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Abstract
Phrurolithidae spiders were collected from Jinggang Mountain National Nature Reserve, Jiangxi Province, 
China, during the past six years. The new genus Alboculus Liu, gen. nov., with the type species Phruroli-
thus zhejiangensis Song & Kim, 1991, is described, and its previously unknown male is described for the 
first time. Furthermore, seven new species of Otacilia are described: O. acutangula Liu, sp. nov. (♂♀), 
O. bijiashanica Liu, sp. nov. (♂♀), O. longtanica Liu, sp. nov. (♀), O. ovoidea Liu, sp. nov. (♂♀), O. 
shenshanica Liu, sp. nov. (♂♀), O. subovoidea Liu, sp. nov. (♂♀), and O. xiaoxiica Liu, sp. nov. (♀). All 
species are illustrated with photographs and their distributions are mapped.
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Introduction

Otacilia was established by Thorell (1897), with the type species O. armatissima 
Thorell, 1897 from Myanmar (Burma). In the past ten years, the total number of spe-
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cies in this genus has increased greatly, approximately tripling, with many new species 
being discovered particularly from China (WSC 2020). Recently, after 27 Phrurolithus 
C.L. Koch, 1839 species were transferred to Otacilia (Zamani and Marusik 2020), the 
genus became the most diverse group of the 14 phrurolithid genera, currently includ-
ing 99 of the 231 described phrurolithid species (WSC 2020). To date, there are 74 
Otacilia species reported from China (ca. 75% of the total; WSC 2020). However, 
there are still many poorly known Phrurolithidae species from southern China with 
unusual morphological characteristics.

Even in 2020, there is no clear way of differentiating between the genera Ota-
cilia and Phrurolithus, although some taxonomists have tried to do so (e.g., Wang 
et al. 2015; Fu et al. 2016; Jin et al. 2016; Liu et al. 2019). Detailed morphological 
characteristics of the genus Phrurolithus were not revealed until the study of Zamani 
and Marusik (2020), wherein many previously undocumented characters on the palps 
and epigynes were described for the first time. Many species described in Phrurolithus 
were incorrectly attributed to this genus, including the Chinese species, which were all 
transferred to Otacilia recently (Zamani and Marusik 2020). Only a few taxonomic 
works were published in recent years, but Otacilia has not been subjected to a compre-
hensive revision yet.

While studying spiders from Jinggang Mountain National Nature Reserve, 
Jiangxi Province, China, we found several phrurolithid spiders belonging to un-
known species or undescribed sexes in the past six years. The male of Otacilia zheji-
angensis (Song & Kim, 1991) was firstly recognised as the undescribed conspecific 
sex of this species. Alboculus Liu gen. nov. is proposed here based on the male and 
female of O. zhejiangensis. Furthermore, seven new Otacilia species are described in 
the present study.

Materials and methods

Specimens were examined using a Zeiss Stereo Discovery V12 stereomicroscope with 
a Zoom Microscope System. Both male palps and female copulatory organs were de-
tached and examined in 75% ethanol, using a Zeiss Axio Scope A1 compound micro-
scope with a KUY NICE CCD. The epigynes were digested and cleared with pancrea-
tin. Specimens including detached male palps and epigynes were stored in 80% etha-
nol after examination. All the specimens are deposited in Animal Specimen Museum, 
Life Science of College, Jinggangshan University (ASM-JGSU).

Somatic morphological measurements were taken with the ImageView CM2000 
software and given in millimetres. The body length of all specimens excludes the cheli-
cerae and spinnerets. Terminology of the male and female genitalia follows Jäger and 
Wunderlich (2012), Ramírez (2014), and Zamani and Marusik (2020). Promarginal 
and retromarginal teeth on the chelicerae are given as the first, second, third, etc., and 
measured from the base of the fang to the distal groove.
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Leg measurements are given as total length (femur, patella, tibia, metatarsus, tar-
sus). Leg spines are documented by dividing each leg segment into two aspects, prolat-
eral (p) and retrolateral (r), and indicating the ventral (v) spines as single (1) or paired 
(2), e.g., femur I pv1111; tibia I v2222.

The abbreviations used in the text are as follows:

Eyes

ALE anterior lateral eye;
AME anterior median eye;
MOA median ocular area;
PLE posterior lateral eye;
PME posterior median eye.

Chelicerae

PES promarginal escort seta;
PRS promarginal rake setae;
RES retromarginal escort seta;
SS slit sensillum;
WS whisker setae.

Legs

LO lyriform organ;
MTS metatarsal stopper;
TO tarsal organ.

Male palp

DTA dorsal tibial apophysis;
dTA distal tegular apophysis;
E embolus;
FA femoral apophysis;
RTA retrolateral tibial apophysis;
rTA retrolateral tegular apophysis;
SD sperm duct.

Epigyne

B bursa;
CD copulatory duct;
CO copulatory opening;
CT connecting tube;
FD fertilisation duct;
GA glandular appendage;
MS median septum;
SP spermathecae.

taxonomy

Family Phrurolithidae Banks, 1892

Comments. Phrurolithidae spiders are mainly distributed in Asia, North America and 
Europe. Half of them are found from Asia. Four phrurolithid genera are Asian endem-
ics, i.e., Abdosetae Fu, Zhang & MacDermott, 2010, Bosselaerius Zamani & Marusik, 
2020, Otacilia Thorell, 1897 and Plynnon Deeleman-Reinhold, 2001. Only one genus, 
Phrurolithus, is widely distributed in Asia, America and Europe. Currently, more than 
80 known species in the four former genera have been reported from China. The total 
number of known Phrurolithidae species from China will rapidly rise to 100 with the 
addition of seven new species described in the present paper and the future descrip-
tions of additional new species from the country.



Ke-Ke Liu et al.  /  ZooKeys 947: 1–37 (2020)4

Alboculus Liu, gen. nov.
http://zoobank.org/3EF7496B-294B-4683-9887-C4367E06BA63

Diagnosis. The new genus differs from other Phrurolithidae by the oval PME with-
out a layer of black pigment around the eye cup (Figs 1A, D, 3A) (vs. with layer of 
black pigment around eye cup), posterior eye row slightly procurved (Figs 1A, D, 3A) 
(vs. straight to recurved), lacking distinct longitudinal and radial stripes on the dorsal 
carapace (Figs 1A, D, 3A) (vs. black longitudinal or radial stripes present), and lacking 
a chevron-shaped marking on the abdominal dorsum (Figs 1A, 3A) (vs. with at least 
two chevron-shaped markings). Males of this genus can be easily distinguished by the 
lack of a dorsal tibial apophysis on the palp (Figs 2A‒C, 6A, B, D) (vs. palpal tibia 
with dorsal tibial apophysis) and the well-developed terminal apophysis of the bulb 
(Figs 2A‒C, 6B‒D) (vs. absent). The female of this genus has the glandular appendages 
slender (Fig. 3C, D) (vs. relatively short and thick) and the spermathecal tail of epigyne 
distinct (Fig. 3D, E) (vs. without a spermathecal tail).

Type species. Otacilia zhejiangensis (Song & Kim, 1991).
Etymology. The genus name is formed from two Latin words albus and oculus, al-

luding to the light-coloured posterior median eyes; the gender is masculine.
Remarks. The type species O. zhejiangensis was first described by Song and Kim 

(1991) as a new species of Phrurolithus based on a single female specimen from Tian-
mu Mountain, Zhejiang province, China. Recently, it was transferred to Otacilia by 
Zamani and Marusik (2020). It is interesting to compare the three specimens of this 
species, clearly recognised by differences in morphological characters with the type spe-
cies of Otacilia and Phrurolithus. Males of this genus differ from Phrurolithus festivus 
(C.L. Koch, 1835) by lacking a layer of black pigment around the PME (Figs 1A, B, 
D, 3A) (vs. PME with black pigment), and having a single tibial apophysis (Figs 2A‒C, 
6A, B, D) (vs. present two tibial apophysis). Although the male of Otacilia armatissima 
is unknown, male Alboculus species differ from Otacilia males (e.g., Figs 7A, 9A, 13A, 
15A, 18A) by the procurved posterior eye row (vs. recurved), and by the dorsal scutum 
covering the entire dorsal surface of the abdomen (Fig. 1A, C) as opposed to a narrow 
scutum only extending to approximately half the abdomen length in Otacilia (e.g., 
Figs 7A, 9A). The females clearly differ from these two type species (O. armatissima 
and P. festivus) by the slender glandular appendages (Fig. 3C, D) (vs. relatively short 
and thick [Figs 8D, 10D, 12D, 14D, 16D, 19D, 21D]) and the spermathecal tail of 
epigyne (Fig. 3C, D) (vs. without the spermathecal tail [Figs 8D, 10D, 12D, 14D, 
16D, 19D, 21D]).

Description. Small, body length 1.8‒2.8 mm. Eyes: AME rounded, PME oval, 
light-coloured, without black pigment, anterior eye row straight, posterior eye row 
procurved. Each chelicera with three promarginal and two retromarginal teeth. Femur 
I with wo spines, tibia I with five pairs of ventral spines, metatarsus I with three pairs 
of ventral spines. Abdomen without dorsal scutum in females, covering entire dorsum 
in males.
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Male palp: femur with large ventral extension; tibia with long, sharply-pointed 
retroventral tibial apophysis, without dorsal apophysis; bulb without median apophy-
sis or conductor; sperm duct long, reaching middle part of the tegulum, narrowed near 
base of embolus; base of embolus slightly narrowed, embolus very small, hook-shaped, 
directed antero-prolaterally, embolus accompanied by thick, short distal terminal apo-
physis (TA) (larger than embolus). Epigyne with clear copulatory atrium medially; 
glandular appendages slender, located on anterior of connecting tubes; spermathecae 
rounded, with clavate-like tail.

Distribution. China (Map 1) (Zhejiang and Jiangxi Provinces)

Map 1. Distribution of Alboculus zhejiangensis (Song & Kim, 1991), comb. nov., in China.
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Alboculus zhejiangensis (Song & Kim, 1991), comb. nov.
Figures 1–6

Phrurolithus zhejiangensis Song & Kim, 1991: 23, figs 16–18 (♀); Song et al. 1999: 
412, fig. 240E–F (♀).

Otacilia zhejiangensis Zamani & Marusik, 2020: 312.

Material examined. China: Jiangxi Province, Ji’an City, Jinggangshan County Level 
City. 2♂, Dalong Town, Yuantou Village, 26°37'40.8"N, 114°6'21.6"E, 906 m, 5 
April 2014, leg. Ke-Ke Liu et al.; 1♀, Longshi Town, Maoping, Shenshan Village, 
Shenshan, 26°38'49.2"N, 114°4'26.4"E, 798 m, 8 August 2015, leg. Ke-ke Liu et al.

Notes. These two collection localities of males and a female of this species are 
very close and located on both sides of Shenshan Mt. They are assigned in different 
two adjacent towns in Jinggang Mountain National Nature Reserve, Jiangxi Province, 
China. Meanwhile, one sub-adult male was also collected on 8 August 2015, which 
has the same habitus as the males collected on April 5 2014. These males are therefore 
recognised as corresponding to the conspecific female.

Diagnosis. This species is easily distinguished from other Phrurolithidae spiders 
by the following combination of morphological characteristics: (1) lacking a layer of 
black pigment around the PME (Figs 1A, D, 3A) (vs. PME with black pigment); (2) 
lacking distinct longitudinal and radial stripes on the dorsal carapace (Figs 1A, D, 3A) 
(vs. black longitudinal or radial stripes present); (3) lacking chevron-shaped marking 
on abdominal dorsum (Figs 1A, 3A) (vs. with at least two chevron-shaped markings); 
(4) male palpal tibia with a single retrolateral apophysis (Figs 2A–C, 6A, B, D) (vs. two 
tibial apophyses present); (5) female epigyne (Fig. 3C, D) with the glandular append-
ages slender (vs. relatively short and thick), and the spermathecal tail club-shaped (vs. 
without a spermathecal tail).

Description. Male. Habitus as in Fig. 1A−C. Total length 2.50, carapace 1.18 
long, 0.90 wide. Eye sizes and interdistances: AME 0.06, ALE 0.07, PME 0.06, PLE 
0.06; ALE−AME 0.02, AME–AME 0.04, PLE−PME 0.06, PME–PME 0.06, ALE−
ALE 0.21, PLE−PLE 0.28, ALE−PLE 0.05, AME−PME 0.06, ALE−PME 0.11. MOA 
0.17 long, front width 0.17, back width 0.19. Cervical groove distinct. Radial furrow 
and fovea indistinct. Chelicerae (Figs 2A, B, 4): with two frontal spines long and 
short, three promarginal (proximal largest, distal smallest) and two retromarginal teeth 
(distal larger); promargin with one escort seta, a row of rake setae, a row of whisker 
setae; retromargin with one escort seta; the other row of whisker setae present near the 
cheliceral base in retrolateral view; near base of fang with a prolateral and a retrolateral 
slit sensillum. Sternum with strongly rebordered margins (Fig. 1B). Leg measurements: 
I 3.21 (0.94, 0.39, 0.87, 0.62, 0.39); II 2.67 (0.81, 0.36, 0.66, 0.49, 0.35); III 2.48 
(0.67, 0.31, 0.55, 0.57, 0.38); IV 3.59 (0.96, 0.37, 0.82, 0.92, 0.52). Leg setae: meta-
tarsi I, II, and IV with a long trichobothrium, as long as tarsus; tarsi I−IV with 2−4 
trichobothria each; tarsal claws with 5−12 pseudotenent setae each, superior tarsal claw 
with two teeth. Tarsal organ teardrop shaped (Fig. 5K). Tarsal slit sensillum present. 
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Figure 1. Alboculus zhejiangensis (Song & Kim, 1991) comb. nov., male A habitus, dorsal view, white ar-
rows show the light-coloured, oval posterior median eyes B same, ventral view C same, lateral view, black 
arrows showing the long trichobothria on metatarsi II and IV D carapace, dorsal view, white arrows show 
the light-coloured, oval posterior median eyes, black arrow shows the long trichobothrium on metatarsus 
II e right leg I, prolateral view, black arrows showing the dark annulations. Scale bars: 0.2 mm (A, B), 
0.5 mm (C, e), 0.1 mm (D).
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Figure 2. Alboculus zhejiangensis (Song & Kim, 1991) comb. nov., male palp A palp, prolateral view 
B same, ventral view C same, retrolateral view D femur, prolateral view e same, ventral view F same, ret-
rolateral view. Scale bars: 0.2 mm (A, B), 0.1 mm (C–F). Abbreviations: dTA – distal tegular apophysis, 
E – embolus, FA – femoral apophysis, RTA – retrolateral tibial apophysis, SD – sperm duct.

Leg spination: femur I pv11; tibiae I v22222, II v222; metatarsi I pv1111, rv111, II 
pv111, rv11. Abdomen elongate elliptical in dorsal view (Fig. 1A−C), scutum covering 
entire dorsum, 1.24 long, 0.69 wide.
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Figure 3. Alboculus zhejiangensis (Song & Kim, 1991) comb. nov., female A habitus, dorsal view, black 
arrows show the light-coloured, oval posterior median eyes B same, ventral view C epigyne, ventral view 
D same, dorsal view, black arrow shows the detail of spermathecal tail. Scale bars: 0.5 mm (A, B), 0.1 mm 
(C, D). Abbreviations: B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting 
tube, FD – fertilisation ducts, GA – glandular appendage, SP – spermathecae.

Colouration (Fig. 1A−C). Carapace yellow, with indistinct radial stripes from me-
dian to marginal. Chelicerae, endites, labium, and sternum yellow. Legs yellow, with 
dark strips on patellae, tibiae and metatarsi I−IV (Figs 1, 5). Abdomen yellow, with 
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Figure 4. SEM micrographs of Alboculus zhejiangensis (Song & Kim, 1991) comb. nov., male chelicera 
A frontal view B detail of promargin, frontal view C posterior view, slightly retrolateral. Abbreviations: 
PES – promarginal escort seta, PRS – promarginal rake setae, RES – retromarginal escort seta, SS – slit 
sensillum, WS – whisker setae.

pair of large oval dark spots medially, pair of blade-shaped dark spots on sub-medial 
part, and semi-circular dark spot posteriorly.

Palp (Figs 2, 6). Femoral apophysis well-developed, width slightly less than half of 
length, with abundant short setae. Patella unmodified. Tibia with a large retrolateral 
apophysis, longer than tibia, with sharply pointed and broad base. Cymbium approxi-
mately two times longer than wide. Bulb oval, with long V-shaped sperm duct, apo-
physes absent. Embolus hook-shaped, small, with large base, accompanied by a small 
tegular apophysis of embolic base, terminal apophysis slightly longer than embolus 
and surrounded by the embolic base.

Female. Habitus as in Fig. 3A, B. Total length 2.40, carapace (Fig. 3A) 1.01 long, 
0.79 wide. Eye sizes and interdistances: AME 0.06, ALE 0.07, PME 0.05, PLE 0.05; 
ALE−AME 0.02, AME–AME 0.04, PLE−PME 0.03, PME–PME 0.04, ALE−ALE 
0.17, PLE−PLE 0.20, ALE−PLE 0.06, AME−PME 0.06, ALE–PME 0.20. MOA 0.15 
long, front width 0.14, back width 0.14. Abdomen (Fig. 3A), 1.08 long, 1.19 wide. 
Leg measurements: I 2.73 (0.76, 0.31, 0.71, 0.59, 0.36); II 2.15 (0.65, 0.27, 0.50, 
0.49, 0.33); III 1.99 (0.58, 0.25, 0.37, 0.48, 0.31); IV 2.78 (0.79, 0.30, 0.60, 0.68, 
0.41). Dorsal scutum absent on abdomen.

Epigyne (Fig. 3C, D). Anterior fovea separated by weakly sclerotised V-shaped 
margin, bilaterally with concaved copulatory openings. Copulatory ducts and gland 
appendages distinctly visible through integument in intact epigyne. Copulatory ducts 
slender, curved forward, connecting with the oval bursae. Connecting tubes slender, 
ear-shaped, located at the distal of copulatory ducts, curved backwards to spermathe-
cae, posteriorly with slender glandular appendages. Glandular appendages as long as 
connecting tubes, extending forwards. Spermathecae globular, separated less than their 
diameter. Fertilisation duct short, located anteriorly on spermathecae. Spermathecal 
tails shorter than spermathecal diameter, club-shaped, ectally located.

Distribution. Known from Zhejiang and Jiangxi (Map 1).
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Figure 5. SEM micrographs of Alboculus zhejiangensis (Song & Kim, 1991) comb. nov., male legs A right 
leg I, prolateral view B same, tarsus, prolateral view C same, tarsal slit sensillum, prolateral view D same, 
tarsal claw and claw tuft setae, prolateral view e left leg IV, prolateral view F same, metatarsus, white arrow 
shows the long trichobothrium, prolateral view G same, metatarsus-tarsus joint, prolateral view h same, 
tarsus, prolateral view I same, tarsal claw and claw tuft setae, prolateral view J right tarsal claw I and claw 
tuft setae, retrolateral view K left tarsus IV, detail of tarsal organ, dorsal view J left tarsal claw IV and claw 
tuft setae, dorsal view. Abbreviations: LO – lyriform organ, MTS – metatarsal stopper, TO – tarsal organ.

Genus Otacilia Thorell, 1897

Notes. Currently, there are 99 species included in this genus, with 74 recorded from 
China. In the last five years, the total number of species from the country has increased 
considerably, due to the considerable attention paid to them by many arachnologists. 
They are widely distributed in southern China, such as Hainan (six species), Taiwan 
(two species), Zhejiang (four species), Yunnan (ten species), Guangxi (two species), 
Guizhou (five species), Sichuan (eight species), Chongqing (nine species), Hunan (19 
species), Hubei (four species) and Jiangxi (seven species) provinces. Jin et al. (2016) 
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Figure 6. SEM micrographs of Alboculus zhejiangensis (Song & Kim, 1991) comb. nov., male palp 
A ventral view, showing detail of retrolateral tibial apophysis B same, ventro-retrolateral view C same, 
detail showing embolus and distal tegular apophysis D same, detail showing retrolateral tibial apophysis 
e palpal femur, prolateral view F same, retrolateral view. Scale bars: 0.1 mm (A, B, e), 10 µm (C, D), 
20 µm (F). Abbreviations: dTA – distal tegular apophysis, E – embolus, FA – femoral apophysis, RTA – 
retrolateral tibial apophysis.
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divided Otacilia into five species groups, i.e., the armatissima-group, ambon-group, 
longituba-group, pseudostella-group, and a fifth unnamed group containing the re-
maining species (i.e., species known from a single sex, or with poor original descrip-
tions and figures or peculiar structures). These seven new species most likely belong 
to the armatissima-group. Only one new species, O. bijiashanica Liu, sp. nov., has two 
tibial apophyses, while the others only have one.

Otacilia acutangula Liu, sp. nov.
http://zoobank.org/B8364C5E-8AE3-4E18-BA7B-EF9D2D11454D
Figures 7, 8

Type material. Holotype: ♂, China: Jiangxi Province, Ji’an City, Jinggangshan Coun-
ty Level City, Ciping Town, Dajing Village, Jingzhushan Scenic Spot, 26°31'33.37"N, 
114°06'30.34"E, 786 m, 1 October 2018, leg. Ke-Ke Liu et al. Paratypes: 2♀, with 
same data as holotype; 1♂, 1♀, same locality, Lingxiufeng Scenic Spot, 26°34'16.72"N, 
114°07'00.56"E, 971 m, 1 October 2018, leg. Ke-Ke Liu et al.; 1♂, same locality, Xi-
aojing Village, Longtan Scenic Spot, 26°35'33.08"N, 114°08'18.50"E, 909 m, 1 Oc-
tober 2018, leg. Ke-Ke Liu et al.; 1♂, same locality, Bijiashan Scenic Spot, Hongjun 
Road, 26°36'25.88"N, 114°11'43.07"E, 549 m, 3 October 2018, leg. Ke-Ke Liu et al.

Etymology. The specific name is derived from the Latin adjective acutangulus, 
referring to the bent retrolateral tibial apophysis that forms an angle of ca. 45° with its 
transverse base; adjective.

Differential diagnosis. The new species differs from O. daweishan Liu, Xu, Xiao, 
Yin & Peng, 2019 by an oval distal tegular apophysis (Fig. 7C−F) (vs. teardrop shaped), 
the bent RTA forming an angle of ca. 45° (Fig. 7D, E) (vs. ca. 60°), and the strongly 
sclerotised ridges in the epigyne (Fig. 8C) (vs. weakly sclerotised).

Description. Male (Holotype). Habitus as in Fig. 7A, B. Total length 3.10, cara-
pace 1.45 long, 1.31 wide. Eye sizes and interdistances: AME 0.08, ALE 0.10, PME 
0.07, PLE 0.11; ALE−AME 0.02, AME–AME 0.06, PLE−PME 0.07, PME–PME 
0.12, ALE−ALE 0.25, PLE−PLE 0.39, ALE−PLE 0.10, AME−PME 0.10, ALE−PME 
0.10. MOA 0.25 long, front width 0.20, back width 0.27. Chelicerae (Fig. 7A, B) 
with three promarginal (middle largest, distal smallest) and five retromarginal teeth 
(distal largest, proximal smallest). Sternum (Fig. 7B), posteriorly pointed. Abdomen 
(Fig. 7A) 1.43 long, 0.91 wide. Leg measurements: I 6.64 (1.73, 0.57, 1.98, 1.48, 
0.88); II 5.42 (1.38, 0.50, 1.52, 1.26, 0.76); III 4.57 (1.16, 0.50, 1.07, 1.15, 0.69); IV 
7.15 (1.96, 0.55, 1.73, 1.95, 0.96). Leg spination: femora I–IV with one dorsal spine 
each; femora I pv1111, II pv11; tibiae I v22222222, II v2222222; metatarsi I v2222, 
II pv1222.

Colouration (Fig. 7A, B). Carapace yellow-brown. Chelicerae yellow-brown. En-
dites yellow. Labium and sternum yellow-brown. Legs yellow. Abdomen yellowish 
brown, with pair of small oval large triangular yellowish spots medially, large irregu-
lar yellowish spots medially also on the posterior dorsal scutum, three light chevron-
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Figure 7. Otacilia acutangula sp. nov., male holotype A habitus, dorsal view B same, ventral view C palp, 
prolateral view D same, ventral view e same, retrolateral view F same, dorsal view. Scale bars: 0.5 mm 
(A, B), 0.1 mm (C–F). Abbreviations: dTA – distal tegular apophysis, E – embolus, FA – femoral apo-
physis, RTA – retrolateral tibial apophysis, rTA –retrolateral tegular apophysis, SD – sperm duct.

shaped stripes on sub-medial part, and yellowish arc-shaped stripe posteriorly; weak 
dorsal scutum in anterior half, extending slightly past the midpoint.

Palp (Fig. 7C−F). Femoral apophysis well-developed, width longer than half of 
length. Patella unmodified. Tibia with short retrolateral apophysis, less than tibial 
length, tapering-pointed, bending inwards to base of cymbium, forming an acute angle 
of ca. 45° with its transverse base in retrolateral view. Cymbium more than two times 
longer than wide. Bulb oval, with long U-shaped sperm duct, apophyses absent. Em-



A new genus Alboculus gen. nov., with seven new Otacilia species from China 15

Figure 8. Otacilia acutangula sp. nov., female paratype A habitus, dorsal view B same, ventral view 
C epigyne, ventral view D epigyne, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbrevia-
tions: B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisa-
tion ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.

bolus hook-shaped, thick, with broad triangular base, apart from distal and retrolateral 
tegular apophyses. Retrolateral tegular apophysis straight, thickened, finger-shaped, 
submedial part covered by oval distal tegular apophysis.
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Female. Habitus as in Fig. 8A, B. Lighter than male. Total length 2.87, carapace 
1.42 long, 1.20 wide. Eye diameters: AME 0.09, ALE 0.09, PME 0.07, PLE 0.09; 
ALE−AME 0.01, AME–AME 0.04, PLE−PME 0.06, PME–PME 0.11, ALE−ALE 
0.23, PLE−PLE 0.35, ALE−PLE 0.08, AME−PME 0.09, ALE−PME 0.10. MOA 0.23 
long, front width 0.21, back width 0.24. Abdomen (Fig. 8A) 1.37 long, 0.86 wide. Leg 
measurements: I 6.41 (1.62, 0.49, 2.00, 1.58, 0.72); II 5.27 (1.35, 0.53, 1.45, 1.22, 
0.72); III 4.36 (1.15, 0.42, 1.00, 1.15, 0.64); IV 7.07 (1.88, 0.55, 1.75, 1.95, 0.94). 
Leg spination: femora I–IV with one dorsal spine each; tibiae I v2222222, II v222222.

Epigyne (Fig. 8C, D). Epigynal plate mushroom-like, posterior with a triangu-
lar median septum, copulatory ducts, glandular appendages, connecting tubes and 
spermathecae distinctly visible through integument in intact epigyne. Anterior fovea 
separated by strongly sclerotised M-shaped margin, medially with concaved, large cop-
ulatory openings. Copulatory ducts broad, declivitous, posteriorly with pair of kidney-
shaped transparent bursae medially. Glandular appendages short, anterior part covered 
by bursae, located on anterior of connecting tubes. Connecting tubes short, located be-
tween glandular appendages and spermathecae. Spermathecae slightly swollen, slightly 
separated. Fertilisation duct short, located apically on spermathecae.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).

Otacilia bijiashanica Liu, sp. nov.
http://zoobank.org/467DE20C-2700-49F0-A52D-B98B136164AE
Figures 9−11

Type material. Holotype: ♂, China: Jiangxi Province, Ji’an City, Jinggangshan Coun-
ty Level City, Ciping Town, Bijiashan Scenic Spot, Hongjun Road, 26°36'25.88"N, 
114°11'43.07"E, 549 m, 3 October 2018, leg. Ke-Ke Liu et al. Paratypes: 3♂, 1♀, 
same locality as holotype, Luofu Town, Xiangzhou Village, Fengshuping Group, 
26°36'10.31"N, 114°06'34.69"E, 364 m, 5 October 2018, leg. Ke-Ke Liu and Hui-
Pu Luo; 1♂, Ciping Town, Huangyangjie Scenic Spot, 26°37'22.8"N, 114°7'1.2"E, 
1055 m, 5 April 2014, leg. Ke-Ke Liu et al.

Etymology. The specific name refers to the type locality, Bijiashan; adjective.
Differential diagnosis. The new species differs from O. fabiformis Liu, Xu, Xiao, 

Yin & Peng, 2019 and O. hippocampa Jin, Fu, Yin & Zhang, 2016 by the short hook-
shaped embolus (Figs 9D, 11A, B) (vs. spine-like in O. fabiformis and O. hippocampa), 
and the C-shaped spermathecae (Fig. 10D) (vs. peanut-like in O. fabiformis and globu-
lar in O. hippocampa).

Description. Male (holotype). Habitus as in Fig. 9A, B. Total length 2.56, cara-
pace 1.24 long, 1.07 wide. Eye sizes and interdistances: AME 0.06, ALE 0.08, PME 
0.08, PLE 0.08; ALE−AME 0.01, AME–AME 0.04, PLE−PME 0.04, PME–PME 
0.07, ALE−ALE 0.17, PLE−PLE 0.30, ALE−PLE 0.07, AME−PME 0.07, ALE−PME 
0.07. MOA 0.21 long, front width 0.15, back width 0.22. Chelicerae (Fig. 9B) three 
promarginal (proximal largest, distal smallest) and two retromarginal teeth (distal larger 
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Map 2. Map of China, enlargement showing records of Otacilia acutangula sp. nov., O. bijiashanica sp. 
nov., O. longtanica sp. nov., O. ovoidea sp. nov., O. shenshanica sp. nov., Otacilia subovoidea sp. nov. and 
O. xiaoxiica sp. nov. in Jinggang Mountain National Nature Reserve, Jiangxi.

Sternum, posteriorly pointed. Abdomen (Fig. 9A, B), 1.42 long, 0.97 wide. Leg meas-
urements: I 4.64 (1.21, 0.50, 1.35, 1.08, 0.50); II 4.00 (1.10, 0.48, 1.05, 0.95, 0.42); 
III 3.49 (0.90, 0.41, 0.74, 0.93, 0.51); IV 4.95 (1.30, 0.46, 1.10, 1.38, 0.71). Leg 
spination: femur I with two dorsal spines, femora II−IV with one dorsal spine each; 
femora I pv111, II pv11; tibiae I v2222222, II v222222; metatarsi I v2222, II v1222.

Colouration (Fig. 9A, B). Carapace yellow, with radial, irregular dark stripes sub-
marginally and arc-shaped dark stripes around margin. Chelicerae yellow brown. En-
dites, labium and sternum yellow. Legs yellow, with distinct annulations on tibiae and 
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Figure 9. Otacilia bijiashanica sp. nov., male holotype A habitus, dorsal view B same, ventral view 
C  palp, prolateral view D same, ventral view e same, retrolateral view F same, dorsal view, slightly 
retrolateral. Scale bars: 0.5 mm (A, B), 0.1 mm (C–F). Abbreviations: DTA – dorsal tibial apophysis, 
E – embolus, rTA – retrolateral tegular apophysis, RTA – retrolateral tibial apophysis, SD – sperm duct.

distal part of femora, patellae and metatarsi. Abdomen yellowish, with two large C-
shaped stripes on the two sides of dorsal scutum and four light chevron-shaped stripes 
in submedial part, and single yellowish transverse stripe posteriorly.

Palp (Figs 9C−F, 11). Femoral apophysis well-developed, width longer than half of 
length. Patella unmodified. Retrolateral tibial apophysis large, longer than tibia, horn-
shaped, with a sharp apex in retrolateral view. Dorsal tibial apophysis large, slightly 
shorter than tibia, with sharp narrowed sub-medial part and a spine-like apex in dorsal 
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Figure 10. Otacilia bijiashanica sp. nov., female paratype A habitus, dorsal view B same, ventral view 
C epigyne, ventral view D epigyne, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbrevia-
tions: B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisa-
tion ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.

view. Sperm duct strongly sclerotised, hook-shaped in ventral view, anterior part thick, 
gradually narrowed in posterior part. Retrolateral tegular apophysis extruding laterally, 
in front of anterior part of sperm duct. Embolus short and hook-shaped.

Female. Habitus as in Fig. 10A, B. Lighter than males. Total length 2.62, carapace 
length 1.26, width 1.10. Eye diameters: AME 0.06, ALE 0.08, PME 0.07, PLE 0.08; 
interdistances: ALE−AME 0.01, AME–AME 0.03, PLE−PME 0.05, PME–PME 0.07, 
ALE−ALE 0.14, PLE−PLE 0.31, ALE−PLE 0.08, AME−PME 0.08, ALE−PME 0.09. 
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Figure 11. SEM micrographs of Otacilia bijiashanica sp. nov., palp of male paratype A ventral view 
B same, detail of bulb C dorsal view, detail of tibia apophysis. Scale bars: 0.1 mm. Abbreviations: DTA 
– dorsal tibial apophysis, E – embolus, FA – femoral apophysis, RTA – retrolateral tibial apophysis, rTA 
– retrolateral tegular apophysis.

MOA 0.20 long, front width 0.12, back width 0.21. Sternum, posterior end proper 
blunt. Abdomen (Fig. 10A, B) length 1.42, width 0.89. Leg measurements: I broken; 
II 3.93 (1.05, 0.45, 1.06, 0.94, 0.43); III broken; IV 4.92 (1.31, 0.44, 1.17, 1.35, 
0.65). Leg spination: femur I with two dorsal spines, femora II−IV with one dorsal 
spine each; femur II pv11.

Colouration (Fig. 10A, B). Legs without distinct annulations on femora, patellae, 
tibiae and metatarsi. Abdomen, antero-medially with longitudinal grey-brown stripe 
connecting with paired yellowish spots in dorsal view.

Epigyne (Fig. 10C, D). Epigynal plate snake-like, with a narrowed median septum, 
copulatory ducts, connecting tubes and spermathecae distinctly visible through integu-
ment in intact epigyne. Anteromedially with small round copulatory openings. Copu-
latory ducts short, proper broad, almost parallel, medially located between copulatory 
openings and glandular appendage. Connecting tubes short, C-shaped, shorter than 
connecting tubes. Spermathecae, C-shaped. Fertilisation ducts extending anteriorly.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).

Otacilia longtanica Liu, sp. nov.
http://zoobank.org/3E6CC983-C836-4156-8D66-571ABBC64FAD
Figure 12

Type material. Holotype: ♀, China: Jiangxi Province, Ji’an City, Jinggangshan Coun-
ty Level City, Ciping Town, Xiaojing Village, Longtan Scenic Spot, 26°35'56.4"N, 
114°8'24.0"E, 838 m, 31 May 2014, leg. Ke-Ke Liu et al.
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Figure 12. Otacilia longtanica sp. nov., female holotype A habitus, dorsal view B same, ventral view 
C epigyne, ventral view D same, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbreviations: 
B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisation 
ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.

Etymology. The specific name refers to the type locality, Longtan; adjective.
Differential diagnosis. The female of this species is similar to that of O. fujiana 

Fu, Jin & Zhang, 2014 but differs by the chelicerae having two retromarginal teeth 
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(Fig. 12B) (vs. five retromarginal teeth) and the oval spermathecae (vs. with clavate 
shafts). Male unknown.

Description. Female. Habitus as in Fig. 12A, B. Total length 4.81, carapace 1.69 
long, 1.01 wide. Eye sizes and interdistances: AME 0.11, ALE 0.11, PME 0.09, PLE 
0.10; ALE−AME 0.04, AME–AME 0.08, PLE−PME 0.08, PME–PME 0.13, ALE−
ALE 0.34, PLE−PLE 0.45, ALE−PLE 0.13, AME−PME 0.11, ALE−PME 0.18. MOA 
0.32 long, front width 0.30, back width 0.32. Chelicerae (Fig. 12A) with three pro-
marginal (middle largest, distal smallest) and two retromarginal teeth (distal larger). 
Sternum (Fig. 12B), with distinct precoxal triangles, posterior pointed. Abdomen 
(Fig. 12A) 2.70 long, 1.66 wide. Leg measurements: I 9.66 (2.41, 0.71, 3.17, 1.89, 
1.48); II 7.91 (1.99, 0.62, 2.32, 1.68, 1.30); III 6.20 (1.50, 0.58, 1.56, 1.57, 0.99); IV 
9.81 (2.45, 0.69, 2.51, 2.71, 1.45). Leg spination: femora I–IV with one dorsal spine 
each; femora I pv111111, II pv111; tibiae I v2222222222, II v22222222; metatarsi I 
v2222, II v1222.

Colouration (Fig. 12A, B). Carapace yellow to yellow-brown, with radial, irregu-
lar dark stripes mediolaterally and arch-shaped dark stripes around margin. Chelicerae 
yellow. Endites yellow. Labium yellow-brown. Sternum yellow, with yellow-brown 
margin. Legs yellow, without annulations on tibiae and distal part of femora, patellae 
and metatarsi (Fig. 12A, B). Abdomen dark brown, with abundant yellowish spots in 
dorsal view.

Epigyne (Fig. 12C, D). Epigynal plate trapezoid, antero-medially with pair of slit-
like copulatory openings, with a narrowed median septum, copulatory ducts, glandular 
appendage, connecting tubes and spermathecae distinctly visible through integument 
in intact epigyne. Copulatory ducts very short, relative broad, between copulatory 
openings and glandular appendage, with pair of elongated transparent bursae anteri-
orly. Glandular appendages short, proper thick, located on the anterior of connecting 
tubes. Connecting tubes short, as long as copulatory duct, broad, located between 
glandular appendages and spermathecae. Spermathecae elongated, oval, slightly sepa-
rated at their apex. Fertilisation duct short, located apically on spermathecae.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).

Otacilia ovoidea Liu, sp. nov.
http://zoobank.org/1F47C8A6-95FB-4B9A-9994-4E78949142A6
Figures 13, 14

Type material. Holotype: ♂, China: Jiangxi Province, Ji’an City, Jinggangshan County 
Level City, Ciping Town, Dajing Village, Jingzhushan Scenic Spot, 26°32'39.69"N, 
114°06'34.96"E, 1130 m, 1 October 2018, leg. Ke-Ke Liu et al. Paratypes: 7♂, 1♀, 
with same data as holotype; 1♂, 26°31'33.37"N, 114°06'30.34"E, 786 m, other data as 
holotype; 2♂, 26°32'39.69"N, 114°06'34.96"E, 1130 m, other data as holotype; 9♂, 
Ciping Town, Wuzhifeng Scenic Spot, 26°31'59.07"N, 114°08'28.47"E, 735 m, 2 Oc-
tober 2018, leg. Ke-Ke Liu et al.; 9♂, Ciping Town, Liping Village, around the Shiyan 
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Figure 13. Otacilia ovoidea sp. nov., male holotype A habitus, dorsal view B same, ventral view C palp, 
prolateral view D same, ventral view e same, retrolateral view F same, dorsal view. Scale bars: 0.5 mm 
(A, B), 0.1 mm (C–F). Abbreviations: dTA – distal tegular apophysis, E – embolus, FA – femoral apo-
physis, rTA – retrolateral tegular apophysis, RTA – retrolateral tibial apophysis, SD – sperm duct.

Cave, 26°36'10.43"N, 114°12'46.35"E, 955 m, 6 October 2018, leg. Ke-Ke Liu and 
Hui-Pu Luo; 1♂, Luofu Town, Xiangzhou Village, Fengshuping Group, 26°36'10.31"N, 
114°06'34.69"E, 364 m, 5 October 2018, leg. Ke-Ke Liu and Hui-Pu Luo.

Etymology. The specific name is derived from the Latin word ovoideus, referring to 
the ovoid terminal apophysis of the male palp; adjective.

Diagnosis. This species can be easily recognised by the palp (Fig. 13C−F) with the 
clavate retrolateral tegular apophysis (vs. absent, triangular, finger-shaped, or otherwise) 
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and the ovoid membranous fan-shaped distal tegular apophysis (Fig. 13D, E) (vs. absent, 
ovoid, triangular, finger-shaped, or otherwise). Females are distinguished by the epigyne 
(Fig. 14C, D) with a weakly sclerotised transversal margin (vs. absent, M-shaped, arc-
shaped, or otherwise), the funnel-shaped median septum (vs. rectangular, triangular, 
others), and the touching globular spermathecae (vs. widely or slightly separated).

Description. Male (holotype). Habitus as in Fig. 13A, B. Total length 3.55, cara-
pace 1.65 long, 1.42 wide. Eye sizes and interdistances: AME 0.10, ALE 0.10, PME 
0.09, PLE 0.10; ALE−AME 0.01, AME–AME 0.05, PLE−PME 0.07, PME–PME 
0.11, ALE−ALE 0.25, PLE−PLE 0.41, ALE−PLE 0.10, AME−PME 0.08, ALE−PME 
0.17. MOA 0.25 long, front width 0.23, back width 0.29. Chelicerae (Fig. 13A, B) 
with three promarginal (middle largest, distal smallest) and six retromarginal teeth 
(distal largest, proximal smallest). Sternum (Fig. 13B) gradually pointed. Abdomen 
(Fig. 13A, B) 1.69 long, 1.01 wide. Leg measurements: I 7.10 (1.82, 0.65, 2.10, 1.71, 
0.82); II 5.85 (1.53, 0.61, 1.61, 1.34, 0.76,); III 4.82 (1.27, 0.49, 1.07, 1.28, 0.71); 
IV 7.47 (1.99, 0.66, 1.82, 2.16, 0.84). Leg spination: femur I with two dorsal spines, 
femora II−IV with one dorsal spine each; femora I pv1111 (right), pv11111, II pv111; 
tibiae I v22222222, II v2222222; metatarsi I v2222, II v2222.

Colouration (Fig. 13A, B). Prosoma yellow-brown, with radial, irregular dark 
brown mottled markings in the surface. Fovea distinct, black. Chelicerae yellow-
brown. Endites, labium and sternum yellow. Legs yellow (Fig. 13A, B). Abdomen dark 
brown, with pair of round and Y-shaped spots located in the posterior dorsal scutum 
and three light chevron-shaped stripes on posterior part, with yellowish transversal 
stripe in front of the anal tubercle.

Palp (Fig. 13C−F). Femoral apophysis well-developed, width longer than half of 
length. Patella unmodified. Retrolateral tibial apophysis large, bending inward to the 
base of cymbium, triangular extruding in proximal part in retrolateral view, with a 
clear apophyses located at the base and a blunt apex in dorsal view. Sperm duct C-
shaped, strongly sclerotised, around the base of retrolateral tegular apophysis, distal 
tegular apophysis and embolus; distal tegular apophysis club-shaped, longer than em-
bolus. Conductor, ovoid, slightly shorter than embolus. Embolus, with proper broad 
base and a short, curved tip.

Female. Habitus as in Fig. 14A, B. Total length 3.73, carapace 1.77 long, 1.57 
wide. Eye sizes and interdistances: AME 0.08, ALE 0.08, PME 0.08, PLE 0.10; ALE−
AME 0.03, AME–AME 0.07, PLE−PME 0.08, PME–PME 0.15, ALE−ALE 0.28, 
PLE−PLE 0.46, ALE−PLE 0.12, AME−PME 0.10, ALE−PME 0.11. MOA 0.26 long, 
front width 0.23, back width 0.31. Abdomen (Fig. 14A, B) 1.90 long, 1.20 wide. Leg 
measurements: I 7.36 (1.80, 0.65, 2.30, 1.75, 0.86); II 5.85 (1.45, 0.62, 1.67, 1.29, 
0.82); III 5.12 (1.38, 0.56, 1.12, 1.31, 0.75); IV 7.73 (2.12, 0.66, 1.79, 2.06, 1.10). 
Leg spination: femur I with two dorsal spines, femora II−IV with one dorsal spine 
each; femur I pv1111; tibiae I v22222222, II v2222222; metatarsus II v1222.

Epigyne (Fig. 14C, D). Epigynal plate bow-shaped, antero-medially with pair 
of concaved copulatory openings, with a funnel-shaped median septum, copulato-
ry ducts, glandular appendage, connecting tubes and spermathecae distinctly visible 
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Figure 14. Otacilia ovoidea sp. nov., female paratype A habitus, dorsal view B same, ventral view C epi-
gyne, ventral view D epigyne, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbreviations: 
B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisation 
ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.
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through integument in intact epigyne. Anterior fovea separated by weakly sclerotised 
transversal margin. Copulatory ducts broad, located between copulatory openings and 
glandular appendages, posteriorly with pair of large, oval, transparent bursae. Glandu-
lar appendages short, partly covered by bursae, located on the anterior of connecting 
tubes. Connecting tubes slightly shorter than copulatory ducts, located between glan-
dular appendages and spermathecae. Spermathecae globular, directed medially. Fertili-
sation duct short, located apically on spermathecae.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).

Otacilia shenshanica Liu, sp. nov.
http://zoobank.org/354A0C02-F10E-4B37-94AB-2FFDCA6F3EB2
Figures 15–17

Type material. Holotype: ♂, China: Jiangxi Province, Ji’an City, Jinggangshan Coun-
ty Level City, Dalong Town, Yuantou Village, 26°37'55.2"N, 114°06'21.6"E, 1029 m, 
5 April 2014, leg. Ke-Ke Liu et al. Paratypes: ♀, with same data as holotype; 1♂, 2♀, 
26°37'33.6"N, 114°06'21.6"E, 791 m, other data as holotype; 1♀, Longshi Town, 
Maoping, Shenshan Village, Shenshan, 26°38'13.2"N, 114°06'39.6"E, 1099  m, 6 
April 2014, leg. Ke-Ke Liu et al.

Etymology. The specific name refers to the type locality, Shenshan; adjective.
Differential diagnosis. The new species differs from O. hengshan (Song, 1990) by 

the bend of the RTA with a strong basal apophysis (Figs 15C, E, F, 17C) (vs. the sub-
median part of the RTA with a strong apophysis) and the wider median septum located 
medially (Fig. 16C, D) (vs. narrowed).

Description. Male (holotype). Habitus as in Fig. 15A. Total length 3.87, cara-
pace 1.72 long, 1.45 wide. Eye sizes and interdistances: AME 0.08, ALE 0.10, PME 
0.08, PLE 0.09; ALE−AME 0.03, AME–AME 0.06, PLE−PME 0.07, PME–PME 
0.14, ALE−ALE 0.27, PLE−PLE 0.41, ALE−PLE 0.11, AME−PME 0.10, ALE−PME 
0.19. MOA 0.26 long, front width 0.21, back width 0.29. Cervical groove and fo-
vea distinct. Chelicerae (Fig. 15A, B) with three promarginal (middle largest, distal 
smallest) and six retromarginal teeth (distal largest, proximal smallest). Sternum (Fig. 
15B), posterior pointed. Abdomen (Fig. 15A, B) 1.98 long, 1.38 wide, weak dorsal 
scutum in anterior half. Leg measurements: I 7.21 (1.87, 0.70, 2.24, 1.77, 0.63); II 
5.52 (1.52, 0.58, 1.45, 1.38, 0.59); III 4.86 (1.31, 0.54, 1.08, 1.33, 0.60); IV 7.77 
(2.09, 0.63, 1.88, 2.15, 1.02). Leg spination: femur I with two dorsal spines, femora 
II−IV with one dorsal spine each; femora I pv1111 (right), pv11111, II pv111; tibiae 
I v22222222, II v222222; metatarsi I v2222, II v1222.

Colouration (Fig. 15A, B). Carapace yellow, with radial, irregular dark stripes me-
dially and arch-shaped dark stripes around margin. Chelicerae yellow-brown. Endites 
yellow. Labium yellow-brown. Sternum yellow. Legs yellow, without annulations on 
tibiae and distal part of femora, patellae, and metatarsi. Abdomen dark brown, with 
pair of oval and pair of clavate yellowish spots on the posterior dorsal scutum, three 
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Figure 15. Otacilia shenshanica sp. nov., male holotype A habitus, dorsal view B same, ventral view 
C palp, prolateral view D same, ventral-distal view e same, retrolateral view F same, dorsal view. Scale bars: 
0.5 mm (A, B), 0.1 mm (C–F). Abbreviations: dTA – distal tegular apophysis, E – embolus, FA – femoral 
apophysis, RTA – retrolateral tibial apophysis, rTA – retrolateral tegular apophysis, SD – sperm duct.

light chevron-shaped stripes in posterior part, and yellowish arch-shaped stripe in front 
of the anal tubercle.

Palp (Figs 15C−F, 17). Femoral apophysis well developed, width less than half of 
length. Patella unmodified. Retrolateral tibial apophysis large, slightly less than tibia, 
finger-like, bending inwards towards base of cymbium, with strong basal apophysis 
and blunt tip. Sperm duct O-shaped, strongly sclerotised, around base of retrolateral 
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Figure 16. Otacilia shenshanica sp. nov., female paratype A habitus, dorsal view B same, ventral view 
C epigyne, ventral view D epigyne, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbrevia-
tions: B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisa-
tion ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.

tegular apophysis, distal tegular apophysis and embolus. Retrolateral tegular apophysis 
clavate, slightly shorter than embolus. Distal tegular apophysis triangular, accompa-
nied by embolus and subterminal apophysis. Embolus, thick, hook-shaped, with broad 
base and blunt tip.
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Figure 17. SEM micrographs of Otacilia shenshanica sp. nov., palp of male paratype A proventral view 
B same, detail showing embolus C retrolateral view D same, detail of conductor, embolus and tegular ap-
ophysis. Scale bars: 0.1 mm (A, C), 20 µm (B, D). Abbreviations: dTA – distal tegular apophysis, E – em-
bolus, FA – femoral apophysis , RTA – retrolateral tibial apophysis, rTA – retrolateral tegular apophysis.
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Female. Habitus as in Fig. 16A, B. Darker than males. Total length 4.35, carapace 
1.91 long, 1.67 wide. Eye sizes and interdistances: AME 0.10, ALE 0.11, PME 0.09, 
PLE 0.10; ALE−AME 0.02 AME–AME 0.07, PLE−PME 0.08, PME–PME 0.14, 
ALE−ALE 0.30, PLE−PLE 0.47, ALE−PLE 0.11, AME−PME 0.11, ALE−PME 0.11. 
MOA 0.28 long, front width 0.25, back width 0.33. Abdomen (Fig. 16A) 2.27 long, 
1.73 wide. Legs (Fig. 13A) measurements: I 7.84 (2.03, 0.75, 2.39, 1.83, 0.84); II 6.61 
(1.74, 0.66, 1.87, 1.51, 0.83); III 5.52 (1.43, 0.62, 1.34, 1.42, 0.71); IV 8.39 (2.23, 
0.74, 2.01, 2.33, 1.08). Leg spination: femur I pv1111; tibia II v22222222.

Colouration (Fig. 16A, B). Abdomen with pair of irregular yellowish spots behind 
the first pair of oval spots.

Epigyne (Fig. 16C, D). Epigynal plate bow-shaped, antero-medially with pair 
of concaved copulatory openings, with triangular median septum, copulatory ducts, 
glandular appendage, connecting tubes and spermathecae distinctly visible through in-
tegument in intact epigyne. Copulatory ducts broad, slightly sloping, located between 
copulatory openings and glandular appendages, posteriorly with pair of large, bean-
shaped, transparent bursae. Glandular appendages short, partly covered by bursae, lo-
cated on anterior of connecting tubes. Connecting tubes, twice the length of copula-
tory ducts, located between glandular appendages and spermathecae. Spermathecae 
globular, slightly separated. Fertilisation duct short, located apically on spermathecae, 
extending anteriorly.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).

Otacilia subovoidea Liu, sp. nov.
http://zoobank.org/B862C4C7-C715-4DE1-B3A3-7A1C01B54518
Figures 18−20

Type material. Holotype: ♂, China: Jiangxi Province, Ji’an City, Jinggangshan County 
Level City, Ciping Town, Liping Village, Citic Sewage Treatment Plant, 26°35'28.93"N, 
114°12'46.82"E, 810 m, 6 October 2018, leg. Ke-Ke Liu and Hui-Pu Luo. Paratypes: 
6♂, 3♀, with same data as holotype; 4♂, 5♀, Liping Village, around the Shiyan Cave, 
26°36'13.60"N, 114°12'35.91"E, 927 m, other data as holotype; 2♂, 2♀, Dajing Vil-
lage, Lingxiufeng Scenic Spot, 26°34'16.72"N, 114°07'00.56"E, 971 m, 1 October 
2018, leg. Ke-Ke Liu et al.; 5♂, Xiaojing Village, Longtan Scenic Spot, 26°35'33.08"N, 
114°08'18.50"E, 909 m, 1 October 2018, leg. Ke-Ke Liu et al.; 2♂, 3♀, Wuzhifeng 
Scenic Spot, 26°31'59.07"N, 114°08'28.47"E, 735 m, 2 October 2018, leg. Ke-Ke 
Liu et al.; 3♀, Jingzhushan Scenic Spot, 26°32'39.69"N, 114°06'34.96"E, 1130 m, 1 
October 2018, leg. Ke-Ke Liu et al.; 2♂, 3♀, Wuzhifeng Scenic Spot, 26°32'48.23"N, 
114°09'10.61"E, 811 m, 2 October 2018, leg. Ke-Ke Liu et al.

Etymology. The specific name is derived from that of a similar species, O. ovoidea 
sp. nov.; adjective.

Diagnosis. The new species differs from O. ovoidea sp. nov. by the relatively longer 
spine-like tip of embolus (Figs 18D, 20) (vs. short, hook-shaped), the straight broad ret-
rolateral tegular apophysis (Figs 18D, 20) (vs. thin, clavate) and by the relatively broader 
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Figure 18. Otacilia subovoidea sp. nov., male holotype A habitus, dorsal view B same, ventral view 
C palp, prolateral view D same, ventral view e same, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm 
(C–e). Abbreviations: dTA – distal tegular apophysis, E – embolus, FA – femoral apophysis, RTA – ret-
rolateral tibial apophysis, rTA – retrolateral tegular apophysis, SD – sperm duct.

bar-shaped median septum (Fig. 19C) (vs. funnel-shaped, anteriorly broad, posteriorly 
thin), and the separated spermathecae (Fig. 19D) (vs. touching spermathecae).

Description. Male (holotype). Habitus as in Fig. 18A, B. Total length 3.44, 
carapace 1.69 long, width 1.44 wide. Eye sizes and interdistances: AME 0.10, ALE 
0.10, PME 0.07, PLE 0.11; ALE−AME 0.02, AME–AME 0.06, PLE−PME 0.09, 
PME–PME 0.14, ALE−ALE 0.26, PLE−PLE 0.44, ALE−PLE 0.11, AME−PME 0.11, 



Ke-Ke Liu et al.  /  ZooKeys 947: 1–37 (2020)32

Figure 19. Otacilia subovoidea sp. nov., female paratype A habitus, dorsal view B same, ventral view 
C epigyne, ventral view D epigyne, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbrevia-
tions: B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisa-
tion ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.

ALE−PME 0.19. MOA 0.25 long, front width 0.22, back width 0.29. Chelicerae 
(Fig. 18A, B) with three promarginal (proximal largest, distal smallest) and six ret-
romarginal teeth (distal largest, proximal smallest). Sternum (Fig. 18B) longer than 
wide. Abdomen (Fig. 18A, B) 1.66 long, 1.01 wide. Leg measurements: I 7.00 (1.79, 
0.63, 2.13, 1.69, 0.76); II 5.76 (1.50, 0.58, 1.60, 1.33, 0.75); III 4.30 (1.25, 0.53, 
0.90, 1.03, 0.59); IV 7.48 (2.02, 0.60, 1.84, 2.10, 0.91). Leg spination: femur I with 
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Figure 20. SEM micrographs of Otacilia subovoidea sp. nov., male paratype A palp, prolateral view 
B same, ventral view C same, ventral view, detail of conductor, embolus and tegular apophysis D same, 
retrolateral view F same, retrolateral view, detail of embolus and tegular apophysis. Scale bars: 0.1 mm 
(A, B, D), 20 µm (C), 40 µm (e). Abbreviations: dTA – distal tegular apophysis, E – embolus, FA – femo-
ral apophysis, RTA – retrolateral tibial apophysis, rTA – retrolateral tegular apophysis.

two dorsal spines, femora II−IV with one dorsal spine each; femora I pv1111, II pv11; 
tibiae I v22222222, II v222222; metatarsi I v2222, II pv1222.

Colouration (Figs 18A, B). Carapace yellow, medially with broad dark brown 
mottled markings in the surface. Fovea distinct, black. Chelicerae, endites, labium and 
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sternum yellow brown. Legs yellow, without dark annulation. Abdomen dark brown, 
with pair of round and oval pale spots located in the posterior dorsal scutum and three 
light chevron-shaped stripes in posterior part, and one yellowish transversal stripe in 
front of the anal tubercle.

Palp (Figs 18C−E, 20). Femoral apophysis well-developed, width more than half 
of length. Patella unmodified. Retrolateral tibial apophysis large, longer than tibia, 
sword-like in ventral view, bending inward to the base of cymbium, medial part wid-
ened and slightly curved, with a strong spine-like tip. Sperm duct U-shaped, strongly 
sclerotised, around the base of subterminal apophysis, terminal apophysis and embo-
lus. Subterminal apophysis, straight, broad, as long as embolus, anteriorly widened. 
Terminal apophysis, membranous, fan-shaped, extending to median bulb. Embolus, 
thick, hook-shaped, with a broad base and a blunt tip. Embolus relatively long, thick 
spine like, with broad base and a blunt apex.

Female. Habitus as in Fig. 19A, B. Lighter than males. Total length 3.57, carapace 
1.66 long, 1.46 wide. Eye sizes and interdistances: AME 0.07, ALE 0.07, PME 0.07, 
PLE 0.09; ALE−AME 0.04, AME–AME 0.08, PLE−PME 0.09, PME–PME 0.14, 
ALE−ALE 0.28, PLE−PLE 0.43, ALE−PLE 0.12, AME−PME 0.13, AME−PLE 0.11. 
MOA 0.26 long, front width 0.21, back width 0.27. Abdomen (Fig. 19A, B) 1.80 
long, 1.15 wide. Leg measurements: I 7.12 (1.81, 0.68, 2.21, 1.67, 0.75); II 5.76 
(1.50, 0.58, 1.65, 1.29, 0.74); III 4.91 (1.31, 0.48, 1.14, 1.20, 0.78); IV 7.56 (2.10, 
0.66, 1.85, 2.05, 0.90). Leg spination: tibia II v22222222.

Epigyne (Fig. 19C, D). Epigynal plate mask-like, anterior margin slightly scle-
rotised, transverse, medially with pair of touching hole-shaped copulatory openings, 
posteriorly with bar-shaped median septum, copulatory ducts, connecting tubes and 
spermathecae distinctly visible through integument in intact epigyne. Copulatory 
ducts between copulatory openings and glandular appendages, sloping laterally, proper 
broad, posteriorly with pair of large, oval, transparent bursae. Glandular appendages 
short, partly covered by bursae, located on anterior of connecting tubes. Connecting 
tubes slightly shorter than copulatory ducts, slightly curved backwards. Spermathecae 
sub-spherical, directed medially, separated by mark of median septum. Fertilisation 
duct short, with semi-ovoid base, directed forward.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).

Otacilia xiaoxiica Liu, sp. nov.
http://zoobank.org/CFC851C2-2547-427C-9646-4ACD8B904229
Figure 21

Type material. Holotype: ♂, China: Jiangxi Province, Ji’an City, Jinggangshan Coun-
ty Level City, Huangao Town, Xiaoxi Forest Farm, 26°28'8.4"N, 114°12'36.0"E, 
365 m, 30 May 2017, leg. Ke-Ke Liu et al.

Etymology. The specific name refers to the type locality, Xiaoxi Forest Farm; adjective.
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Figure 21. Otacilia xiaoxiica sp. nov., female holotype A habitus, dorsal view B same, ventral view 
C epigyne, ventral view D epigyne, dorsal view. Scale bars: 0.5 mm (A, B), 0.1 mm (C, D). Abbrevia-
tions: B – bursa, CD – copulatory duct, CO – copulatory opening, CT – connecting tube, FD – fertilisa-
tion ducts, GA – glandular appendage, MS – median septum, SP – spermathecae.

Differential diagnosis. The female of this species differs from these of O. fujiana 
and O. taiwanica (Hayashi & Yoshida, 1993) by the chelicerae with three retromar-
ginal teeth (Fig. 21B) (vs. five in O. fujiana and two, three or four in O. taiwanica) 
and the broad spermathecae medially with indistinct curved (Fig. 21D) (vs. the thin 
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connecting tubes in O. fujiana and O. taiwanica, medially with distinct curve in O. 
taiwanica). Male unknown.

Description. Female. Habitus as in Fig. 21A, B. Total length 4.79, carapace 
1.97 long, 1.68 wide. Eye sizes and interdistances: AME 0.12, ALE 0.12, PME 0.10, 
PLE 0.12; ALE−AME 0.03, AME–AME 0.06, PLE−PME 0.07, PME–PME 0.12, 
ALE−ALE 0.36, PLE−PLE 0.45, ALE−PLE 0.12, AME−PME 0.10, ALE−PME 0.15. 
MOA 0.31 long, front width 0.30, back width 0.32. Chelicerae (Fig. 21A, B) with 
three promarginal (middle largest, distal smallest) and three retromarginal teeth (distal 
largest, proximal smallest). Sternum (Fig. 21B), posteriorly proper blunt. Abdomen 
(Fig. 21A, B) 2.69 long, 1.91 wide. Sternum longer than wide. Leg measurements: I 
10.15 (2.41, 0.71, 3.12, 2.22, 1.63); II 7.95 (2.05, 0.63, 2.43, 1.63, 1.21); III 6.70 
(1.76, 0.61, 1.58, 1.73, 1.02); IV broken. Leg spination: femora I−IV with one dorsal 
spine each; femora I pv111111, II pv11111; patella I rv1; tibiae I v2222222222, II 
v22222222; metatarsi I v2222, II pv1222.

Colouration (Fig. 21A, B). Carapace yellow, with radial, irregular dark stripes 
mediolaterally. Sternum yellow, with yellow-brown margin. Legs yellow, without an-
nulations on tibiae and distal part of femora, patellae and metatarsi. Abdomen brown, 
with abundant yellowish spots in dorsal view.

Epigyne (Fig. 21C, D). Epigynal plate sub-square, anterolaterally with pair of cres-
cent-shaped copulatory openings, medially with broad bar-shaped median septum, 
copulatory ducts and connecting tubes distinctly visible through integument in intact 
epigyne. Copulatory ducts broad, curved, posteriorly with pair of large, oval, transpar-
ent bursae. Glandular appendages relatively long, located on the anterior of connect-
ing tubes. Connecting tube very short, posteriorly almost fused with spermathecae. 
Spermathecae broad, slightly separated at their apex. Fertilisation duct short, directed 
antero-laterally.

Distribution. Known only from the type locality in Jiangxi Province, China (Map 2).
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Abstract
The giant isopod genus Bathynomus A. Milne-Edwards, 1879, is recorded for the first time in Indonesian 
waters, from deep waters off southern Java in the Indian Ocean. Bathynomus raksasa sp. nov. is described 
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Introduction

The genus Bathynomus A. Milne-Edwards, 1879 inhabits the deep sea in the Atlantic, 
Pacific and Indian Oceans, with some species reaching large sizes in excess of 30 cm 
length (Lowry and Dempsey 2006). Nineteen extant species are known in the genus 
(Bruce 1986, Magalhães and Young 2003, Lowry and Dempsey 2006, Boyko et al. 
2008, Shipley et al. 2016, Kou et al. 2017).

Lowry and Dempsey (2006) revised the Indo-West Pacific taxa and recognized 
16 species, of which seven were categorized as “supergiants”; species maturing above 
150 mm and reaching 500 mm in length. Five “supergiant” species occur in the Indian 
and Pacific Oceans: Bathynomus lowryi Bruce & Bussarawit, 2004 (Andaman Sea), B. 
crosnieri Lowry & Dempsey, 2006 (Madagascar), B. keablei Lowry & Dempsey, 2006 
(India, Sri Lanka, Burma), B. kensleyi Lowry & Dempsey, 2006 (Coral Sea, Philip-
pines, South China Sea), and B. richeri Lowry & Dempsey, 2006 (New Caledonia) 
(Lowry and Dempsey 2006). Two other “supergiant” species are known from the west-
ern Atlantic: B. giganteus A. Milne-Edwards, 1879, and B. miyarei Lemos de Castro, 
1978 (Boyko et al. 2008). The new species described here adds another “supergiant” 
Bathynomus from the Indian Ocean to this list, and is the first from Indonesia.

Material and methods

The material was collected by the 2018 South Java Deep Sea Survey (SJADES 2018), 
a joint project between NUS and LIPI, with localities mostly in southern Sumatra 
and Java (Fig. 1). The terminology used and description format follows Lowry and 
Dempsey (2006).

The following acronyms are used: AM – Australian Museum, Sydney; LIPI – Lem-
baga Ilmu Pengetahuan Indonesia (Indonesian Institute of Sciences); MZB – Mu-
seum Zoologicum Bogoriense, Indonesia; NUS – National University of Singapore; 
SJADES – South Java Deep Sea Expedition; ZRC – Zoological Reference Collection 
of the Lee Kong Chian Natural History Museum, National University of Singapore.

taxonomy

Suborder Cymothoida Wägele, 1989
Family Cirolanidae Dana, 1852

Genus Bathynomus A. Milne-Edwards, 1879

Restricted synonymy. A. Milne-Edwards, 1879: 21.— Bruce 1986: 126.— Kensley 
and Schotte 1989: 129.— Lowry and Dempsey 2006: 168.
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Figure 1. Distribution of Bathynomus raksasa sp. nov. and Bathynomus sp. in Indonesian waters.

Remarks. The taxonomy of Bathynomus has been reviewed by Bruce (1986), 
Magalhães and Young (2003), with most recently by Lowry and Dempsey (2006). 
Two new species were added by Shipley et al. (2016) and Kou et al. (2017). The most 
recent review on Bathynomus fossils was done by Hyžný et al. (2019).

Type species. Bathynomus giganteus A. Milne-Edwards 1879; by monotypy.

Bathynomus raksasa sp. nov.
http://zoobank.org/84D71359-90FB-4CC6-856F-B96402F23211
Figs 2–5

Material examined. Holotype, male, 363 mm; Indonesia, Sunda Strait (between Su-
matra and Java); 6°00.828'S, 104°49.428'E; 26 Mar. 2018; SJADES exped.; station 
CP 13, beam trawl 1259 m; MZB Cru.Iso 097. Paratype, female, 298 mm; Indone-
sia, Indian Ocean (East of Tinjil Island); 6°59.778'S, 105°55.224'E; 28 Mar. 2018; 
SJADES exped.; station CP 28, beam trawl 957 m; ZRC 2020.0015.

Comparative material. Bathynomus giganteus A. Milne-Edwards, 1879 – 1 male, 
354 mm; U.S.A., Virginia, 100 miles off Virginia Beach; 36.483N, 74.8W; 30 May 
1962; 73 m depth; ZRC 2014.0837. Bathynomus doederleini Ortmann, 1894 – 6 males, 
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100, 120, 120, 128, 136, 145 mm; 7 females, 88, 90, 94, 130, 130, 138, 145 mm; 3 
juveniles; Taiwan; AM P68684. 1 male, 125 mm; 1 female, 85 mm; 4 juveniles; Taiwan, 
Tashi port; 1990s; P. K. L. Ng leg.; deep-water; ZRC 1998.417. Bathynomus sp. – 1 
subadult, not sexually mature, pereopod 7 not fully developed, 107 mm; Indonesia, In-
dian Ocean (East of Tinjil Island); 6°56.664'S, 105°55.315'E; 28 Mar. 2018; SJADES 
exped.; station CP 26, beam trawl 517 m; MZB Cru.Iso 098. 1 juvenile; Indonesia, 
Sunda Strait (between Tabuan Island and Sumatra); 5°45.126'S, 104°51.080'E; 25 Mar. 
2018; SJADES exped.; station CP 08, beam trawl 442 m; ZRC 2020.0016. 2 juveniles, 
60, 63 mm; Indonesia, Indian Ocean (Pelabuhan Ratu Bay); 7°01.116'S, 106°26.421'E; 
3 Apr. 2018; SJADES exped.; station CP 55, beam trawl 379 m; ZRC 2020.0017.

Type-locality. Indonesia, Sunda Strait: between Sumatra and Java, 06°00.828'S, 
104°49.428'E.

Diagnosis. Narrowly rounded clypeus apex (Fig. 2C); prominent longitudinal ca-
rina on clypeus (Fig. 2C); convex lateral margins of uropodal exopod and endopod 
(Fig. 3D, E); produced distolateral corners of uropodal exopod and endopod with 
acute tips (Fig. 3D, E); uropodal exopod with medium-length setal fringe (69%) (Fig. 
3D, E); pleotelson 1.6 times wider than long with posterior margin medially concave 
(Fig. 2D); 11–13 spines on pleotelson (Fig. 2D).

Description of holotype male. Body (Fig. 2A) 363 mm long, 155 mm wide at 
pereonite 5, length 2.3 times width. Head (Fig. 2B) with ridge above eyes discontinu-
ous; clypeus (Fig. 2C) with prominent longitudinal carina, distal margins slightly con-
cave, apex narrowly rounded.

Antenna 2 (Fig. 2A, E) flagellum extending to end of pleonite 2.
Pereopod 1 (Fig. 3A) ischium with 2 posteroproximal robust setae, 2 robust setae 

on posterodistal margin; merus with 4 short robust setae on anterodistal angle, pos-
terior margin with 4 robust setae in proximal row and 2 robust setae in distal row; 
propodus length 2.3 times width, with 5 robust setae on posterior margin. Pereopod 
2 (Fig. 3B, C) ischium with 3 robust setae on posterior margin and 2 robust setae on 
posterodistal margin; merus with 7 short robust setae on anterodistal angle, postero-
medial margin with 3 robust setae in proximal row and 2 robust setae in distal row; 
propodus with 4 robust setae on posterior margin. Pereopod 7 coxa (Fig. 2F) distally 
attenuated, curved posteriorly.

Pleonite 3 (Fig. 2F) not extending beyond pleonite 5.
Uropod (Figs 2D, 3D, E) not extending beyond pleotelson; peduncle with 3 robust 

setae; exopod and endopod with smooth lateral and distal margins; exopodal lateral 
margin convex with 10 robust setae along margin, setal fringe medium to continuous in 
length (69%), medial margin straight, distomedial corner rounded, distal margin convex 
with 5 robust setae, distolateral corner slightly produced, acute; endopodal lateral margin 
convex, distally sinuate, with 4 robust setae; medial margin straight; distomedial corner 
rounded; distal margin straight with 11 robust setae; distolateral corner produced, acute.

Pleotelson (Fig. 2D) broader than long, 1.6 times as wide as length, posterior 
margin medially concave, smooth (minute pores), conspicuous longitudinal carina on 
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Figure 2. Bathynomus raksasa sp. nov., holotype male (363 mm) (MZB Cru.Iso 097), Indonesia A dorsal 
view B cephalon, anterior view C clypeal region D pleotelson e body, lateral view F pereon, lateral view. 
Scale bars: 5 cm (A, D, e);1 cm (B, C, F).

dorsal surface, with 11 distal and 2 lateral straight acute prominent spines along distal 
margin, without setae between spines, central distal spine simple.

Female. Similar to male.
Variation. Robust setae count on female as follows: exopodal lateral margin with 

7–10 robust setae, distal margin with 4 or 5, endopodal lateral margin with 3–5 and 
distal margin with 8–10; pleotelson with 9 distal and 2 lateral straight acute prominent 
spines along distal margin.

Etymology. The epithet is the Indonesian word “raksasa” for giant, alluding to its 
enormous size and the significance of the find. The name is used as a noun in apposition.
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Figure 3. Bathynomus raksasa sp. nov., holotype male (363 mm) (MZB Cru.Iso 097), Indonesia A pereo-
pod 1 B pereopod 2 C pereopod 2 merus, posterolateral margin D uropod, ventral view e uropod, dorsal 
view. Scale bars: 1 cm (A, B, D, e); 0.5 cm (C).
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Remarks. Bathynomus raksasa sp. nov. can be readily identified by its large size 
(330 mm on average), narrowly rounded clypeus apex, produced and acute distolateral 
corners of uropodal rami, wider rather than long pleotelson with medially concave 
posterior margin and the presence of 11–13 pleotelson spines. Bathynomus raksasa sp. 
nov. is the sixth “supergiant” species from the Indo-West Pacific and is one of the larg-
est known members of the genus.

In general appearance, B. raksasa sp. nov. is most similar to B. giganteus and B. low-
ryi. All three are large, averaging 300 mm in length, possess a prominent longitudinal 
carina on the dorsal surface of the pleotelson and have acute spines on the distal mar-
gin of the pleotelson. The new species is closest to B. giganteus, sharing the relatively 
medium length of antenna 2 (reaching to between the posterior of pereonite 2 and an-
terior of pereonite 3), lateral and posterior shape of the uropodal exopod and endopod, 
and the pleotelson spine count. Bathynomus raksasa sp. nov., however, differs markedly 
from B. giganteus by its more conspicuous longitudinal carina on the clypeus ventral 
surface (Fig. 4A) (vs. less conspicuous in B. giganteus; Fig. 4B), absence of a transverse 
carina on the anterior of the head (Fig. 4C) (vs. carina present in B. giganteus; Fig. 4D), 
the relatively shorter uropodal endopod (0.12 total body length, Fig. 4E) (vs. relatively 
longer, 0.15 body length in B. giganteus; Fig. 4F), the body surface, including that of 
the pleotelson, being covered with small low granules and smooth to the touch (Fig. 
5A) (vs. granules more prominent and the surfaces distinctly rough in B. giganteus; Fig. 
5B), the almost flat posterior ventral surface of the pleotelson (Fig. 5C) (vs. surface 
distinctly concave in B. giganteus; Fig. 5D), the straight spines of pleotelson (Fig. 5E) 
(vs. gently curved upwards in B. giganteus; Fig. 5F), the pleotelson is broader than long 
(Fig. 5A) (vs. as long as broad in B. giganteus, Fig. 5B), and the posterior margin of the 
pleotelson is broad and medially concave (Fig. 5A) (vs. broadly rounded in B. gigan-
teus, Fig. 5B). Bathynomus raksasa sp. nov. can easily be distinguished from B. lowryi in 
possessing a relatively longer antenna 2 which reaches to the ends of pereonite 2 (vs. 
shorter antenna 2 which reaches only to the anterior part of pereonite 2 in B. lowryi), 
the narrowly rounded clypeus apex (vs. apex truncate in B. lowryi), straight pleotelson 
spines (vs. spines upwardly curved in B. lowryi) and the larger number (13) of robust 
setae on the pleotelson (vs. 9 in B. lowryi) (Bruce and Bussarawit 2004: figs 1, 6).

Bathynomus raksasa sp. nov. shares the same general uropodal exopod and endopod 
shape as B. crosnieri, B. kensleyi and B. richeri but can easily be distinguished from 
them in its possession of a conspicuous longitudinal carina on the dorsal surface of the 
pleotelson (Fig. 5A). Although the number of spines on the margin of the pleotelson 
(at least 11) is similar to those of B. crosnieri and B. richeri, the presence of the longi-
tudinal ridge on the pleotelson easily separates B. raksasa sp. nov. from these species. 
Bathynomus raksasa sp. nov. also has the same number of spines on the margin of the 
pleotelson but can easily be distinguished from B. keablei in having the distolateral 
corners of the uropodal exopod and endopod distinctly produced (Fig. 3D, E) (vs. 
rounded and not produced in B. keablei; see Lowry and Dempsey 2006: fig. 17).

The appendix masculina is absent on the holotype male of B. raksasa sp. nov. (Fig. 
5G) but this is almost certainly not a species-character. It is known to be sometimes 
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Figure 4. A, C, e Bathynomus raksasa sp. nov. holotype male (363 mm) (MZB Cru.Iso 097), Indonesia 
B, D, F B. giganteus male (354 mm) (ZRC 2014.0837), Caribbean A, B clypeus ventral surface C, D an-
terior of head e, F body, ventral view.
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absent in B. doederleini from Taiwan (present study); with five out of seven males below 
the size of 130 mm lacking it. The largest males of B. doederleini (136–145 mm) pos-
sess appendix masculina. The absence or presence of appendix masculina has been pre-
viously used by Soong and Mok (1994) to determine the maturity of males of Bathyno-
mus doederleini; “mature males” were males with appendix masculina and “maturing 
males” were those without appendix masculina and testes. Barradas-Ortiz et al. (2003) 
reported that some adult males of B. giganteus from Brazil (mostly smaller specimens 
below 290 mm) lacked appendix masculina, especially in summer. They suggested that 
these smaller males might have been less reproductively active in summer and/or the 
appendix masculina may be a non-permanent organ which is lost or regrown when 
the animals moult (Barradas-Ortiz et al. 2003). Barradas-Ortiz et al. (2003) also noted 
that larger male specimens of B. giganteus tend to keep the organ for longer periods 
than smaller ones, although even large individuals (310 mm) sometimes do not possess 
the structure. We cannot be certain that either of the patterns above apply to B. raksasa 
sp. nov. as only one male was collected. The appendix masculina (Fig. 5H) is present on 
the large male American specimen of B. giganteus (ZRC 2014.0837) examined here.

The SJADES cruise also obtained four juvenile and subadult specimens from 
southern Java (here identified as Bathynomus sp.) (Fig. 6) which we are unable to iden-
tify to the species level, especially as the diagnostic characters may not be developed. 
They are clearly not Bathynomus raksasa sp. nov. with a different pleotelson spination, 
shapes of pleotelson and uropodal rami. The largest specimen in the lot (107 mm) has 
an almost fully-developed pereopod 7 which indicates that the adult would not be 
too much larger in size. This, along with the presence of setae between the pleotelson 
spines, suggest that this species belongs to the “giant” group. The number of spines on 
the posterior margin of the pleotelson ranges between 5+2, 7+2 and 9+2. Soong and 
Mok (1994) used the development of pereopod 7 as one of the characters to classify the 
development stages of Bathynomus doederleini. According to Soong and Mok (1994), 
individuals with “small, white” pereopod 7 and lacking either oostegites or penes and/
or appendix masculina were categorised as “subadult I” which equals to stage 2 of five 
development stages they proposed. However, we will not apply this approach to Bath-
ynomus sp. because of the limited specimen number.

Bathynomus sp. superficially resembles the poorly known Bathynomus affinis Rich-
ardson, 1910, described from the Philippines from one specimen. There is, however, a 
problem with what has been identified as “Bathynomus affinis” by Lowry and Dempsey 
(2006: 169, figs 2, 3), who listed among their material, the type from the Philippines 
as well as two females from the Arafura Sea, providing figures of the latter. Bruce 
(1986: fig. 87A–E) had earlier figured the uropods, and pereopods 1 and 3 of the type 
specimen (sex not specified). The problem is that the distolateral corners of uropodal 
rami of the holotype from the Philippines is distinctly acute and curved (Bruce 1986: 
fig. 87A–C) whereas that of Lowry and Dempsey (2006: fig. 3D, E) from the Arafura 
Sea is distinctly wider and not produced. Significantly, Richardson’s (1910: fig. 1) fig-
ures of the uropods are the same as those by Bruce (1986). The material from Arafura 
Sea are thus unlikely to be B. affinis s. str.
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Figure 5. A, C, e, G Bathynomus raksasa sp. nov. holotype male (363 mm) (MZB Cru.Iso 097), Indo-
nesia B, D, F, h B. giganteus male (354 mm) (ZRC 2014.0837), Caribbean A, B pleotelson dorsal view 
C, D pleotelson posterior view e, F pleotelson lateral view G, h pleopod 2.
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Our material of Bathynomus sp. from Java resembles the “B. affinis” of Lowry and 
Dempsey (2006) in possessing the same relative length of antenna 2 (reaching between 
pereonites 3 and 4), straight clypeus distal margins, the setal fringe on the uropodal 
exopod is long and continuous (± 90%), and similar pleotelson spine count (5+2, 7+2 
and 9+2). The marked difference in the form of the uropodal endopod distolateral 
corner, however, indicates they are not conspecific. In addition, the uropod of Bath-
ynomus sp. reaches to the end of the pleotelson (Fig. 6D) (vs. slightly extended beyond 
the pleotelson; Lowry and Dempsey 2006: fig. 2F) and the pleotelson central spine is 
weakly bifid (Fig. 6C) (vs. simple; Lowry and Dempsey 2006: fig. 2F). The uropods 
of our material from Java agree very well with the figures by Richardson (1910) and 
Bruce (1986), but until a complete redescription of the holotype of B. affinis is done 
and more character states are known, we are not certain if they are actually conspecific.

Bathynomus sp. differs from B. pelor Bruce, 1986 (from northwestern Australia) in 
having a longer antenna 2 that reaches to the middle of pereonite 4 (Fig. 6E) (vs. mid-
dle of pereonite 2; Bruce 1986: fig. 91A), weakly bifid pleotelson central spine (Fig. 
6C) (vs. strongly bifid; Bruce 1986: fig. 91B), and the conspicuous longitudinal carina 
on the pleotelson (Fig. 6D) (vs. inconspicuous; Bruce 1986: fig. 91C). Both species 
share similar shape of uropodal rami with more acute and curved distolateral corner 
on the endopod of Bathynomus sp. (Fig. 6A, B) (vs. less acute and curved; Bruce 1986: 
fig. 91D). It differs from B. immanis Bruce, 1986, in the slightly concave lateral of 
uropodal exopod (Fig. 6A, B) (vs. strongly concave; Bruce 1986: fig. 90C, D), greater 
length of fringing setae (± 80%) on the lateral uropod exopod (Fig. 6A, B) (vs. 66%; 
Bruce 1986: fig. 90C, D) and the weakly bifid pleotelson central spine (Fig. 6C) (vs. 
simple; Bruce 1986: fig. 89 D). The two species together with B. doederleini share simi-
lar uropodal endopod shapes (Fig. 6A, B).

Bathynomus sp. shares with B. kapala Griffin, 1975 (from Australia) a similar bifid 
central pleotelson spine but can easily be distinguished by its relatively longer antenna 
2 (Fig. 6E) (middle of pereonite 4 vs. within pereonite 3; Lowry and Dempsey 2006: 
fig. 14 C), the straight head ridge (Fig. 6F) (vs. curved; Lowry and Dempsey 2006: 
fig. 14 D), a narrowly rounded clypeus apex (6G) (vs. broadly rounded; Lowry and 
Dempsey 2006: fig. 14 E), with only one row of fringing setae on the anterior margin 
of the basis of pereopod 7 (Fig. 6H) (vs. with two rows; Lowry and Dempsey 2006: 
fig. 23 F) and the uropodal endopod distolateral margin is subacute and only slightly 
produced (Fig. 6A, B) (vs. not produced; Lowry and Dempsey 2006: fig. 15 D, E).

Compared to B. doederleini, Bathynomus sp. has pereopod 7 coxa more slender 
(Fig. 6I) (vs. relatively broader; Lowry and Dempsey 2006: fig. 10B), there is one row 
of fringing setae on the anterior margin of the basis of pereopod 7 (Fig. 6H) (vs. with 
two rows; Lowry and Dempsey 2006: fig. 23D), and the lengths of the pleotelson 
spines are similarly sized (Fig. 6D) (vs. uneven; Lowry and Dempsey 2006: fig. 10F).

Distribution. Sunda Strait and Indian Ocean, South Java, Indonesia; at depths of 
957–1259 m.
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Figure 6. Bathynomus sp. (107 mm) (MZB Cru.Iso 098), Indonesia A uropod, ventral view B uropod, 
dorsal view C pleotelson central spine D pleotelson e length of antenna 2 F cephalon, anterior view 
G clypeal region h pereopod 7, ventral view I pereopod 7 coxa.
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Abstract
The pauropod family Colinauropodidae Scheller, 1985 is recorded from China for the first time. Three 
new species of the genus Colinauropus Remy, 1956 are described: Colinauropus chinensis sp. nov. and C. 
chongzhoui sp. nov. from Jiangsu Province, and C. foliosus sp. nov. from Sichuan Province. They can be 
easily separated from similar species by the number and the shape of sclerotized plates on the tergites, setae 
on the body and the anal plate. A key for all species of the genus is provided.

Keywords
anal plate, bothriotricha, pauropod, sclerotized plate, taxonomy

Introduction

The family Colinauropodidae Scheller, 1985 includes the single genus Colinauropus 
Remy, 1956 and contains three species in the world: Colinauropus regis Remy, 1956 
from Réunion and Mauritius (Remy 1956, 1959), C. schelleri Hagino, 1991 from 
Japan (Hagino 1991, 2005), and C. haginoi Scheller, 2009 from Philippines (Schel-
ler, 2009). Their most charming character lies in the tergites which split into several 
distinctly sclerotized plates of irregular shape (Scheller 2011).
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In the original description, the genus Colinauropus was considered to be affili-
ated with species of the family Brachypauropodidae Silvestri, 1902 according to the 
fragmented tergites and the shape of anal plate (Remy 1956). Its taxonomic posi-
tion was reconsidered and placed in the family Pauropodidae Lubbock 1867, under 
the new subfamily Colinauropodinae, which was supposed to be closely related to 
the subfamily Scleropauropodinae (Scheller 1985). In the latest classification sys-
tem, the subfamily Colinauropodinae was upgraded to family Colinauropodidae 
(Scheller 2009, 2011).

The purposes of this study are 1) to record the occurrence of family Colinauro-
podidae Scheller, 1985 in China for the first time; 2) to describe three new species 
of the genus Colinauropus Remy, 1956 from China; 3) to give a key to the species 
of the genus.

Materials and methods

All pauropods were collected using a Tullgren’s funnel. The specimens were sorted un-
der a stereomicroscope and preserved in 80% alcohol. They were mounted on slides 
using Hoyer’s solution and dried in an oven at 50 °C. Observations were performed 
under a phase contrast microscope (Leica DM 2500). Photos were taken using a 
digital camera (Leica DMC 4500). Line drawings were made using a drawing tube. 
All specimens were deposited in the collection maintained by the Shanghai Natural 
History Museum.

Abbreviations used in the descriptions follow Qian et al. (2018). Absolute lengths 
of all other body parts are given in mm and µm. Otherwise, the text refers to relative 
lengths. For the description of the new species, measurements and indices of paratypes 
are given in brackets.

Results

Taxonomy

Family Colinauropodidae Scheller, 1985

Genus Colinauropus Remy, 1956

Type species. Colinauropus regis Remy, 1956.
Diagnosis. Body fusiform; head and pygidium free; tergites divided into scle-

rotized coarse plates, partly of irregular shape; stalk of antennal globulus g shorter 
than globulus itself; adults with first and last pair of legs 5-segmented, remaining pairs 
6-segmented; pygidial sternum with two pairs of setae b1+b2 (Scheller 2011).

Distribution. Ethiopian, Palaearctic, and Oriental regions.
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Colinauropus chinensis sp. nov.
http://zoobank.org/DFA53888-8023-4745-B84C-82E51BCB5E57
Figures 1‒3

Material examined. Holotype, female adult with 9 pairs of legs (slide no. JS-WX-
PA2017033), China, Jiangsu Province, Wuxi City, Daji Mountain, extracted from 
soil samples in bamboo forest, elev. 5 m, 31°32'N, 120°12'E, 9-X-2017, coll. Y. Bu. 
Paratypes, 2 female adults with 9 pairs of legs (slides no. JS-WX-PA2017031, JS-WX-
PA2017032), same data as holotype; 1 female adult with 9 pairs of legs (slide no. JS-
WX-PA2018006), same locality as holotype, 9-X-2018, coll. Y. Bu.

Diagnosis. Colinauropus chinensis sp. nov. is characterized by the cylindrical, an-
nulate setae on head, antennae and tergites; tergite I without distinct sclerotized plates; 
tergite II with 2 large and 4 small sclerotized plates; tergites III–V each with 4 large and 
4 small plates; tergite VI with 2 large plates; seta st on tergum of pygidium cylindrical; 
bothriotrichum T3 with thicker axis and dense tufted pubescence distally.

Description. Adult body length (0.88–) 0.96 (–0.98) mm (N = 4); body white-
yellow in alcohol, sclerotized plates on tergites brown (Fig. 2A).

Head (Figs 1A, 2D). Dorsal setae cylindrical, annulate, first and second rows 
shorter than posterior rows. Relative lengths of setae, 1st row: a1 = 10, a2 = 8 (–9); 2nd 
row: a1 = 13 (–14), a2 = 7 (–9), a3 = 7; 3rd row: a1 = (18–) 20, a2 = (23–) 24; 4th row: 
a1 = 16 (–17), a2 = 16 (–17), a3 = 22 (–25), a4 = 14 (–16); lateral group setae l1 =21 
(–26), l2 = 26 (–31), l3 = 29 (–35); the ratio a1/a1–a1 in 1st row 0.7 (–0.9), 2nd row 0.5, 
3rd row1.2 and 4th row 0.7 (–0.8). Temporal organs oval in dorsal view, their length 0.8 
of their shortest distance apart. Pistil present. Head cuticle faintly granular.

Antennae (Figs 1E, 2B, C). Antennal segments 1–3 with 2, 2, 3 short, cylindrical, 
annulate setae respectively, and 1 rudimentary setae present on segment 3. Antennal 
segment 4 with 4 cylindrical setae; relative lengths of setae: p = 10, p’ = 6, p’’ = 5, 
r = 5; tergal seta p (1.3–) 1.4 times as long as tergal branch t; the latter cylindrical, 1.7 
(–1.8) times as long as its greatest diameter and 0.8 of sternal branch s, which itself is 
1.6 times as long as its greatest diameter. Seta q cylindrical, annulate, 0.9 of s. Relative 
lengths of flagella (base segments included) and base segments: F1 = 100, bs1 = 8 (–11); 
F2= (41–) 49, bs2 = (5–) 6; F3 = (84–) 92, bs3 = 9 (–10). F1 (6.6–) 7.2 times as long as t, 
F2 and F3 (2.3–) 2.7 and (4.8–) 5.1 times as long as s respectively. Distal calyces spheri-
cal; apex of flagella fusiform, with a short lateral flap. Globulus g 1.7 times as long as 
wide; about 12 bracts, capsule spherical; width of g (0.5–) 0.6 of the greatest diameter 
of t. Antennal cuticle granulated.

Trunk. Setae on collum segment cylindrical, annulate; sublateral setae length 
(20–) 22 µm, (1.9–) 2.0 times as long as submedian setae; sternite process triangular, 
furcate and granulated; appendages barrel shaped (Fig. 2E). Tergite I with 4+4 short, 
cylindrical setae (14–15 µm), posteriorly with two patches of thickened cuticles but 
not form distinct sclerotized plates (Fig. 2F); Tergite II with 6+6 setae (9–20 µm), 4 
small anterior and 2 large posterior sclerotized plates (Figs 1B, 2G); Tergites III–V 
each with 6+6 setae (9–21 µm), 4 large and 4 small sclerotized plates (Fig. 2H–J); Ter-
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Figure 1. Colinauropus chinensis sp. nov. A head, dorsal view, right side B tergite II, right side C T5 D T3 
e right antenna, tergal view F tergum of pygidium G sternum of pygidium and anal plate. Scale bars: 20 µm.
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Figure 2. Colinauropus chinensis sp. nov. A habitus, tergal view B F1 and F3 of right antenna C globulus 
and F2 of right antenna D head, dorsal view e collum segment, sternal view F tergite I G tergite II h ter-
gite III I tergite IV J tergite V K tergite VI and tergum of pygidium l sternum of pygidium and anal plate. 
Scale bars: 100 µm (A); 20 µm (B–l).
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gite VI with 4+2 setae and 2 large plates (Fig. 2K), posterior setae 10 (–11) µm long, 
their mutual distance 20 (–23) µm (Fig. 2K). Sclerotized plates with dense, brown 
granules, diameter 1.5–3.2 µm (Fig. 1B). Other areas of cuticle on tergites with pale 
and fine granules.

Bothriotricha. Relative lengths: T1 = 100, T2 = (110–) 117, T3 = (122–) 128, 
T4 =133(–140), T5 = (167–) 178. T1, T2, T4 and T5 long, with short erect and oblique 
pubescence on axis (Fig. 1C). T3 with thicker axis and dense tufted pubescence dis-
tally (Fig. 1D).

Legs. First and last pair of legs 5-segmented, others 6-segmented (Fig. 3A–C). 
Setae on coxa and trochanter of legs 1–8 cylindrical, annulate (Fig. 3A, C), length 
13 (–14) µm and 18 (–20) µm respectively. Setae on coxa of leg 9 cylindrical, an-
nulate, length (15–) 17 µm (Fig. 3B, D). Setae on trochanter of leg 9 furcate, with 
subcylindrical, annulate, blunt branches, shorter one about (0.6–) 0.7 of longer one 
(Fig.  3B, D). Tarsi 1–8 with short, annulate distal seta (6 µm) only (Fig. 3A, C). Tar-
sus of leg 9 tapering, 35 µm in length, 3.2 (–3.5) times as long as its greatest diameter 
(Fig. 3B), proximal seta slender, pointed, striate, 10 (–13) µm in length; distal seta 
cylindrical, annulate, 6 (–7) µm in length, about 0.2 of the tarsal length. Cuticle of 
tarsus pubescent.

Pygidium. Tergum. Posterior margin waved. Relative lengths of setae: a1 = 10, 
a2 = 13, a3 = 15, st = 10 (–12). Setae distinctly differentiated, a1 short, clavate, pubes-
cent; a2 and a3 slender and pubescent (Figs 1F, 2K); st thick and pubescent (Figs 1G, 
2K). Distance a1–a1 as same long as a1; distance a1–a2 2.0 (–2.5) times as long as 
a2–a3; distance st–st (1.5–) 1.6 times as long as st and 1.6 (–1.8) times as long as 
distance a1–a1.

Sternum (Figs 1G, 2L). Posterior margin with a deep indention between b1. Rela-
tive lengths of setae (a1 =10): b1 = 33(–35), b2 =13 (–15). Seta b1 cylindrical, thick and 
annulate; b2 slender and short, pubescent. Distance b1–b1 (0.7–) 0.8 of length of b1; 
distance b1–b2 (0.7–) 0.9 of b2.

Anal plate linguiform, glabrous, 2.0 times longer than broad, lateral margins con-
cave in anterior part, posterior margin with three small lobes; two pairs of appendages 
present: inner one tiny and conical; outer one cylindrical and longer, (0.4–) 0.5 of the 
length of plate and with short pubescence (Figs 1G, 2L).

Etymology. The species is named after China where the type specimens 
were collected.

Distribution. China (Jiangsu). Only known from the type locality.
Remarks. Colinauropus chinensis sp. nov. is most similar to C. haginoi Scheller, 

2009 from Philippines in the similar shape of the anal plate and absence of scle-
rotized plates on tergite I. They can be easily distinguished by the number of scle-
rotized plates on tergites II and VI (6 and 2 in C. chinensis sp. nov., vs. 8 and 4 in C. 
haginoi), length of setae on collum segment (sublateral setae 1.9–2.0 times as long 
as submedian setae in C. chinensis sp. nov. vs. 3.2 times in C. haginoi), and the shape 
of T3 (subcylindrical, not clavate in C. chinensis sp. nov. vs. proximal half distinctly 
clavate in C. haginoi).
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Figure 3. Colinauropus chinensis sp. nov. A leg 1 B leg 9 C leg 4 D coxa and trochanter of leg 9. Scale 
bars: 20 µm.

Colinauropus chongzhoui sp. nov.
http://zoobank.org/9DB912C3-DB79-4AC1-8649-AAAC2985E274
Figures 4‒6

Material examined. Holotype, female adult with 9 pairs of legs (slide no. JS-WX-
PA2018007), China, Jiangsu Province, Wuxi City, Daji Mountain, extracted from 
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soil samples in bamboo forest, elev. 5 m, 31°32'N, 120°12'E, 8-X-2018, coll. Y. Bu. 
Non-type specimens, 1 juvenile with 8 pairs of legs (slides no. JS-WX-PA2017034), 
2 juveniles with 6 pairs of legs (slides no. JS-WX-PA2018008, JS-WX-PA2018009), 
same data as holotype.

Diagnosis. Colinauropus chongzhoui sp. nov. is characterized by the slender, annu-
late-striate setae on head, antennae and tergites; tergite I with 1 large sclerotized plate; 
tergite II with 6 small and 2 large sclerotized plates; tergites III–V each with 4 large 
and 4 small plates; tergite VI with 2 large plates; seta st on tergum of pygidium clavate; 
bothriotrichum T3 brush-shaped, with branched pubescence distally.

Description. Adult body length 0.97 mm (N = 1); body white-yellow in alcohol, 
sclerotized plates on tergites brown (Fig. 5A).

Head (Figs 4A, 5C). Dorsal setae short, cylindrical, annulate-striate, except seta a3 
of second row which is slender and tapering. Relative lengths of setae, 1st row: a1 = 10, 
a2 = 10; 2nd row: a1 = 8, a2 = 14, a3 = 14; 3rd row: a1 = 9, a2 =10; 4th row: a1 = 12, a2 = 14, 
a3 = 21, a4 = 12; lateral group setae l1 =23, l2 = 21, l3 = 19; the ratio a1/a1–a1 in 1st row 
1.5, 2nd row 0.6, 3rd row 0.9 and 4th row 0.7. Temporal organs oval in dorsal view, their 
length 1.1 times as long as their shortest distance apart. Pistil present. Head cuticle 
with dense granules.

Antennae (Figs 4E, 5B). Antennal segments 1–3 with 2, 2, 3 short, cylindrical, 
annulate setae respectively, and 1 rudimentary seta present on segment 3. Antennal 
segment 4 with 4 cylindrical setae and rudimentary seta u; relative lengths of setae: 
p = 10, p’ = 6, p’’ = 6, r = 6, u = 1; tergal seta p 1.1 times as long as tergal branch t; the 
latter cylindrical, 2.2 times as long as its greatest diameter and 0.9 of sternal branch 
s, which itself is 1.9 times as long as its greatest diameter. Seta q cylindrical, annulate, 
1.3 times as long as s. Relative lengths of flagella (base segments included) and base 
segments: F1 = 100, bs1 = 10; F2 = 52, bs2 = 5; F3 = 88, bs3 = 9. F1 6.4 times as long as 
t, F2 and F3 2.9 and 4.9 times as long as s respectively. Distal calyces spherical; apex of 
flagella fusiform, with a short lateral flap. Globulus g 1.7 times as long as wide; about 
12 bracts, capsule spherical; width of g 0.5 of the greatest diameter of t. Antennal cu-
ticle densely granulated.

Trunk. Setae on collum segment cylindrical, annulate; sublateral setae length 
23 µm, 2.1 times as long as submedian setae; sternite process triangular, furcate and 
granulated; appendages cylindrical and tapering (Fig. 5D). Tergite I with 4+4 cylin-
drical setae (12–13 µm) and 1 large sclerotized plate (Fig. 5E) (2 plates in juveniles, 
Fig. 5F); Tergite II with 6+6 setae (12–23 µm), 6 small anterior and 2 large posterior 
sclerotized plates (Figs 4B, 5G); Tergites III–V each with 6+6 setae (6–27 µm), 4 
large and 4 small sclerotized plates (Fig. 5H–J); Tergite VI with 4+2 setae and 2 large 
plates (Fig. 5K), posterior setae 23 µm long, their mutual distance 18 µm (Fig. 5K). 
Sclerotized plates with dense, brown granules, diameter 2–4 µm, and each granule 
with one short straight apical hair (Fig. 4B). Other areas of cuticle on tergites with 
coarse granules.
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Figure 4. Colinauropus chongzhoui sp. nov. A head, dorsal view, right side B tergite II, right side C T5 
D T3 e right antenna, tergal view F tergum of pygidium G sternum of pygidium and anal plate. Scale 
bars: 20 µm.
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Figure 5. Colinauropus chongzhoui sp. nov. A habitus, tergal view B left antenna, sternal view C head, 
dorsal view D collum segment, sternal view e tergite I of adult F tergite I of juvenile G tergite II h tergite 
III I tergite IV J tergite V K tergite VI. Scale bars: 100 µm (A); 20 µm (B–K).

Bothriotricha. Relative lengths: T1 = 100, T2 = 113, T3 = 86, T4 =118, T5 = 167. 
T1, T2, T4 and T5 thin, long, with short erect or oblique pubescence on axis (Fig. 4C). 
T3 brush-shaped, with thicker axis and branched pubescence in distal 2/3 (Figs 4D, 6E).

Legs. First and last pair of legs 5-segmented, others 6-segmented. Setae on coxa and 
trochanter of legs 1–8 cylindrical, annulate, length 13–15 µm and 16–20 µm respective-
ly (Fig. 6D). Setae on coxa of leg 9 cylindrical, annulate, length 12 µm (Fig. 6C). Seta 
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Figure 6. Colinauropus chongzhoui sp. nov. A sternum of pygidium and anal plate B tarsus of leg 9 
C coxa and trochanter of leg 9 D coxa and trochanter of leg 1 e T3. Scale bars: 20 µm.

on trochanter of leg 9 furcate, with two subcylindrical, annulate, blunt branches, shorter 
one about 0.5 of longer one (Fig. 6C). Tarsi 1–8 with short annulate distal seta (8 µm) 
only. Tarsus of leg 9 tapering, 40 µm in length, 3.6 times as long as its greatest diameter 
(Fig. 6B), proximal seta slender, pointed, striate, 11 µm in length; distal one cylindrical, 
annulate, 9 µm in length, about 0.2 of the tarsal length. Cuticle of tarsus pubescent.

Pygidium. Tergum. Posterior margin blunt triangular. Relative lengths of setae: 
a1 = 10, a2 = 12, a3 = 16, st = 5. Setae distinctly differentiated, a1 cylindrical, pubescent; 
a2 and a3 slender, pubescent (Fig. 4F); st short, clavate, pubescent (Figs 4G, 6A). Dis-
tance a1–a1 0.7 of length of a1; distance a1–a2 1.6 times as long as a2–a3; distance st–st 
2.0 times as long as st and 1.5 times as long as distance a1–a1.

Sternum (Figs 4G, 6A). Posterior margin with one lower indention between b1. 
Relative lengths of setae (a1 =10): b1 = 28, b2 =12. Seta b1 cylindrical, thick, annulate; b2 
slender, short, pubescent. Distance b1–b1 0.8 of length of b1; distance b1–b2 0.9 of b2.

Anal plate linguiform, 1.7 times longer than broad; a pair of clavate appendage in-
serted posteriorly, 0.4 of the length of plate, and with short pubescence (Figs 4G, 6A).

Etymology. The species is dedicated to the honor of the late Professor Chongzhou 
Zhang (1930–2014) who was an eminent zoologist from Institute of Zoology, Chinese 
Academy of Sciences, for his great contribution to the knowledge of Myriapoda of 
China (Stoev et al. 2014).

Distribution. China (Jiangsu). Only known from the type locality.
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Remarks. Colinauropus chongzhoui sp. nov. is similar to Colinauropus regis Remy, 
1956 in the shape of anal plate. They can be easily distinguished by the number of scle-
rotized plates on tergite I (1 large plate in C. chongzhoui sp. nov. vs. 2 in C. regis) and 
tergite II (8 in C. chongzhoui sp. nov., vs. 6 in C. regis), shape of setae on tergites (slen-
der and striate in C. chongzhoui sp. nov. vs. clavate and pubescent in C. regis), and the 
shape of seta a1 on pygidium (tapering in C. chongzhoui sp. nov. vs. clavate in C. regis).

Colinauropus foliosus sp. nov.
http://zoobank.org/867E5192-CE51-4339-947B-7C17D668C86E
Figures 7‒9

Material examined. Holotype, female adult with 9 pairs of legs (slide no. SC-
PA2017002), China, Sichuan Province, Ganzi Tibetan Autonomous Region, Kang-
ding City, Yala town, 30°06'N, 101°57'E, elev. 3100 m, soil samples from mixed for-
est, 11-VIII-2017, coll. C.W. Huang. Paratypes, 1 male adult with 9 pairs of legs 
(slides no. SC-PA2017001) and 1 female adult with 9 pairs of legs (slide no. SC-
PA2017003), same data as holotype.

Diagnosis. Colinauropus foliosus sp. nov. is characterized by the leaf-shaped pu-
bescent setae on head and tergites; tergite I with one large sclerotized plate; tergites 
II–IV each with 4 large and 4 small plates; tergite V with 4 large and 2 small middle 
sclerotized plates; tergite VI with 2 large plates; granules on plates ovoid, each inserted 
with one fine hair; seta st on tergum of pygidium clavate; bothriotrichum T3 with thick 
axis and dense tufted pubescence distally.

Description. Adult body length 1.28 (–1.32) mm (N = 3); body white-yellow in 
alcohol, sclerotized plates on tergites brown (Fig. 8A).

Head (Figs 7A, 8D). Dorsal setae distinctly differentiated, on first and second 
rows cylindrical to tapering; on third and fourth rows leaf-shaped and with long pu-
bescence; seta a3 of second row slender and tapering. Relative lengths of setae, 1st row: 
a1 = 10, a2 = 10 (–12); 2nd row: a1 = 10 (–11), a2 = (11–) 12, a3 = 12 (–13); 3rd row: 
a1 = (18–) 20, a2 = 18 (–20); 4th row: a1 = 13 (–16), a2 = (15–) 17, a3 = 20 (–23), a4 = 16 
(–17); lateral group setae l1 =18 (–24), l2 = 18 (–23), l3 = 25(–32); the ratio a1/a1–a1 in 
1st row (1.6–) 1.7, 2nd row (0.7–) 0.8, 3rd row1.0 (–1.1) and 4th row 0.7 (–0.8). Tem-
poral organs oval in dorsal view, their length (0.8–) 0.9 of their shortest distance apart. 
Pistil present. Head cuticle with coarse granules.

Antennae (Figs 7C, 8B, C). Antennal segments 1–3 with 2, 2, 3 short cylindrical 
pubescent setae respectively, and 1 rudimentary seta present on segment 3. Antennal 
segment 4 with 4 tapering setae and a short, rudimentary u; relative lengths of setae: 
p = 10, p’ = 7 (–8), p’’ = (6–) 7, r = 5 (–6), u = 1; tergal seta p (0.9 of –) 1.0 times as long 
as tergal branch t; the latter cylindrical, 1.8 (–2.0) times as long as its greatest diameter 
and 0.7 (–0.9) of sternal branch s, which itself about 2.0 times as long as its greatest 
diameter. Seta q cylindrical, annulate, 0.8 (–1.0 times as long as) of s. Relative lengths 
of flagella (base segments included) and base segments: F1 = 100, bs1 = 8 (–11); F2= 
(35–) 42, bs2 = (4–) 5; F3 = (78–) 93, bs3 = 7 (–9). F1 (5.8–) 8.6 times as long as t, F2 
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Figure 7. Colinauropus foliosus sp. nov. A head, dorsal view, left side B tergite II, right side C right anten-
na, tergal view D T3 e T5 F tergum of pygidium G sternum of pygidium and anal plate. Scale bars: 20 µm. 

and F3 2.0 (–2.1) and 4.4 (–4.8) times as long as s respectively. Distal calyces spherical; 
apex of flagella fusiform, on F1 and F3 with a short lateral flap. Globulus g 1.7 times as 
long as wide; about 12 bracts, capsule spherical; width of g (0.4–) 0.6 of the greatest 
diameter of t. Antennal cuticle granulated.
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Figure 8. Colinauropus foliosus sp. nov. A habitus, tergal view B terminal part of F1 C sternal branch 
of left antenna, show F2, F3 and globulus D head, dorsal view e collum segment, sternal view F tergite 
I G tergite II h tergite III I tergite IV J tergite V K tergite VI and tergum of pygidium l sternum of 
pygidium and anal plate. Scale bars: 100 µm (A); 20 µm (B–K).
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Trunk. Setae on collum segment cylindrical, annulate; sublateral setae length 22 
(–34) µm, (1.4–) 1.7 times as long as submedian setae; sternite process triangular, 
furcate and granulated; appendages tapering (Fig. 8E). Tergite I with 4+4 leaf-shaped 
setae (22–27 µm) and 1 large sclerotized plate (Fig. 8F); Tergites II–IV each with 6+6 
setae (18–40 µm), 4 large and 4 small sclerotized plates (Figs 7B, 8G–I); Tergite V with 
6+6 slender setae (20–40 µm), 4 large and 2 small sclerotized plates, posterior plates 
square (Figs 8J, 9A); Tergite VI with 4+2 setae and 2 large plates (Fig. 8K), posterior 
setae 35 µm long, their mutual distance 24 (–26) µm (Fig. 8K). Sockets of some setae 
on tergites and bothriotricha with distinct thickened cuticle surrounded (Figs 7B, D, 
E, 8F–J). Sclerotized plates with ovoid, brown granules, diameter 1.5–5.0 µm and each 
with one long curved hair (Figs 7B, 9A). Cuticle granulated or pubescent.

Male genital papillae (Fig. 9E) glabrous, subuliform, 1.5 times as long as greatest 
diameter; seta 0.5 of the length of papilla. Seta on coxa of leg 2 in male with two adja-
cent setae (only 1 thick setae in female, 20–25 µm), both cylindrical and annulate, one 
thick and short, 17 µm in length, another slender and longer, 20 µm in length (Fig. 9E).

Bothriotricha. Relative lengths: T1 = 100, T2 = (110–) 100, T3 = (95–) 105, 
T4 =114 (–120), T5 = (115–) 120. T1, T2, T4 and T5 thin, long, with short erect pubes-
cence on axes (Fig. 7E). T3 cylindrical, with thicker axis and dense tufted pubescence 
in distal 2/3 part (Fig. 7D).

Legs. First and last pair of legs 5-segmented, others 6-segmented (Fig. 9C, D). Se-
tae on coxa and trochanter of legs 1–8 cylindrical, annulate (Fig. 9B), length 23 (–26) 
µm and 23 (–27) µm respectively. Seta on coxa of leg 9 cylindrical, annulate, length 22 
(–25) µm (Fig. 9D). Seta on trochanter of leg 9 furcate, with subcylindrical, annulate, 
blunt branches, shorter branch about 0.5 of longer one (Fig. 9D). Tarsi 1–8 with short, 
annulate distal seta (6–8 µm) only (Fig. 9C). Tarsus of leg 9 tapering, 48 (–55) µm in 
length, 3.7 (–4.2) times as long as its greatest diameter (Fig. 9F), proximal seta slender, 
pointed, pubescent, 12 (–15) µm in length; distal one cylindrical, annulate, 6 (–8) µm 
in length, about 0.1 of the tarsal length. Cuticle of tarsus pubescent.

Pygidium. Tergum. Posterior margin straight. Relative lengths of setae: a1 = 10, 
a2 = (8–) 9, a3 = (12–) 16, st = (7–) 9. Setae a1 cylindrical, pubescent; a2 and a3 slender 
and pubescent (Figs 7F, 8K); st clavate, pubescent (Fig. 7G). Distance a1–a1 (0.6–) 0.8 
of a1; distance a1–a2 2.0 (–2.5) times as long as a2–a3; distance st–st (1.5–) 1.6 times as 
long as st and (1.7–) 2.0 times as long as distance a1–a1.

Sternum (Figs 7G, 8L). Posterior margin straight between b1. Relative lengths 
of setae (a1 =10): b1 = (25–) 29, b2 =14 (–15). Seta b1 cylindrical, thick, annulate; b2 
tapering, short, pubescent. Distance b1–b1 (0.7–) 0.8 of length of b1; distance b1–b2 
(0.6–) 0.7 of b2.

Anal plate round, glabrous, 1.5 times longer than broad, lateral margins bulged in 
middle part, posterior part divided into two round, pubescent branches, two tiny lobes 
present at inner side (Figs 7G, 8L).

Etymology. The species name “foliosus” from the Latin “foliose”, leaf-shaped, re-
ferring to the leaf-shaped setae on head and tergites.

Distribution. China (Sichuan). Only known from the type locality.
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Figure 9. Colinauropus foliosus sp. nov. A posterior plate on tergite V, left side B coxa and trochanter of 
leg 1 C leg 8 D leg 9 e male genital papillae and coxa of leg 2 F tarsus of leg 9. Scale bars: 20 µm.

Remarks. Colinauropus foliosus sp. nov. differs from all other congeners by having 
6 sclerotized plates on tergite V, and the posterior two square-shaped, compared with 4 
or 8 irregular plates in congeners. It is similar to C. regis Remy, 1956 in the leaf-shaped 
setae on tergites, but they can be easily distinguished by the number of sclerotized 
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plates on tergite I and II (1 and 8 in C. foliosus sp. nov. vs. 2 and 6 in C. regis), shape 
of the setae in the posterior two rows of the head (leaf-shaped in C. foliosus sp. nov. vs. 
cylindrical in C. regis), and the shape of anal plate (with two round posterior branches 
in C. foliosus sp. nov. vs. with two clavate appendages in C. regis).

Key to the species of the genus Colinauropus Remy, 1956

1 Tergite I without sclerotized plates, at most with two posterior thickened 
patches ........................................................................................................2

– Tergite I with distinct sclerotized plates .......................................................3
2 Tergite II with 4 large and 4 small sclerotized plates, tergite VI with 4 

plates ............................................C. haginoi Scheller, 2009 (Philippines)
– Tergite II with 2 large and 4 small sclerotized plates, tergite VI with 2 

plates ............................................................ C. chinensis sp. nov. (China)
3 Tergite I with 1 large sclerotized plate .........................................................4
– Tergite I with 2 sclerotized plates ................................................................5
4 Setae on head and tergite cylindrical, tergite II with 2 large and 6 small scle-

rotized plates ...............................................C. chongzhoui sp. nov. (China)
– Setae on head and tergite leaf-shaped, tergite II with 4 large and 4 small scle-

rotized plates ..................................................... C. foliosus sp. nov. (China)
5 Tergites II and V with 6 and 8 sclerotized plates respectively, anal 

plate rounded with 2 posterior appendages, setae on tergites II–V 
clavate .......................................C. regis Remy, 1956 (Réunion, Mauritius)

– Tergites II and V with 8 and 4 sclerotized plates respectively, anal plate in-
dented mediodistally without appendages, setae on tergites II–V cylindrical ...
 .................................................................C. schelleri Hagino, 1991 (Japan)

Discussion

The genus Colinauropus Remy, 1956 is well defined by the presence of sclerotized plates 
on the tergites. The number of plates on tergites I, II, V and VI, which varies from 1 to 
8, are good characters for species identification, while tergites III and IV always have 8 
plates in all species. The shape and arrangement of the plates are also taxonomically in-
formative for species definition. On tergite I, the plates are absent or at most with small 
patches of thickened cuticle posteriorly (C. haginoi, C. chinensis sp. nov.), with 1 com-
plete large plate (C. chongzhoui sp. nov., C. foliosus sp. nov.) or with 2 axially separated 
plates (C. regis, C. schelleri). On tergite II, 4 small anterior plus 2 large posterior plates are 
present in C. regis and C. chinensis sp. nov., 6 small anterior plus 2 large posterior plates 
are present in C. chongzhoui sp. nov., while there are 4 small plus 4 large plates in the 
remaining three species. On tergite V, the number of plates can be 4 in C. schelleri, 4 large 
plus 2 small middle plates in C. foliosus sp. nov., and 4 large plus 4 small plates in others. 
On tergite VI, all species have 2 large plates, except C. haginoi which has 4 plates. The 
shapes of plates are usually ovoid, round, sub-triangular, or irregular, while the two pos-
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terior large plates on tergite V are nearly square-shaped in C. foliosus sp. nov. Variation of 
plates within a species has never been reported in former studies but is observed here in C. 
chongzhoui sp. nov., which exhibits 2 plates on tergite I in juveniles vs. 1 complete plate 
in adults. Thus, caution is advised when describing species of this genus, which should 
be based on fully mature specimens. As an additional taxonomic character, the bothriot-
richum T3 is also well differentiated and nicely separates species. The most informative 
characters are the shape and appendages of the anal plates. The six known species of the 
genus Colinauropus Remy, 1956 can be distinguished by the key provided above.
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Abstract
Combining morphological and molecular data in an integrative approach, three new mayfly species of Epe-
orus (Caucasiron) are described. These include Epeorus (Caucasiron) alborzicus Hrivniak & Sroka, sp. nov. 
and Epeorus (Caucasiron) shargi Hrivniak & Sroka, sp. nov. from northern Iran, and Epeorus (Caucasiron) 
zagrosicus Hrivniak & Sroka, sp. nov. from central Iran. They are unambiguously delimited using both 
distance-based and likelihood-based approaches in the analyses of barcode COI sequences. Each new spe-
cies is compared with other species of the subgenus and morphological diagnostic characters are provided. 
Based on extensive sampling of streams throughout the country, the distribution and habitat preferences of 
all Caucasiron species in Iran are assessed. Altogether, there are now six species recorded, among them also 
E. (C.) nigripilosus Sinitshenkova, 1976 is reported for the first time in Iran. Five species are distributed in 
the Alborz Mts. in northern Iran, one species was found in the Zagros Mts. in central Iran.
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Introduction

The genus Epeorus Eaton, 1881, subgenus Caucasiron Kluge, 1997 represents a group 
of mountainous mayflies distributed in Palaearctic region. Kluge (1997) defined Cau-
casiron based on a unique larval apomorphy, a projection on the costal margin of gill 
plates II–VII. Other larval diagnostic characters include the presence of medio-dorsally 
directed hair-like setae along anterior margin of head and gill plates forming a so-called 
"adhesive disc", consisting of enlarged gill plate I and overlapping gill plates II–VII. 
Gill plate VII has a longitudinal fold allowing to bend the plate ventrally under the 
abdominal segments. The systematic position of Caucasiron within Epeorus-related taxa 
was unclear for a long time (e.g., Braasch 2006, Kluge 2015). The recent study by 
Hrivniak et al. (2020) confirmed its monophyly and subgeneric position within Epe-
orus s.l. Moreover, the study pointed out its close phylogenetic relationship with the 
subgenus Iron Eaton, 1883 distributed in Central Asia and Nearctic realm.

Caucasiron occurs in the Eastern Mediterranean (Samos and Cyprus Island), Ana-
tolia, Caucasus, and central and western Asia (Hrivniak et al. 2019, 2020). Their 
larvae inhabit riffle sections of montane and submontane streams with coarse bed 
substrate (Nguyen et al. 2004; Bauernfeind and Soldán 2012). At present there are 
17 species described (Hrivniak et al. 2020), but apparently several Central Asian taxa 
described in the genus Iron rather belong to Caucasiron (Chen et al. 2010; Hrivniak 
et al. 2017). In any case, a taxonomic revision of these species is needed to clarify their 
systematic position.

The highest species richness of Caucasiron and a remarkable regional and local 
endemism was found in the Caucasus Mountains (Hrivniak et al. 2017; Hrivniak et 
al. 2020), which represent one of the world biodiversity hotspots (Myers et al. 2000). 
The 12 species known from the Caucasus and adjacent areas are as follows: E. (C.) cau-
casicus (Tshernova, 1938), E. (C.) znojkoi (Tshernova, 1938), E. (C.) nigripilosus (Sin-
itshenkova, 1976), E. (C.) magnus (Braasch, 1978), E. (C.) alpestris (Braasch, 1979), E. 
(C.) soldani (Braasch, 1979), E. (C.) sinitshenkovae (Braasch & Zimmermann, 1979), 
E. (C.) longimaculatus (Braasch, 1980), E. (C.) bicolliculatus Hrivniak, 2017, E. (C.) 
turcicus Hrivniak, Türkmen & Kazancı, 2019, E. (C.) iranicus (Braasch & Soldán, 
1979), and E. (C.) insularis (Braasch, 1983). The latter two species for a long time 
were considered as subspecies of E. (C.) caucasicus and E. (C.) znojkoi, respectively. 
The recent molecular study of the Caucasian Caucasiron fauna, however, confirmed all 
morphologically defined species/subspecies as distinct evolutionary lineages and, con-
sequently, both subspecies were raised to species level (Hrivniak et al. 2020). Moreover, 
the delimitation of several additional evolutionary lineages indicated that the diversity 
of Caucasiron in the Caucasus region could be even higher. However, these lineages 
have remained without formal description to date (Hrivniak et al. 2020).
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Individual Caucasiron species exhibit different distribution patterns within the 
Caucasus region varying from an endemic distribution in the Greater Caucasus to a 
wide distribution covering distant regions in the Pontic Mountains, Lesser Caucasus, 
Zagros, and Alborz Mountains (Hrivniak et al. 2020). The highest species richness and 
endemism of Caucasiron is concentrated in the western and central part of the Greater 
Caucasus, the most prominent mountain range in the Caucasus region. However, the 
individual mountain ranges of the Caucasus have been studied to a different extent 
until now. Especially the Alborz Mountains, a southeast part of the Caucasus biodiver-
sity hotspot, and the Zagros Mountains, a dominant part of the Irano-Anatolian bio-
diversity hotspot, have been left unattended without detailed investigation (Bojková 
et al. 2018). The only Caucasiron species described and known exclusively from Iran, 
E. (C.) iranicus (Braasch & Soldán, 1979), is distributed in the Alborz and most likely 
represents an endemic species of this mountain range. However, given the size and di-
versity of the Iranian territory and stream habitats, the diversity and endemism within 
Caucasiron can be expected to be much higher in Iran. Summarizing recent knowledge 
on the diversity and distribution of Iranian mayflies, Bojková et al. (2018) reported 
two species of Caucasiron from Iran, namely E. (C.) iranicus and E. (C.) znojkoi.

Based on morphology and molecular analyses, we describe in this integrative study, 
two new species of Caucasiron from the Alborz Mountains and one new species from 
the Zagros Mountains. We provide morphological diagnostic characters of the three 
new species and differential diagnoses between all species known from the Caucasus 
and adjacent areas, plus an analysis of respective COI sequences. Following recent 
studies on Iranian mayflies by Bojková et al. (2018), Sroka et al. (2019), and Staniczek 
et al. (2020), we also sum up all records of Caucasiron species from our recent Iranian 
field trips to further contribute to a systematic research of mayflies in Iran.

The main objectives of this study are to (i) describe the morphology of three new 
Caucasiron species and provide their differential diagnoses, (ii) apply the molecular 
species delimitation methods using analytical tools for the single-locus COI dataset, 
(iii) provide basic information about habitat requirements of the new species, and 
(iv) summarize the distribution of all Caucasiron species recently known from Iran.

Materials and methods

The material used for this study was collected by J. Bojková, T. Soldán, J. Imanpour 
Namin, and S. Bagheri in April and May 2016–2018, and A. Staniczek, M. Pallmann, 
R. J. Godunko, and F. Nejat in April and May 2017. All specimens were preserved in 
75–96% EtOH and are deposited in the collections of the Biology Centre of the Czech 
Academy of Sciences, Institute of Entomology, České Budějovice, Czech Republic 
(IECA), State Museum of Natural History, Stuttgart, Germany (SMNS) and Natu-
ral History Museum and Genetic Resources, Department of Environment, Tehran, 
Iran (MMTT_DOE). Material of other Caucasiron species used for the morphological 
and molecular comparisons was obtained from the collection of IECA. This publica-
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tion and the nomenclatural acts therein are registered with ZooBank under the LSID 
urn:lsid:zoobank.org:pub:3297FBE4-111C-4849-9533-225A53F7DB3C.

Morphological examination

Parts of specimens were mounted on microscopic slides using HydroMatrix (Micro-
Tech Lab, Graz, Austria) mounting medium. In order to remove the muscle tissue for 
an investigation of the cuticular structures, specimens were left overnight in a 10% 
solution of NaOH prior to slide mounting. Drawings were made using a stereomicro-
scope Olympus SZX7 and a microscope Olympus BX41, both equipped with a draw-
ing tube. Photographs were obtained using Leica DFC450 camera fitted with macro-
scope Leica Z16 APO and folded in Helicon Focus version 5.3 X64. All photographs 
were subsequently enhanced with Adobe Photoshop CS5. Diagnostic characters for 
the description of larva were chosen according to Braasch and Soldán (1979) and 
Braasch (2006). The terminology was used mostly according to Kluge and Novikova 
(2011) and Kluge (2004, 2015).

DNA extraction, PCR, sequencing and alignment

Total genomic DNA of the species (4–8 specimens/species) was extracted from legs us-
ing the DEP-25 DNA Extraction Kit (TopBio s.r.o., Prague, Czech Republic) according 
to the manufacturer’s protocol. Mitochondrial cytochrome oxidase subunit I (COI) 
was sequenced according to Hrivniak et al. (2017). COI sequences of other Caucasiron 
species used for comparisons were obtained from Hrivniak et al. (2017) (GenBank ac-
cession nos KY865691–KY865725) and Hrivniak et al. (2019) (GenBank accession 
nos KY865691–KY865725). Three specimens of E. (C.) iranicus were additionally se-
quenced. The PCR amplification of COI and reaction volumes was carried out as de-
scribed in Hrivniak et al. (2017). Sequences were assembled in Geneious 7.0.6 (http://
www.geneious.com) and aligned in the same software using the Mafft 7.017 (Katoh et 
al. 2002) plugin with default settings. Newly obtained sequences are deposited in Gen-
Bank with accession numbers (GB) MN856180–MN856198.

Molecular species delimitation

Species were delimited using the single locus (COI) coalescence based General Mixed 
Yule Coalescent model (GMYC, Pons et al. 2006; Fusijawa and Barraclough 2013). We 
used the single-threshold GMYC model as it has been found to outperform the multi-
threshold (Fusijawa and Barraclough 2013) and was found to be highly suitable for spe-
cies delimitation within Caucasiron (Hrivniak et al. 2019). The GMYC model identifies 
independent evolutionary clusters by detecting a threshold value at the transition from 
interspecific to intraspecific branching patterns (Bryson et al. 2013). A maximum likeli-
hood approach is used to optimize the shift in branching patterns. A likelihood ratio 
test assesses if the mixed model fits the data significantly better than a null model that 
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assumes a single coalescent process for the entire tree (Pons et al. 2006; Monaghan et 
al. 2009). Analyses were performed using the SPLITS package for R (http://r-forge.r-
project.org/projects/splits). An ultrametric COI gene tree was reconstructed under re-
laxed molecular clock (uncorrelated lognormal distribution) using BEAST 2 (Bouckaert 
et al., 2014) on CIPRES Science Gateway 3.3 (Miller et al. 2010). An input file was 
generated in BEAUti 2. The substitution model was selected by bModelTest (Bouckaert 
and Drummond 2017) implemented in BEAUti 2 using a model averaging approach. A 
coalescent constant population tree prior was preferred, because the GMYC null model 
constitutes a single coalescent cluster (Monaghan et al. 2009; Zaldívar-Riverón et al. 
2010; Vuataz et al. 2011). Other settings were default. Two analyses of MCMC chains 
were run for 50 million generations sampled every 5000 generations. Convergence and 
effective sample size (ESS > 200) were verified using Tracer 1.6. The first 10% of trees 
(1000) from each run were discarded as burn-in. The files from both independent runs 
were combined using LogCombiner 1.8.4. The maximum clade credibility tree was 
constructed from 18000 trees using TreeAnnotator 1.8.4 with default settings.

Inter- and intra-specific K2P pairwise genetic distances were calculated in MEGA 
7 (Kumar et al. 2016). The distance matrix was analysed using Automatic Barcode Gap 
Discovery (ABGD) (Puillandre et al. 2012) (online version: http://wwwabi.snv.jussieu.
fr/public/abgd/) with default settings. The method identifies so-called barcode gap that 
corresponds to threshold between intra- and inter-specific genetic distances and splits 
sequences to groups corresponding to putative species accordingly.

Results and discussion

Taxonomy

All of the species described below are attributed to the subgenus Caucasiron within the 
genus Epeorus based on the presence of projections on the costal rib of gill plates II–
VII, and the presence of medio-dorsally directed hair-like setae located on the anterior 
margin of the head (see Kluge 2015 for a revision of the subgenus).

Epeorus (Caucasiron) alborzicus Hrivniak & Sroka, sp. nov.
http://zoobank.org/F1721BB2-DC7C-4BBC-9AD2-8252A5D01EBF
Figures 1, 2

Type material. Holotype: female mature larva: IRAN, Mazandaran Province, Panjab 
village, unnamed brook (LT of Haraz River); 36°05'52.8"N, 052°15'16.0"E (locality 
no. 152); 955 m a.s.l.; J. Bojková, T. Soldán, J. Imanpour Namin, S. Bagheri leg., 
9.5.2018, SMNS_EPH_010056.

Paratypes: 38 female larvae (3 mounted on slide), 10 male larvae (2 mounted 
on slide): same data as holotype, SMNS_EPH_010056. DNA extracted from 1 fe-
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male (code: IR11, stored in EtOH) and 2 males (codes: IR12 and IR14, both stored 
in EtOH).

33 female larvae, 24 male larvae: IRAN, Tehran Province, Zayegan village, Lalan 
River; 35°58'39.2"N, 051°34'56.5"E (locality no. 55); 2290 m a.s.l.; A. Staniczek, M. 
Pallmann, R. J. Godunko, F. Nejat leg., 8.5.2017, SMNS_EPH_007617.

1 female larva: IRAN, Golestan Province, above Chah-e Ja village, unnamed brook 
(RT of river flowing to Fazelabad); 36°40'22.8"N, 054°46'37.9"E (locality no. 104); 
1450 m a.s.l.; J. Bojková, T. Soldán, J. Imanpour Namin leg., 27.4.2018. DNA ex-
tracted specimen (code: IR13, stored in EtOH).

17 female larvae (3 mounted on slide), 6 male larvae: IRAN, Alborz Province, 
2.5 km W of Asara village, Karaj River; 36°01'52.1"N, 051°13'10.0"E (locality no. 
58); 1890 m a.s.l.; A. Staniczek, M. Pallmann, F. Nejat leg., 10.5.2017, SMNS_
EPH_007627.

The holotype and 50 paratypes are deposited in SMNS, 50 paratypes (including 
DNA extracted specimens) are deposited in IECA and 29 paratypes in MMTT_DOE.

Other material examined. 8 larvae: same data as holotype, SMNS_EPH_010056; 
young instars or damaged specimens.

13 larvae: IRAN, Mazandaran Province, NE of Kahrud village, unnamed brook 
(LT of Haraz River); 36°03'42.7"N, 052°15'24.8"E (locality no. 153); 1020 m a.s.l.; J. 
Bojková, T. Soldán, J. Imanpour Namin, S. Bagheri leg., 9.5.2018.

2 larvae: IRAN, Mazandaran Province, 3.5 km E of Polour village, Lasem Rud 
(RT of Haraz River); 35°50'09.4"N, 052°04'38.4"E (locality no. 73); 2100 m a.s.l.; A. 
Staniczek, M. Pallmann, F. Nejat leg., 14.5.2017, SMNS_EPH_007680; 17 larvae: S. 
Bagheri leg., 16.4.2018.

1 larva: IRAN, Mazandaran Province, 1.5 km S of Part Kola village, Shirin Rud 
(LT of Sefidrud); 36°9'04.3"N, 053°20'54.7"E (locality no. 63); 750 m a.s.l.; A. Stan-
iczek, M. Pallmann, F. Nejat leg., 11.5.2017, SMNS_EPH_007641; 10 larvae: S. 
Bagheri leg., 5.4.2018.

7 larvae: IRAN, Mazandaran Province, 3.5 km W of Razan village, Baladeh River; 
36°11'39.6"N, 052°8'34.6"E (locality no. 73); 1360 m a.s.l.; A. Staniczek, M. Pall-
mann, F. Nejat leg., 14.5.2017, SMNS_EPH_007677.

1 larva: IRAN, Tehran Province, Lalan village, Lalan River; 35°59'50.3"N, 
051°34'51.0"E (locality no. 53); 2438 m a.s.l.; A. Staniczek, M. Pallmann, R. J. Go-
dunko, F. Nejat leg., 8.5.2017, SMNS_EPH_007613.

17 larvae: IRAN, Tehran Province, Igol village, Fasham River; 35°55'11.2"N, 
051°28'51.3"E (locality no. 56); 2020 m a.s.l.; A. Staniczek, M. Pallmann, R. J. Go-
dunko, F. Nejat leg., 8.5.2017, SMNS_EPH_007618.

10 larvae: IRAN, Alborz Province, 4 km NW of Shahrestanak village, Shahrestan-
ak River; 35°59'01.2"N, 051°19'09.6"E (locality no. 57); 2100 m a.s.l.; A. Staniczek, 
M. Pallmann, F. Nejat leg., 10.5.2017, SMNS_EPH_007622.

Etymology. The species name refers to the type locality and distribution of the 
species in the Alborz mountain range.

Localities and habitat preferences of larvae. Larvae inhabit small streams (2–8 m 
width, 20–50 cm depth) at high altitudes (six of eleven localities at approx. 2000 m 
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a.s.l.) in the central Alborz (Fig. 9). One larva was found in the eastern Alborz (Fig. 9). 
Larvae were found only in cold and clear streams where they dwelled on large stones in 
riffles with very fast flow. All localities were situated in deep valleys with rivers draining 
high mountains. They were mostly treeless, only sometimes with sparse solitary shrubs 
and trees at the banks (Fig. 10A, B). Streams had a very coarse bed substrate with pre-
vailing boulders and stones and a low share of fine sediments, and turbulent to strongly 
turbulent flow. They were characteristic of high fluctuation of discharge, with sudden 
peaks of discharge after spates on the mountains (Fig. 10A).

Description of larva. General colouration of larvae yellowish brown with dark 
brown maculation. Body length of mature larvae: 13.3–15.8 mm (female), 10.3–
11.3 mm (male). Length of cerci approximately 1.3× body length.

Head. Shape trapezoidal; anterior and lateral margin rounded, posterior margin 
rounded in female, slightly rounded or nearly straight in male (Fig. 1D, E). Anterior 
margin with shallow concavity medially. Head dimensions of mature larvae: length 
2.8–3.1 mm, width 4.0–4.6 mm (female); length 2.2–2.7 mm, width 3.2–3.7 mm 
(male). Head width/length ratio: 1.4–1.5 (both male and female). Dorso-medial part 
with pair of stripes. Pair of maculae located between ocelli (sometimes fused into single 
macula). Rounded maculae ventrolateral of lateral ocelli and blurred maculae near in-

Figure 1. Epeorus (Caucasiron) alborzicus sp. nov., larva: A habitus in dorsal view B habitus in ventral 
view C habitus in lateral view D head of male in dorsal view e head of female in dorsal view F middle leg 
in dorsal view G distal part of abdomen in ventral view h–J colouration of abdominal terga K–M col-
ouration of abdominal sterna.



Ľuboš Hrivniak et al.  /  ZooKeys 947: 71–102 (2020)78

ner edges of compound eyes. Pale stripes extending horizontally from lateral ocelli to 
lateral edges of head. Pair of elongated, curved maculae located along coronal suture. 
Compound eyes grey to black in female, brownish or greyish and basally black in male 
mature larva. Ocelli blackish, basally paler. Antennae yellowish brown, scapus and 
pedicellus darkened. Anterior margin of head densely covered with hair-like setae ex-
tending to lateral margins and directed medio-dorsally. Dorsal surface of head covered 
with fine hair-like setae and sparsely distributed stick-like setae. Sparse longer and fine 
hair-like setae located posteriorly to eyes.

Mouthparts. Labrum (Fig. 2A) widened anteriorly, with anterior margin slightly 
rounded or nearly straight (in dorsal view). Lateral angles rounded (shape of labrum 
may vary among individual specimens). Dorsal surface (Fig. 2A, right half ) sparsely 
covered with setae of different size; 4–6 longer bristle-like setae located antero-medially 
and two bristles antero-laterally. Epipharynx with longer, slightly plumose bristles situ-
ated along lateral to anterior margin (Fig. 2A, left half, range of setation figured as large 
black dots), and cluster of fine, hair-like setae medially (not figured). Posterior margin 
of labrum irregularly concave; group of 6–17 setae of various size located on ventral 
surface close to posterior margin. Outer incisors of both mandibles (Fig. 2B, C) with 
three apical teeth; outer tooth blunt in both mandibles. Inner incisor of left mandible 
with three apical teeth, right inner incisor bifurcated.

Thorax. Pronotum anteriorly narrowed, lateral edges nearly straight. Metanotum 
with slight postero-medial projection. Dorsal surface covered with fine, hair-like setae 
(as on abdominal terga and head); sparse longer, hair-like setae along pro-, meso- and 
metanotal suture.

Legs. Colour pattern of femora as in Fig. 1F. Femora without medial hypoder-
mal spot. Patella-tibial suture darkened; tarsi proximally and distally darkened. Coxal 
projections of fore- and hind legs pointed or bluntly pointed; in middle legs blunt. 
Trochanteres with spatulate setae as on dorsal surface of femora (Fig. 2D). Tibiae of 
forelegs 1.20–1.37× femur length, tibiae of middle legs 1.0–1.2× femur length, and 
tibiae of hind legs 0.92–1.08× femur length. Tarsi of all legs 0.26–0.34× tibia length. 
Dorsal surface of femora covered by short and sporadically elongated spatulate setae 
(Fig. 2D), hair-like setae, and sparsely distributed stick-like setae. Anterior margin of 
femora with short, pointed or bluntly pointed spine-like setae; posterior margin with 
row of long blade-like setae and sparse row of bluntly pointed, spine-like setae. Dorsal 
margin of tibiae and tarsi with row of long setae; ventral margin of both with irregular 
row of spine-like setae accumulated distally. Tarsal claws with 2–3 denticles.

Abdominal terga. Colour pattern of abdominal terga (Fig. 1A, H–J) consists of 
transversal stripe along anterior margin of terga I–IX (X), medially extending to single 
blurred macula or pair of rounded maculae on terga II–IV and short triangular or 
nearly rectangular macula on terga V–IX. Terga VIII and IX (X) medially darkened. 
Pattern of abdominal terga sometimes poorly expressed, only with medially thickened 
transversal stripe along anterior margin.

Lateral margins with oblique maculae on terga I–IX, sometimes dorso-posteriorly 
extended. Pair of sigilla sometimes coloured, in form of short stripes or spots located 
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antero-laterally to medial macula. Denticles on posterior margin on terga of various 
size, irregular and pointed (Fig. 2E). Surface of terga covered with hair-like setae and 
sparsely with stick-like setae. Tergum X with distinct postero-lateral projections (Fig. 
2H, arrow). Supra-tergalial projection (sensu Kluge 2004) short and blunt. Longitudi-
nal row of hair-like setae along abdominal terga present medially.

Abdominal sterna. Yellowish, with distinct colour pattern in form of medial cir-
cular macula (Fig. 1B, G, K–M, best expressed on sterna II–VI). Medio-anterior sigilla 
partly pigmented, lateral sigilla not pigmented; medio-posterior sigilla in form of pale 

Figure 2. Epeorus (Caucasiron) alborzicus sp. nov., larva: A labrum (right half in dorsal view, left half 
in ventral view) B incisors of right mandible in ventral view C incisors of left mandible in ventral view 
(both flattened on slide) D setae on dorsal surface of femora e surface and posterior margin of abdominal 
tergum VII F gill I G gill III h abdominal segments VIII–X I sternum IX, female J sternum IX, male 
K gill VII (flattened on slide) l–M gill VII (in natural position from ventral view), variability in shape.



Ľuboš Hrivniak et al.  /  ZooKeys 947: 71–102 (2020)80

spots in intensively pigmented specimens. Nerve ganglia occasionally darkened. Inten-
sity of colouration varies among individuals (Fig. 1K–M). Sternum IX with V-shaped 
medial emargination; surface covered by irregularly distributed short hair-like setae, 
and medially accumulated longer hair-like setae (Fig. 2I, J).

Gills. Dorsal surface of gill plate I yellowish; of gill plates II–VII greyish on an-
terior half, brownish (sometimes reddish) on posterior half. Ventral margin of all gill 
plates yellowish. Projection of gill plate III well developed (Fig. 2G). Gill plate VII 
relatively wide (in natural position of ventral view, Figs 1G, 2L, M). Filaments of gills 
II–VI reaching 0.40–0.58× length of respective plate, filaments of gill VII reaching 
0.18–0.24× (in late-instar larvae).

Cerci. Yellowish brown, basally darkened.
Subimago, imago and eggs. Unknown.
Morphological diagnostics of larvae. The main larval diagnostic characters of E. 

(C.) alborzicus sp. nov. are as follows: (i) colour pattern of abdominal terga (Fig. 1A, 
H–J) and sterna (Fig. 1B, K–M), (ii) presence of distinct postero-lateral projections on 
tergum X (Fig. 2H), (iii) absence of medial hypodermal femur spot (Fig. 1F), (iv) gill 
plate VII relatively wide (in natural position from ventral view; Figs 1G, 2L, M), and 
(v) fine hair-like setae on surface of abdominal terga (Fig. 2E).

Affinities. The combination of diagnostic characters mentioned above clearly dis-
tinguish larvae of E. (C.) alborzicus sp. nov. from all other Caucasiron species known so 
far. However, some of the diagnostic characters occur also in other Caucasiron species 
distributed in the Caucasus. The colour pattern of abdominal sterna in E. (C.) alborzi-
cus sp. nov. is similar in E. (C.) bicolliculatus (Hrivniak et al. 2017: 356, fig. 8) and E. 
(C.) alpestris (Braasch 1979: 284, fig. 1d). Both species also lack a medial hypodermal 
femur spot. Epeorus (C.) bicolliculatus can be distinguished from E. (C.) alborzicus sp. 
nov. by (i) the presence of flattened setae on the surface of abdominal terga (Hrivniak 
et al. 2017: 359, fig. 23), (ii) the presence of paired postero-medial protuberances on 
terga II–IX (Hrivniak et al. 2017: 356, figs 10, 11; 360, figs 31, 32), and (iii) the ab-
sence of a postero-lateral projection on the tergum X.

Epeorus (C.) alpestris differs by the characteristic colour pattern of abdominal terga 
(Braasch 1979: 294, fig. 1c) and the absence of postero-lateral projections on the ter-
gum X.

The presence of postero-lateral projections on the abdominal tergum X is charac-
teristic for two species distributed in the Caucasus, E. (C.) magnus, E. (C.) nigripilo-
sus, and sporadically also in E. (C.) znojkoi. Epeorus (C.) magnus differs from E. (C.) 
alborzicus sp. nov. in the absence of colouration of abdominal sterna and the char-
acteristic setation on the dorsal margin of labrum (numerous thickened bristle-like 
setae, Hrivniak et al. in prep.). Epeorus (C.) nigripilosus can be separated from E. (C.) 
alborzicus sp. nov. by the presence of the distinct medial hypodermal femur spot and 
unique colour pattern of abdominal sterna (Sinitshenkova 1976: 89, fig. 28). Epeorus 
(C.) znojkoi can be clearly distinguished from E. (C.) alborzicus sp. nov. by the colour 
pattern of abdominal terga and conspicuous reddish colouration of abdominal sterna 
(Braasch 1980: 172, fig. 4b–c).
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Two species, E. (C.) soldani and E. (C.) sinitshenkovae, are lacking a medial hypo-
dermal femur spot just like E. (C.) alborzicus sp. nov. Both can be separated from the 
latter by the absence of postero-lateral projections on tergum X, narrower gill plates 
VII (in natural position from ventral view), and the absence of a distinct colour pat-
tern of abdominal sterna. Additionally, E. (C.) soldani differs from E. (C.) alborzicus 
sp. nov. by the presence of flattened setae on the surface of abdominal terga (Hrivniak 
et al. 2017: 359, fig. 25).

Other Caucasiron species distributed in the Caucasus and adjacent areas do not 
share important diagnostic characters with E. (C.) alborzicus sp. nov. All of these spe-
cies can be easily distinguished by the following combination of characters: (i) absence 
of the colour pattern of abdominal sterna and presence of the medial hypodermal 
femur spot in E. (C.) turcicus, E. (C.) longimaculatus, E. (C.) shargi sp. nov. and (ii) 
colour pattern of abdominal terga and sterna in E. (C.) caucasicus (Braasch 1979: fig. 
3a), E. (C.) iranicus (Braasch and Soldán 1979: fig. 12), and E. (C.) zagrosicus sp. nov. 
(Fig. 5A–C, G, H–K). The larva of E. (C.) insularis is currently not described.

Epeorus (Caucasiron) shargi Hrivniak & Sroka, sp. nov.
http://zoobank.org/6F5FE6F7-8710-416D-80DB-C202C71DE7FC
Figures 3, 4

Type material. Holotype: female mature larva: IRAN, Golestan Province, Shirinabad 
village, unnamed river; 36°48'01.4"N, 055°01'05.8"E (locality no. 108); 740 m a.s.l.; 
J. Bojková, T. Soldán, J. Imanpour Namin leg., 27.4.2018, SMNS_EPH_010057.

Paratypes: 19 female, 11 male larvae: same data as holotype.
36 female (5 mounted on slide), 25 male (1 mounted on slide) larvae: IRAN, 

Golestan Province, above Chah-e Ja village, unnamed brook (RT of river flowing to 
Fazelabad); 36°40'22.8"N, 054°46'37.9"E (locality no. 104); 1450 m a.s.l.; J. Bojková, 
T. Soldán, J. Imanpour Namin leg., 27.4.2018. DNA extracted from 2 females (codes: 
IR23 and IR24, mounted on slides).

19 female (3 mounted on slide), 7 male (1 mounted on slide) larvae: IRAN, 
Golestan Province, below Chah-e Ja village (main valley), unnamed river flowing to 
Fazelabad, 36°41'46.3"N, 054°47'35.0"E (locality no. 105); 1240 m a.s.l.; J. Bojková, 
T. Soldán, J. Imanpour Namin leg., 27.4.2018. DNA extracted from 1 female (code: 
IR21, mounted on slide) and 1 male (code: IR22, stored in EtOH).

The holotype (SMNS_EPH_010057) and 50 paratypes (SMNS_EPH_010057) 
are deposited in SMNS, 50 paratypes (including DNA extracted specimens) are depos-
ited in IECA, and 17 paratypes in MMTT_DOE.

Other material examined (not paratypes): 3 larvae: same data as holotype; young 
instars or damaged specimens.

Etymology. The species name derives from shargi (شرقی), which means eastern in 
Farsi. It refers to the distributional range of the species in the eastern part of the Alborz 
mountain range.
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Localities and habitat preferences of larvae. Larvae were found in three clear 
streams at middle altitude (740–1450 m a.s.l.) in the eastern Alborz (Fig. 9). Habitat 
conditions of these streams differed from each other. Larvae were abundant in a cold, 
alkaline brook (water conductivity 1320 µS/cm) with patches of precipitated calcium 
crusts on the bed and in the non-alkaline water (with water conductivity reaching the 
values of clear montane streams in the region, 433 µS/cm) of the type locality. Both local-
ities were characterised by stony bed sediment with leaf litter debris and fine gravel along 
the banks, and by fast, turbulent flow (Fig. 10C, D). Lower abundance of larvae was 
found in a river with uniform coarse substrate flowing in a wide gravel river channel. All 
streams were surrounded by deciduous forests (Fig. 10C, D). The species was not found 
in urban and agricultural areas in this region where many localities were investigated.

Description of larva. General colouration of larvae yellowish brown with dark 
brown maculation. Body length of mature larvae 13.7–15.6 mm (female), 11.7–
13.0 mm (male). Length of cerci approximately 1.1× body length.

Head. Shape trapezoidal; anterior and lateral margin rounded, posterior margin 
rounded in female, slightly rounded in male (Fig. 3D, E). Anterior margin with shal-

Figure 3. Epeorus (Caucasiron) shargi sp. nov., larva: A habitus in dorsal view B habitus in ventral view 
C habitus in lateral view D head of male in dorsal view e head of female in dorsal view F middle leg in 
dorsal view G distal part of abdomen in ventral view h–K colouration of abdominal terga l colouration 
of abdominal sterna.
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low concavity medially. Head dimensions of mature larvae: length 3.0–3.2 mm, width 
4.1–4.4 mm (female); length 2.70–2.95 mm, width 3.5–4.0 mm (male). Head width/
length ratio: 1.33–1.40 (both male and female). Dorso-medial part with brown, rec-
tangular or oval smudge, sometimes reduced to pair of stripes. Pair of maculae located 
between ocelli (sometimes fused into single macula). Rounded maculae lateroventral 
of lateral ocelli and blurred maculae near inner edges of compound eyes. Pair of pale 
stripes extending from lateral ocelli to lateral edges of head. Pair of maculae located 
along coronal suture. Compound eyes dark grey to black in female, brownish and ba-
sally blackish in male mature larva. Ocelli dark grey to black, basally paler. Antennae 

Figure 4. Epeorus (Caucasiron) shargi sp. nov., larva: A labrum (right half in dorsal view, left half in 
ventral view) B incisors of right mandible in ventral view C incisors of left mandible in ventral view (both 
flattened on slide) D setae on dorsal surface of femora e surface and posterior margin of abdominal ter-
gum VII F gill I G gill III h abdominal segments VIII–X I sternum IX, female J sternum IX, male K gill 
VII (flattened on slide) l gill VII (in natural position from ventral view).
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yellowish-brown, scapus and pedicellus darkened. Anterior margin of head densely 
covered with hair-like setae extending to lateral margins and directed medio-dorsally. 
Dorsal surface of head covered with fine hair-like setae and sparsely distributed stick-
like setae. Sparse longer fine hair-like setae located posteriorly to eyes.

Mouthparts. Labrum (Fig. 4A) widened anteriorly, with anterior margin slightly 
rounded or nearly straight (in dorsal view). Lateral angles rounded (shape of labrum 
may vary among individual specimens). Dorsal surface (Fig. 4A, right half ) sparsely 
covered with setae of different size; 4–6 longer bristle-like setae located antero-medial-
ly and two antero-laterally. Epipharynx with longer, shortly plumose bristles situated 
along lateral to anterior margin (Fig. 4A, left half ), range of setation figured as large 
black dots), and brush of fine hair-like setae medially (not figured). Posterior margin of 
labrum irregularly concave; with group of 5–10 setae of various size located on ventral 
surface close to posterior margin. Outer incisors of both mandibles (Fig. 4B, C) with 
three apical teeth; outer tooth blunt in both mandibles. Inner incisor of left mandible 
with three apical teeth, right inner incisor bifurcated (inner side of right tooth usually 
with small denticle).

Thorax. Pronotum anteriorly narrowed, lateral edges nearly straight or slightly 
rounded. Metanotum with slight, blunt, postero-medial projection. Dorsal surface 
covered with fine hair-like setae (as on abdominal terga and head); sparse longer hair-
like setae along pro-, meso- and metanotal suture.

Legs. Colour pattern of femora as in Fig. 3F. Femora with rounded or slightly elon-
gated medial hypodermal femur spot. Patella-tibial suture darkened; tarsi proximally 
and distally darkened. Coxal projections of fore- and hind legs pointed or bluntly 
pointed; of middle legs blunt. Trochanteres with spatulate setae as on dorsal surface 
of femora (Fig. 4D). Tibiae of forelegs 1.23–1.28× femur length, tibiae of middle legs 
1.03–1.50× femur length, and tibiae of hind legs 0.87–1.06× femur length. Tarsi of all 
legs 0.28–0.32× tibia length. Dorsal surface of femora covered by short, sporadically 
elongated spatulate setae (Fig. 4D), hair-like setae, and sparsely distributed stick-like 
setae. Anterior margin of femora with short, pointed and/or bluntly pointed spine-like 
setae; posterior margin with row of long blade-like setae and sparse row of bluntly 
pointed spine-like setae. Dorsal margin of tibiae and tarsi with row of long setae; ven-
tral margin of both with irregular row of spine-like setae accumulated distally. Tarsal 
claws with 2–3 denticles.

Abdominal terga. Colour pattern of abdominal terga (Fig. 3A, H–K) consists 
of transversal stripe along anterior margin of terga I–IX (X) medially extending to i) 
triangular or blurred macula on terga (II) III–IV; ii) triangular or T-shaped macula 
on terga V–IX, reaching to half or stretching to posterior margin of corresponding 
tergum (medial macula of terga VIII and IX often widened). Transversal stripe along 
anterior margin of terga laterally extends to pair of short maculae. Medial maculae 
often surrounded by pale background. Tergum X without distinct maculation. Pair of 
sigilla sometimes coloured and forming pair of short stripes adjacent laterally to medial 
macula. Lateral margins of abdomen with oblique maculae on terga I–IX. Denticles 
along posterior margin on terga of various size, irregular and pointed (Fig. 4E). Surface 
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of terga covered with hair-like setae and sparsely with stick-like setae. Supra-tergalial 
projections short and blunt. Tergum X without distinct postero-lateral projections 
(Fig. 4H). Longitudinal row of hair-like setae along abdominal terga present medially.

Abdominal sterna. Yellowish, without distinct colour pattern. Nerve ganglia often 
dark brown pigmented (Fig. 3B, G, L). Sternum IX with V-shaped medial emargina-
tion; surface covered by irregularly distributed short hair-like setae and medially ac-
cumulated longer hair-like setae (Fig. 4I, J).

Gills. Dorsal surface of gill plate I yellowish, of gill plates II–VII greyish on an-
terior half and brownish to reddish on posterior half. Ventral margin of all gill plates 
yellowish. Projection of gill plate III well developed (Fig. 4G). Gill plate VII relatively 
wide (in natural position of ventral view, Figs 3G, 4L). Gill filaments reaching to 
0.41–0.50× length of respective plate, filaments of gill VII to 0.24–0.28× (in late-
instar larvae).

Cerci. Brownish, basally darkened.
Subimago, imago and eggs. Unknown
Morphological diagnostics of larvae. The main larval diagnostic characters of E. 

(C.) shargi sp. nov. are as follows: (i) colour pattern of abdominal terga (Fig. 3A, H–K) 
and no colouration of abdominal sterna (Fig. 3B, G, L), (ii) lack of distinct postero-lat-
eral projections on tergum X (Fig. 4H), (iii) presence of medial hypodermal femur spot 
(Fig. 3F), (iv) relatively wide shape of gill plate VII (in natural position from ventral 
view; Figs 3G, 4L), and (v) fine hair-like setae on surface of abdominal terga (Fig. 4E).

Affinities. Based on the colour pattern of abdominal terga and sterna, E. (C.) 
shargi sp. nov. resembles several species distributed in the Caucasus and adjacent areas. 
At first glance, E. (C.) soldani and E. (C.) turcicus are most similar. Larvae of E. (C.) 
soldani possess triangular maculae on abdominal terga (Braasch 1979: 284, fig. 2b) and 
an indistinct, sometimes not expressed, colour pattern of abdominal sterna. It can be 
distinguished from E. (C.) shargi sp. nov. by a comparatively narrower gill plate VII 
(in natural position from ventral view), the presence of flattened setae on the surface 
of abdominal terga (Hrivniak et al. 2017: 359, fig. 25), and the absence of a medial 
hypodermal femur spot.

Epeorus (C.) turcicus shares with E. (C.) shargi sp. nov. the lack of colouration on 
abdominal sterna (Hrivniak et al. 2019: 61, fig. 2), the presence of a medial hypoder-
mal femur spot (Hrivniak et al. 2019: 62, fig. 9), and fine hair-like setae on the dorsal 
surface of abdominal terga (Hrivniak et al. 2019: 63, fig. 11). Nevertheless, E. (C.) 
turcicus differs from E. (C.) shargi sp. nov. by the different colour pattern of abdominal 
terga, with anteriorly widened stripe stretching between anterior and posterior margins 
(Hrivniak et al. 2019: 61, fig. 1), in contrast to E. (C.) shargi sp. nov. with more or less 
triangular maculae on abdominal terga (Fig. 3A, H–K), and a distinctly narrower gill 
plate VII (in natural position from ventral view) (Hrivniak et al. 2019: 63, figs 15, 16).

Similar to E. (C.) shargi sp. nov., there is no colour pattern of abdominal sterna 
in several other species, namely E. (C.) longimaculatus, E. (C.) sinitshenkovae, and E. 
(C.) magnus. Epeorus (C.) longimaculatus can be clearly separated from E. (C.) shargi 
sp. nov. by (i) a distinctly narrower gill plate VII (in natural position of ventral view), 
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(ii) flattened setae on the surface of abdominal terga (Hrivniak et al. 2017: 359, fig. 
25), (iii) poorly developed projection on the costal margin of gill plate III (Braasch 
1980: 172, fig. 6b), and (iv) elongated medial hypodermal femur spot (Braasch 1980: 
172, fig. 11).

Epeorus (C.) sinitshenkovae can be distinguished from E. (C.) shargi sp. nov. by the 
absence of a medial hypodermal femur spot, the characteristic colour pattern of femora 
(Braasch and Zimmerman 1979: 106, fig. 10), and the colour pattern of abdominal 
terga (Braasch 1979: 105, fig. 2).

Epeorus (C.) magnus can be reliably distinguished by the presence of distinct pos-
tero-lateral projections on abdominal tergum X and characteristic setation of labrum 
(numerous thickened bristle-like setae, Hrivniak et al. in prep.).

All other species distributed in the Caucasus and adjacent areas differ from E. (C.) 
shargi sp. nov. by the distinct colour pattern of abdominal sterna, namely E. (C.) bicol-
liculatus (Hrivniak et al. 2017: 356, figs 7–9), E. (C.) alpestris (Braasch, 1979: 284, 
fig. 1d), E. (C.) alborzicus sp. nov., (Fig. 1B, K–M), E. (C.) caucasicus, E. (C.) iranicus 
(Braasch 1979: 284, fig. 3b), E. (C.) nigripilosus (Sinitshenkova 1976: 89, fig. 28), E. 
(C.) znojkoi (Braasch, 1980: 172, 4b), and E. (C.) zagrosicus sp. nov. (Fig. 5B, K).

Epeorus (Caucasiron) zagrosicus Hrivniak & Sroka, sp. nov.
http://zoobank.org/A49F6070-C918-4FA2-9287-D0B3D9BDBC01
Figures 5, 6

Type material. Holotype: female larva: IRAN, Lorestan Province, 4.5 km SW of 
Varayeneh village, Sarab-e Gamasiab River, 34°2'46.2"N, 048°22'32.6"E (locality no. 
9); 1842 m a.s.l.; A. Staniczek, M. Pallmann, A. Abdoli, F. Nejat leg., 25.4.2017, 
SMNS_EPH_007520.

Paratypes: 79 female larvae, 68 male larvae: same data as holotype, SMNS_
EPH_007520. 6 female (2 mounted on slide), 5 male (2 mounted on slide) larvae: 
IRAN, Chaharmahal and Bakhtiari Province, Dimeh village, Chehme-Dimeh River, 
32°30'11.6"N, 050°13'04.5"E (locality no. 45) ; 2220 m a.s.l.; A. Staniczek, M. Pall-
mann, R. J. Godunko, F. Nejat leg., 5.5.2017, SMNS_EPH_007707. DNA extracted 
from 3 females (code: IR32, stored in EtOH; codes: IR34 and IR35, mounted on 
slides) and 2 males (codes: IR33b and IR36, mounted on slides).

15 female (3 mounted on slide), 5 male larvae: IRAN, Kohgiluyeh and Boyer-Ah-
mad Province, 4 km E of Yasuj, Yasuj fall, 30°40'34.7"N, 051°37'35.6"E (locality no. 
37); 2060 m a.s.l.; A. Staniczek, M. Pallmann, R. J. Godunko, F. Nejat leg., 4.5.2017, 
SMNS_EPH_007568. DNA extracted from 2 females (code: SP38, mounted on slide; 
code: IR33a, stored in EtOH) and 1 male (code: SP37, stored in EtOH).

2 female, 2 male larvae: IRAN, Chaharmahal and Bakhtiari Province, 5 km W 
of Chelgerd, Kouhrang River, 32°28'9.3"N, 050°5'26.2"E (locality no. 46); 2402 m 
a.s.l.; A. Staniczek, M. Pallmann, R. J. Godunko, F. Nejat leg., 5.5.2017, SMNS_
EPH_007689.



Diversity and distribution of Epeorus in Iran 87

The holotype and 100 paratypes are deposited in SMNS, 50 paratypes (including 
DNA extracted specimens) are deposited in IECA and 32 paratypes in MMTT_DOE.

Other material examined: 42 larvae: same data as holotype; young instars or 
damaged specimens.

1 male larva: IRAN, Chaharmahal and Bakhtiari Province, 4 km E. of Bajgiran, 
Dehno River, 31°54'26.2"N, 050°42'20.6"E (locality no. 50); 1721 m a.s.l.; A. Stan-
iczek, M. Pallmann, R. J. Godunko, F. Nejat leg., 6.5.2017, SMNS_EPH_007606.

Etymology. The species name refers to its known records in the Zagros mountain 
range.

Localities and habitat preferences of larvae. Larvae were found in five streams of 
different size at high altitude, above 1700 m a.s.l. Three streams were strongly turbu-
lent rivers with very coarse bed substrate flowing in high-mountain valleys (Fig. 10E). 
Larvae were found also in a shallow, slow-flowing brook with finer, gravel substrate 
flowing in the forest (locality near Yasuj fall, Fig. 10F), and in a small stream with 
moderate, slightly turbulent flow and stony bed substrate with fine gravel, silt, and 
macrophytes (Chehme-Dimeh River). The species was not found in streams that were 
polluted or seasonally drying out.

Description of larva. General colouration of larvae yellowish brown with dark 
brown maculation. Body length of mature larvae 13.5–14.5 mm (female), 10.0–
11.0 mm (male). Length of cerci approximately 1.3× body length.

Head. Shape trapezoidal; anterior and lateral margin rounded, posterior margin 
slightly rounded or nearly straight (Fig. 5D, E). Anterior margin with shallow concav-
ity medially.

Head dimensions of mature larvae: length 2.6–2.7 mm, width 3.6–4.0 mm (fe-
male); length 2.3–2.4 mm, width 3.3 mm (male). Head width/length ratio: 1.36–1.49 
(both male and female).

Dorso-medial part with indistinct brown rectangular or oval macula, sometimes 
reduced to pair of stripes. Rounded maculae under lateral ocelli and blurred or tri-
angular maculae near inner edges of compound eyes. Pair of pale stripes extending 
from lateral ocelli to lateral edges of head. Pair of maculae located along coronal su-
ture. Compound eyes dark grey to black in female, brownish and basally blackish in 
male mature larva. Ocelli dark grey to black, basally paler. Antennae yellowish-brown, 
scapus and pedicellus darkened. Anterior margin densely covered with hair-like setae 
extending to lateral margins and directed medio-dorsally. Dorsal surface covered with 
fine hair-like setae and sparsely distributed stick-like setae. Sparse longer, fine, hair-like 
setae located posteriorly to eyes.

Mouthparts. Labrum (Fig. 6A) widened anteriorly, with anterior margin slightly 
rounded or nearly straight (in dorsal view). Lateral angles rounded (shape of labrum 
may vary among individual specimens). Dorsal surface (Fig. 6A, right half ) sparsely 
covered with setae of different size; four longer, bristle-like setae located antero-medi-
ally and two antero-laterally. Epipharynx with longer, shortly plumose bristles situated 
along lateral to anterior margin (Fig. 6A, left half; range of setation figured as large 
black dots), and brush of fine hair-like setae medially (not figured). Posterior margin of 
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labrum irregularly concave; with group of 6–10 setae of various size located on ventral 
surface close to posterior margin. Outer incisors of both mandibles (Fig. 6B, C) with 
three apical teeth; outer tooth blunt in both mandibles. Inner incisor of left mandible 
with three apical teeth, right inner incisor bifurcated.

Thorax. Pronotum anteriorly narrowed, lateral edges nearly straight. Metanotum 
with slight postero-medial projection. Dorsal surface covered with fine hair-like setae 
(as on abdominal terga and head); sparse longer hair-like setae along pro, meso- and 
metanotal suture.

Legs. Colour pattern of femora as in Fig. 5F. Femora with rounded medial hypo-
dermal femur spot. Patella-tibial suture darkened; tarsi proximally and distally dark-
ened. Coxal projections of fore- and hind legs pointed or bluntly pointed; of middle 
legs blunt. Trochanteres with spatulate setae as on dorsal surface of femora (Fig. 6D). 
Tibiae of forelegs 1.20–1.31× femur length, tibiae of middle legs 1.06–1.14× femur 
length, and tibiae of hind legs 0.90–1.04× femur length. Tarsi of all legs 0.25–0.34× 
tibia length. Dorsal surface of femora covered by elongated and sporadically short 

Figure 5. Epeorus (Caucasiron) zagrosicus sp. nov., larva: A habitus in dorsal view B habitus in ventral 
view C habitus in lateral view D head of male in dorsal view e head of female in dorsal view F middle leg 
in dorsal view G distal part of abdomen in ventral view h–J colouration of abdominal terga K colouration 
of abdominal sterna.
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rounded spatulate setae (Fig. 6D); hair-like setae and sparsely distributed stick-like 
setae. Anterior margin of femora with short, pointed and/or bluntly pointed spine-
like setae; posterior margin with row of long blade-like setae and sparse row of bluntly 
pointed spine-like setae. Dorsal margin of tibiae and tarsi with row of long setae; ven-
tral margin of both with irregular row of spine-like setae accumulated distally. Tarsal 
claws with two or three denticles.

Abdominal terga. Colour pattern of abdominal terga includes transversal stripe 
along anterior margin of terga I–IX (X) medially extending to triangular, short rectan-

Figure 6. Epeorus (Caucasiron) zagrosicus sp. nov., larva: A labrum (right half in dorsal view, left half 
in ventral view) B incisors of right mandible in ventral view C incisors of left mandible in ventral 
view (both flattened on slide) D setae on dorsal surface of femora e surface and posterior margin 
of abdominal tergum VII F gill I G gill III h–I abdominal segments VIII–X J sternum IX, female 
K  sternum IX, male l gill VII (flattened on slide) M–O gill VII (in natural position from ventral 
view), variability in shape.
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gular or stripe-like medial macula on terga (III) IV–IX (transversal stripe sometimes 
not distinctly extended, for variability see Fig. 5A, H–J). Pair of sigilla sometimes col-
oured, in form of short stripes or spots located antero-laterally to medial macula. Ter-
gum X without distinct maculation. Lateral margins of abdomen with oblique maculae 
on terga I–IX extending to dorso-posterior margin. Denticles along posterior margin 
on terga of various size, irregular and pointed, sometimes curved (Fig. 6E). Surface 
of terga covered with hair-like setae and sparsely with stick-like setae. Supra-tergalial 
projections short and blunt. Tergum X with more or less developed postero-lateral 
projections (Fig. 6H, I, arrows). Longitudinal row of hair-like setae medially along 
abdominal terga present.

Abdominal sterna. Yellowish, with distinct colouration pattern consisting of ante-
riorly widened pair of stripes (medio-anterior sigilla) on terga II–VIII (Fig. 5B, G, K). 
Sometimes only oblique stripes are present, without anterior widening (especially on 
sterna VI–VIII). Nerve ganglia occasionally darkened. Intensity of colouration varies 
among individuals. Sternum IX with V-shaped medial emargination; surface covered 
by irregularly distributed short hair-like setae, and medially accumulated longer hair-
like setae (Fig. 6J, K).

Gills. Dorsal surface of gill plate I yellowish; of gill plates II–VII greyish on an-
terior half and brownish to reddish on posterior half. Ventral margin of all gill plates 
yellowish. Projection of gill plate III well developed (Fig. 6G). Shape of gill plate VII 
(in natural position from ventral view) varies from narrow to relatively wide (Figs 5G, 
6M–O). Gill filaments reaching to 0.4–0.5× length of respective plate, filaments of gill 
VII to 0.24–0.30× (in late-instar larvae).

Cerci. Brownish, basally darkened.
Subimago, imago and eggs. Unknown
Morphological diagnostics of larvae. The main larval diagnostic characters of E. 

(C.) zagrosicus sp. nov. are as follows: (i) colour pattern of abdominal sterna (Fig. 5B, 
G, K) and abdominal terga (Fig. 5A, H–J), (ii) presence of postero-lateral projections 
on tergum X (Fig. 6H, I), (iii) presence of hypodermal medial femur spot (Fig. 5F), 
and (iv) fine hair-like setae on surface of abdominal terga (Fig. 6E).

Affinities. Based on the colour pattern of abdominal sterna, E. (C.) zagrosicus sp. 
nov. is most similar to E. (C.) caucasicus and E. (C.) iranicus. Both latter species pos-
sess pigmented medio-anterior sigilla forming a pair of oblique stripes on abdominal 
sterna II–VIII (e.g., Braasch 1979: 284, fig. 3b), and a medial hypodermal femur spot. 
However, E. (C.) zagrosicus sp. nov. differs by the distinct widening at the anterior 
margin of medio-anterior sigilla of abdominal sterna. If the sternal colour pattern is 
not fully developed (sporadically only stripes are present on all or several sterna), E. 
(C.) zagrosicus sp. nov. is distinguishable by the colour pattern of abdominal terga (Fig. 
5A, H–J), which is different in E. (C.) caucasicus (Braasch 1979: 284, fig. 3a) and E. 
(C.) iranicus (Braasch and Soldán 1979: 264, fig. 12). In E. (C.) zagrosicus sp. nov., 
the postero-lateral projections on the tergum X are well-developed, whereas they are 
not significantly pronounced in either of the two species mentioned above (only small 
projections may be sporadically present).
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Distinct postero-lateral projections on the tergum X are characteristic for E. (C.) 
magnus, E. (C.) nigripilosus, and E. (C.) alborzicus sp. nov. Small projections are also 
sporadically present in E. (C.) znojkoi. E. (C.) magnus can be easily distinguished from 
E. (C.) zagrosicus sp. nov. by the absence of colour pattern of abdominal sterna, the 
absence of a medial hypodermal femur spot, and setation on dorsal margin of labrum 
(numerous thickened bristle-like setae, Hrivniak et al., in prep.). E. (C.) nigripilosus 
and E. (C.) alborzicus sp. nov. differ by a typical colouration pattern of abdominal 
sterna (Sinitshenkova 1976: 89, fig. 28 for E. (C.) nigripilosus and Fig. 1B, G, K–M for 
E. (C.) alborzicus sp. nov.). E. (C.) znojkoi can be distinguished from E. (C.) zagrosicus 
sp. nov. by the colour pattern of abdominal terga and characteristic reddish colouration 
of abdominal sterna (Braasch 1980: 172, fig. 4b, c).

The presence of a medial hypodermal femur spot makes E. (C.) zagrosicus sp. nov. 
slightly similar to E. (C.) turcicus and E. (C.) alborzicus sp. nov. However, the presence 
of the characteristic pattern of abdominal sterna in E. (C.) alborzicus sp. nov. (Fig. 1B, 
G, K–M), and the absence of colouration pattern of abdominal sterna in E. (C.) tur-
cicus reliably differentiate both species from E. (C.) zagrosicus sp. nov. Additionally, E. 
(C.) turcicus differs by the characteristic colour pattern of abdominal terga (Hrivniak 
et al. 2019: 61, fig. 1).

The other five species distributed in the Caucasus, namely E. (C.) sinitshenkovae, E. 
(C.) alpestris, E. (C.) bicolliculatus, E. (C.) longimaculatus, and E. (C.) soldani, do not 
share any important diagnostic characters with E. (C.) zagrosicus sp. nov. Nevertheless, 
E. (C.) sinitshenkovae and E. (C.) alpestris can be separated from E. (C.) zagrosicus sp. 
nov. by the absence of a medial hypodermal femur spot, overall colouration of the 
dorsal surface of femora (E. (C.) sinitshenkovae, Braasch and Zimmerman 1979: 106, 
fig. 10), and the different colouration of abdominal sterna (E. (C.) alpestris, Braasch 
1979: 284, fig. 1d). Fine hair-like setae on the dorsal surface of abdominal terga clearly 
distinguish E. (C.) zagrosicus sp. nov. from E. (C.) bicolliculatus, E. (C.) longimaculatus, 
and E. (C.) soldani. All three species are characteristic by the presence of flattened setae 
on abdominal terga (Hrivniak et al. 2017: 359, figs 23–25).

Results from molecular species delimitation

The GMYC model provided significantly better fit to COI gene tree than the null 
model expecting uniform coalescent branching rates across entire tree (likelihood ratio 
test = 3.671927e-06***). The GMYC estimated 15 species (CI=13–19) consisting of 
14 ML clusters and one singleton (CI = 12–16). All three newly described species were 
confirmed, and the overall number of delimited GMYC species corresponded well to 
morphologically defined species within Caucasiron (Fig. 7C). Monophyly of all species 
clusters were highly supported (PP = 1).

The ABGD analysis of the COI distance matrix recognized 15 stable groups within 
initial partition. All groups corresponded well to morphologically defined species and 
were congruent with GMYC analysis. All three newly proposed species were recog-
nized as distinct groups (Fig. 7C). The mean pairwise genetic K2P distances between 
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all Caucasiron species, including newly described, ranged between 6.71% (E. (C.) cau-
casicus / E. (C.) iranicus) and 17.68% (E. (C.) alpestris / E. (C.) zagrosicus sp. nov.). 
Maximum intraspecific and minimum interspecific distances were observed in E. (C.) 
nigripilosus (4.12%; Iran/Cyprus) and E. (C.) caucasicus / E. (C.) iranicus (5.48%), 
respectively. Overall distribution of K2P pairwise genetic distances is figured on Fig. 
7A. Mean intraspecific genetic distances for all new species relative to individual Cau-
casiron species are shown in Fig. 7B.

Distribution of Caucasiron in Iran

Specimens of the genus Epeorus were found in 68 localities of all 254 localities in-
vestigated by us in 2016–2018 (Fig. 8) and in seven additional localities investigated 
by others (Braasch and Soldán 1979; Mousavi and Hakobyan 2017) (Table 1). Their 
occurrence was limited to streams with good water quality at altitudes between -4 
and 2440 m a.s.l. (Table 1). They were neither found in polluted streams of agri-
cultural and urban areas, nor in seasonally drying streams. Most of the species and 

Figure 7. Results of the molecular species delimitation: A distribution of K2P pairwise genetic distances 
B mean pairwise genetic distances between new species and all Caucasian Caucasiron species known C 
COI gene tree with the results of molecular species delimitation analyses and morphology (node supports 
for species are indicated).
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records were found in the Alborz in northern Iran (Fig. 9). These mountains host 
five species of the subgenus Caucasiron and one species of the subgenus Epeorus (E. 
zaitzevi). Except for the newly described species, E. (C.) nigripilosus found in five 
localities in the Alborz is new for Iran (its genetic data from the Alborz were used in 
phylogeographical analyses in Hrivniak et al. 2020). It is a widely distributed species 
ranging from Cyprus and Turkey to Georgia, Russia and Iraq (Sinitshenkova, 1976; 
Braasch 1979; Al-Zubaidi et al. 1987; Salur et al. 2016; Gabelashvili et al. 2018; 
Hrivniak et al. 2020). The identification of E. (C.) nigripilosus was confirmed by 
both morphological characters and molecular delimitation. The specimen from the 

Figure 8. The map showing the occurrence of Epeorus (Caucasiron) spp. at all localities investigated in 
Iran. Colour of symbols shows the occurrence of species: green – Epeorus (Caucasiron) zagrosicus sp. nov., 
dark blue – Epeorus (Epeorus) zaitzevi, and violet – all other Epeorus (Caucasiron) species. Black symbols 
show collection points where no species of Epeorus was found. The letter H shows the locality of the 
respective holotype.
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Alborz (coded as NI10I in Fig. 7C) clustered within the clade containing conspecific 
individuals from Russia and Turkey in the analysis of COI. It differed from these 
conspecifics in 2.8–3.6 % of K2P distance.

The most common Caucasiron species in the Alborz is E. (C.) cf. znojkoi distrib-
uted from the Talysh Mts. in the west to the Golestan NP in the east (Fig. 9). However, 
our study dealing with the molecular diversity of Caucasiron species in the Caucasus 
and adjacent regions (Hrivniak et al. 2020) indicated that E. (C.) znojkoi might rep-
resent a complex of cryptic species (only a subset of sequences included in the present 
study). The lineage Caucasiron sp. 4 (see Hrivniak et al. 2020) occurring in Iran (here 
called E. (C.) cf. znojkoi) differed from the Central Caucasian lineage. The delimitation 
of species within E. (C.) znojkoi s. l. requires further study. Nevertheless, the morpho-
type of E. (C.) cf. znojkoi has a wide geographical and ecological range, occurring at 
altitudes from -4 to 2290 m a.s.l. in northern Iran (Table 1). It was often found in 
shallow warm streams with good water quality flowing in humid broadleaved forests in 
the Caspian Sea lowland; approximately half of its localities was below 350 m a.s.l. At 
higher altitude, it may co-occur with E. (C.) alborzicus sp. nov., E. (C.) shargi sp. nov., 
E. (C.) nigripilosus, and E. (C.) iranicus (Fig. 9).

Three Caucasiron species, E. (C.) iranicus, E. (C.) alborzicus sp. nov., and E. (C.) 
shargi sp. nov., were described from the Alborz and are so far only known from there. 
E. (C.) iranicus is reliably reported from 12 localities, eight of them above 2000 m a.s.l. 
These include the Sabalan Mt. slopes in the western Alborz and the central Alborz, 
where it can co-occur with E. (C.) alborzicus sp. nov. (Fig. 9). It was found only in very 
cold streams fed by glaciers and melting snow from the highest mountains, with 

Figure 9. Distribution of Epeorus (Caucasiron) species in northern Iran. Colour of symbols shows the oc-
currence of species: red – E. (C.) alborzicus sp. nov., light blue – E. (C.) shargi sp. nov., violet – E. (C.) cf. 
znojkoi, black – E. (C.) iranicus, yellow – E. (C.) nigripilosus. The letter H shows the localities of holotypes. 
Black symbols with white cross show unrevised records of E. (C.) iranicus.
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Alborz (coded as NI10I in Fig. 7C) clustered within the clade containing conspecific 
individuals from Russia and Turkey in the analysis of COI. It differed from these 
conspecifics in 2.8–3.6 % of K2P distance.

The most common Caucasiron species in the Alborz is E. (C.) cf. znojkoi distrib-
uted from the Talysh Mts. in the west to the Golestan NP in the east (Fig. 9). However, 

Figure 10. Photos of the localities of the new Epeorus (Caucasiron) species described herein: A unnamed 
brook near Panjab village – type locality of E. (C.) alborzicus sp. nov. B unnamed brook near Kahrud-e 
Bala village – locality of E. (C.) alborzicus sp. nov. C unnamed river near Shirinabad village – type locality 
of E. (C.) shargi sp. nov. D unnamed brook near Chah-e Ja village – locality of E. (C.) shargi sp. nov. e 
Gamasiab River near Varayeneh village – type locality of E. (C.) zagrosicus sp. nov. F Yasuj fall near Yasuj 
village – locality of E. (C.) zagrosicus sp. nov.
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Alborz (coded as NI10I in Fig. 7C) clustered within the clade containing conspecific 
individuals from Russia and Turkey in the analysis of COI. It differed from these 
conspecifics in 2.8–3.6 % of K2P distance.

The most common Caucasiron species in the Alborz is E. (C.) cf. znojkoi distrib-
uted from the Talysh Mts. in the west to the Golestan NP in the east (Fig. 9). However, 
our study dealing with the molecular diversity of Caucasiron species in the Caucasus 
and adjacent regions (Hrivniak et al. 2020) indicated that E. (C.) znojkoi might rep-
resent a complex of cryptic species (only a subset of sequences included in the present 
study). The lineage Caucasiron sp. 4 (see Hrivniak et al. 2020) occurring in Iran (here 
called E. (C.) cf. znojkoi) differed from the Central Caucasian lineage. The delimitation 
of species within E. (C.) znojkoi s. l. requires further study. Nevertheless, the morpho-
type of E. (C.) cf. znojkoi has a wide geographical and ecological range, occurring at 
altitudes from -4 to 2290 m a.s.l. in northern Iran (Table 1). It was often found in 
shallow warm streams with good water quality flowing in humid broadleaved forests in 
the Caspian Sea lowland; approximately half of its localities was below 350 m a.s.l. At 
higher altitude, it can co-occur with E. (C.) alborzicus sp. nov., E. (C.) shargi sp. nov., 
E. (C.) nigripilosus, and E. (C.) iranicus (Fig. 9).

Three Caucasiron species, E. (C.) iranicus, E. (C.) alborzicus sp. nov., and E. (C.) 
shargi sp. nov., were described from the Alborz and are so far only known from there. 
E. (C.) iranicus is reliably reported from 12 localities, eight of them above 2000 m a.s.l. 
These include the Sabalan Mt. slopes in the western Alborz and the central Alborz, where 
it can co-occur with E. (C.) alborzicus sp. nov. (Fig. 9). It was found only in very cold 
streams fed by glaciers and melting snow from the highest mountains, with very rapid 
flow and strongly turbulent riffle sections. Four records of E. (C.) iranicus published by 
Mousavi and Hakobyan (2017) should be revised, because they included a wide range 
of altitude (20–2120 m a.s.l.) and were very close to our records of E. (C.) alborzicus sp. 
nov. and E. (C.) cf. znojkoi. The two new species from the Alborz seem to differ in habitat 
requirements. Epeorus (C.) alborzicus sp. nov. was only found in higher altitudes. These 
were all treeless localities in montane valleys with harsh climatic conditions, whereas E. 
(C.) shargi sp. nov. was found well below in submontane streams that were flowing in 
forests. The latter species was recorded only in the eastern Alborz near Gorgan (Fig. 9).

Other streams investigated in Iranian mountain ranges were dominated by Baeti-
dae, and Heptageniidae were generally only scattered there. Larvae of E. (C.) zagrosicus 
sp. nov. and E. (E.) zaitzevi were found only in five and seven localities respectively, 
relatively distant to each other in the Zagros (Fig. 8). However, most of the streams 
explored in the Zagros were polluted or seasonally drying out due to the water storage 
in dams and water abstraction for irrigation of surrounding fields. Moreover, streams 
at higher altitude with presumably better water quality were almost inaccessible for us 
in April and May during our field trips. As E. (C.) zagrosicus sp. nov. was mostly found 
in natural streams in high-mountain valleys only with sparse villages, we expect that its 
distribution is limited to clear and cold mountain streams. However, a more detailed 
investigation of mayflies in high-mountain streams in Iran is needed.
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Introduction

The pygmy mole cricket genus Xya (Orthoptera, Tridactyloidea, Tridactylidae) was 
established by Latreille in 1809 with Tridactylus variegatus as its type species. The ge-
nus Xya Latreille, 1809 contains 59 described species worldwide, of which about 19 
species are known to occur in Asia. According to the online Orthoptera Species File 
(http://orthoptera.speciesfile.org/HomePage/Orthoptera/HomePage.aspx, accessed 
6 April 2018) the nine species that have been reported in China are: Xya japonica 
(Haan, 1844); Xya nitobei (Shiraki, 1911); Xya manchurei Shiraki, 1936; Xya apici-
cornis (Chopard, 1928); Xya riparia (Saussure, 1877); Xya leshanensis Cao, Shi & Hu, 
2017; Xya shandongensis Zhang, Yin & Yin, 2018; Xya sichuanensis Cao, Shi & Yin, 
2018 and Xya fujianensis Cao, Chen & Yin, 2020 (Latreille 1809; Haan 1844; Walker 
1871; Saussure 1877, 1896; Brunner von Wattenwyl 1893; Bolívar 1900 (1899); Shi-
raki 1911; Chopard 1928, 1936, 1968; Bey-Bienko 1967; Günther 1974, 1980, 1995; 
Ingrisch 1987; Yin et al. 1996; Murai 2005; Yin et al. 2013; Heads and Hollier 2016; 
Kuravova and Kocarek 2016; Cao et al. 2017; Zhang et al. 2017; Cigliano et al. 2018; 
Cao et al. 2018 and Cao et al. 2020)

During an ongoing study of pygmy mole crickets, we collected a series of speci-
mens belonging to the genus Xya, described two new species, namely Xya xishangbanna 
sp. nov. and Xya yunnanensis sp. nov., and provide a key to all the Chinese Xya species.

Material and methods

All the jumping pygmy mole cricket specimens examined in the present study were 
collected by a small patented appliance (Cao et al. 2015) with high collection effi-
ciency. Photos of the habitat were taken by a Canon camera (EOS 100D). After killed 
in a poison bottle with diethyl ether and the body postures arranged, specimens were 
examined using an Olympus SZX9 stereomicroscope, and habitus photographs and 
measurements were taken using a microscopic LY-WN system. All pictures were then 
processed using Photoshop CS6 software.

All examined specimens are deposited in the Leshan Normal University, Leshan, 
Sichuan Province, China.

taxonomy

Xya xishangbanna sp. nov.
http://zoobank.org/2BA1572A-C865-4DFE-81DF-91CE1E936591
Figures 1–7

Type material. Holotype: China • ♂; Yunnan Province, Xishuangbanna, Mengla 
County, Wuxiangguangchang; 21.92N, 101.11E; 21–24 Mar. 2019; leg. Chao Tong 
and Shenzhi Chen.
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Paratype. China • 1♀, same data as holotype.
Description. Male. Habitus with bright or shiny surface. Head black with brown 

band along inner margin of compound eyes. Antennae moniliform, black, 10 segments, 
length of each antennomere almost equal to width. Compound eyes dark brown to 
black, 2 times broader than longer, rounded in front. Ocelli grayish white. Gena black.

Figures 1–7. Xya xishangbanna sp. nov. 1 body in dorsal view ♂ 2 body in lateral view ♂ 3 body in 
ventral view ♂ 4 body in dorsal view♀ 5 head in frontal view ♀ 6 end of abdomen in posterior view ♂ 
7 gonopore in ventral view ♀. Scale bars: 1.0 mm.
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Thorax. Pronotum black, width about 1.25 times length, yellow on ventral mar-
gin. Forewings blackish-brown, with pair of basal and medial brown spots. Hindwings 
yellowish-white, extending beyond the end of abdomen distinctly. Fore and mid legs 
dark brown with yellow spots. Hind legs with femora dark brown, dorsal margin black, 
with yellowish-white spots; hind tibiae yellowish-brown, with three (inside) and four 
(outside) pairs of articulated lamellae.

Abdomen. Abdomen black, gray along posterior margin of each segment. Apex of 
every sternite with distinct transverse white stripe. Cerci black, paraproctal lobe slight-
ly lighter in coloration than cerci. Epiproct with bottom of the middle “v-shaped” 
crack in the upper part shallow, and sides straight (Fig. 13A). Female. Body larger than 
male in size. Abdominal segments black with posterior margin gray for each segment. 
Epiproct rounded. Subgenital plate margin with a notch. Others same as male.

Measurement (mm). Length of body: ♂ 5.63, ♀ 7.16. Length of fore wing: ♂ 1.59, 
♀ 2.37. Length of hind wing: ♂ 4.84, ♀ 6.28. Length of hind femur: ♂ 3.76, ♀ 4.50.

Distribution. China (Yunnan).
Diagnosis. This species can be diagnosed by the shiny dark brown hind fem-

ora. It is most similar to X. leshanensis Cao et al. in the compound eyes with a 
narrow band along the inner margin. It can be distinguished from the latter by 
the body with dorsal surface not rough, but more shiny; the compound eyes with 
a prominent brown band along their inner margin on both sides; the hind femora 
dark brown, with a pair of white and yellow longitudinal spots; forewings with a 
pair of basal and apical brownish spots; the length of hind wing more than 4.0 mm; 
and the epiproct with shallow bottom of the middle “v-shaped” crack in the upper 
part, and straight sides. In X. leshanensis, the body surface is rough; the compound 
eyes bear a yellowish-white band along the inner margin; the hind femora are 
black, bearing four yellowish-white spots near the middle; the forewings have no 
spot; the length of hind wings is less than 4.0 mm; and the epiproct has deep “v-
shaped” crack in the upper part with the sides curved (Fig. 13B). Major differences 
are listed in Table 1.

Etymology. The specific epithet is named after Xishuangbanna, the type locality.

table 1. Comparison of Xya xishangbanna sp. nov. and Xya leshanensis Cao et al.

Characters Xya xishangbanna sp. nov. X. leshanensis
Body surface Not rough, more shiny Rough, without shiny appearance
Antennomere of 
antennae

Apical part narrower than basal part in width Apical part almost same as basal part in width 

Compound eyes With brown band along inner margin With yellowish-white band along inner margin
Hind femora Dark brown, with pair of white and yellow 

longitudinal spots
Black, with four yellowish-white spots near the 

middle
Forewings Blackish-brown with a pair of basal and apical 

brownish spots, more than 1.4 mm long
Blackish-brown without spots, less than 1.4 mm 

long
Hindwings More than 4.0 mm long Less than 4.0 mm long
Epiproct Bottom of the middle “v-shaped” crack in the 

upper part is shallow, and the sides straight.
Bottom of the middle “v-shaped” crack in the 

upper part is deep, and the sides curved.
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Xya yunnanensis sp. nov.
http://zoobank.org/0D105287-AD35-420C-A732-F982405D669E
Figures 8–12

Type material. Holotype: China • ♂; Yunnan Province, Xishuangbanna, Mengla County, 
♂, Wujiazhai; 22.05N, 100.89E; 21–24 Mar. 2019; leg. Chao Tong and Shenzhi Chen.

Figures 8–12. Xya yunnanensis sp. nov. 8 Body in dorsal view ♂ 9 Body in lateral view ♂ 10 Body in 
ventral view ♂ 11 Head in frontal view ♂ 12 End of abdomen in posterior view ♂. Scale bars: 1.0 mm.
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Figure 13. The line diagrams for male epiproct of four Xya species. A Xya xishangbanna sp. nov. B Xya 
leshanensis C X. yunnanensis sp. nov. D X. sichuanensis.

Description. Male. Head black, without band along inner margin of compound 
eye. Labial palpi black. Antennae filiform, black, 10 segmented, 10th segment dark 
fuscous, each segment widens from base to apex. Compound eyes grayish black. Three 
white ocelli. Gena below the compound eye black.

Thorax. Pronotum black, width about 1.2 times length, with reddish brown lus-
ter, white on lateral margin intermittently. Forewings black, with two obscure dirty 
white sub-rectangular patches at base and apex respectively. Hindwings white, black 
along posterior margin, about 5/6 length of abdomen. Fore legs yellowish-white; 
femora with black longitudinal stripe; tarsi with three yellowish-white distal spines. 
Mid legs black, with yellowish-white irregular markings on femora and tibiae. Hind 
legs with femora black, with a narrow yellowish-brown marking on basal 1/3 ventral-
ly; semi-lunar process black, yellowish-brown at base; tibia yellowish-brown, darkens 
toward apex, with three (inside) and four (outside) pairs of articulated lamellae.

Abdomen. Abdomen black, white along posterior margin of each segment. Cerci 
with two segments, 1st segment black, white at base; 2nd segment pale fuscous, with 
sparse long white setae. Stylus black on outer side, pale fuscous on inner side, shorter 
than cerci. Epiproct with shallow “v-shaped” crack in the upper part, bottom of the 
side edge has a sharply angled protrusion, and width of the narrow lower anchor-
shaped base is less than 1/2 the width of the upper one (Fig. 13C).

Female. Unknown.
Measurement (mm). Length of body: ♂ 5.43. Length of fore wing: ♂ 1.28. 

Length of hind wing: ♂ 2.47. Length of hind femur: ♂ 3.72.
Distribution. China (Yunnan).
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Diagnosis. This species can be diagnosed by the compound eye bearing no narrow 
band along the inner margin. It is most similar to X. sichuanensis Cao et al. in having four 
markings on the forewing, and lacking a patch on the pronotum dorsally. It can be dis-
tinguished from the latter by the compound eyes without a narrow band along the inner 
margin; with no ring around the median ocelli; the black gena below the compound eye; 
the forewing with obscure dirty white sub-rectangular patches, the length of fore wing 
about 1.28 mm; the white hindwing; and the epiproct with bottom of the side edge 
with a sharply angled protrusion and the narrow lower anchor-shaped base less than 1/2 
the width of the upper one. In X. sichuanensis, the compound eyes bear a narrow yellow 
band along inner margin; bears a yellow ring around the median ocelli; the gena below 
the compound eye is yellow; the forewings have yellow triangular patches, the length of 
fore wing is about 0.9–1.1 mm; the hindwings are yellow; the epiproct with bottom of 
the side edge without a sharply angled protrusion and the large lower anchor base about 
4/5 the width of the upper one (Fig. 13D). Major differences are listed in Table 2.

Etymology. The specific epithet is named after Yunnan, the type locality.
Biology. These two new species are found along waterways and under mud and 

stones amidst many different plants and shrubs (Fig. 14). They seem to be living near 
humid sand with water nearby. The adults were collected during the month of August. 
They can jump from both the ground and water.

Figure 14. Landscape of habitat in Wuxiangguangchang (A, B) and in Wujiazhai (C, D) in Xishuang-
banna, Yunnan, China.
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table 2. Comparison of X. yunnanensis sp. nov. and X. sichuanensis Cao et al.

Characters X. yunnanensis sp. nov. X. sichuanensis
Compound eyes Without narrow band along inner margin With a narrow yellow band along inner margin 
Median ocelli Without ring around With a yellow ring around
Gena below the 
compound eye

Yellow Black

Forewings With obscure dirty white sub-rectangular 
patches, about 1.28 mm

With yellow triangular patches, about 0.9-1.1 mm 

Hindwings White Yellow
Hind femora With a narrow yellowish-brown marking on 

basal 1/3 ventrally
Without marking on basal 1/3 ventrally

Epiproct Bottom of the side edge with a sharply angled 
protrusion and the narrow lower anchor-
shaped base less than 1/2 the width of the 

upper one

Bottom of the side edge without a sharply angled 
protrusion and the large lower anchor base about 

4/5 the width of the upper one

Key to all Xya species in China based on the male superficial characters

1 Hind femur with marking...........................................................................2
– Hind femur without marking .....................................................................8
2 Hindwing white ..........................................................................................3
– Hindwing black or dark ..............................................................................7
3 Antenna with apical 2 or 3 segments white .............................X. apicicornis
– Antenna with apical 2 or 3 segments black .................................................4
4 Forewing with marking ...............................................................................5
– Forewing without marking .....................................................X. leshanensis
5 Hind femur with pair of longitudinal spots .................................................6
– Hind femur with four spots ..........................................................X. riparia
6 Pronotum with two yellow spots near anterior margin ............X. fujianensis
– Pronotum without spots near anterior margin ..............................................

 ............................................................................ X. xishangbanna sp. nov.
7 Hind femur with a yellowish-white sub-ovate spot ............ X. shandongensis
– Hind femur with a white triangular spot .......................................X. nitobei
8 Forewing with marking ...............................................................................9
– Forewing without marking .......................................................................10
9 Compound eye with narrow band along inner margin ..................................

 ............................................................................................ X. sichuanensis
– Compound eye without narrow band along inner margin .............................

 ...............................................................................X. yunnanensis sp. nov.
10 Hindwing black ......................................................................... X. japonica
– Hindwing pale yellowish-brown .............................................X. manchurei
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Introduction

The Oestridae are a family within the superfamily Oestroidea, together with the fami-
lies Calliphoridae, Rhiniidae, Sarcophagidae, Mystacinobiidae, Tachinidae, and Rhi-
nophoridae (Pape et al. 2011). These families, except for Calliphoridae, are monophyl-
etic, and the concept of Oestridae as a monophyletic family within the Oestroidea has 
been clearly established (Pape 1992; Pape 2001; Pape and Arnaud Jr 2001; Marinho 
et al. 2012).

Flies of the family Oestridae are large robust flies, with hair-like setae or soft setu-
lae, without stout setae, mostly bee- or wasp-like, without vibrissae, and with reduced 
mouthparts (Marshall et al. 2017). They are commonly known as bot flies, warble flies, 
heel flies, and gad flies (Mote 1928; Saini and Sankhala 2015). Several species of these 
flies have significant medical and veterinary importance because of their mammal-
parasitizing habits; thus, they receive substantial attention from applied entomologists, 
wildlife ecologists, and assuredly from taxonomists (Pape 2001).

Bot flies were formerly classified into four families: Cuterebridae, Gasterophilidae, 
Hypodermatidae, and Oestridae. However, they are conveniently treated now as a sin-
gle family, Oestridae, including the former families as subfamilies, namely: Cuterebri-
nae, Gasterophilinae, Hypodermatinae, and Oestrinae (Wood 1987; Pape 1992; Pape 
2001). All these subfamilies, except the first, are represented in Saudi Arabia and/or 
Egypt by six genera (Table 1): Gasterophilus (Gasterophilinae), Hypoderma, Przheval-
skiana (Hypodermatinae), Cephalopina, Oestrus and Rhinoestrus (Oestrinae) (Steyskal 
and El-Bialy 1967; Büttiker and Zumpt 1982).

Larvae of the genus Gasterophilus are common obligatory endoparasites of the 
alimentary tract of equines (Equus spp.) including horses, donkeys, and zebras in the 
family Equidae (Abdel Rahman et al. 2018). They can also affect other animals, such 
as rhinoceroses, lions, cows, sheep, goats, and even were recorded in a human infant 
(Royce et al. 1999). These larvae cause gastrointestinal myiasis leading to gastrointes-
tinal ulcerations, gut obstructions or volvulus, rectal prolapses, anemia, diarrhea, and 
other digestive disorders (Hoseini et al. 2017). Species of the genus Gasterophilus have 
become near cosmopolitan because their distribution coincides with that of their do-
mesticated hosts (Li et al. 2019a). Six Gasterophilus spp. have been recorded from the 
Old World (Zumpt 1965; Soós and Minar 1986a). Five of these have been recorded 
in Egypt, namely, G. haemorrhoidalis (Linnaeus), G. intestinalis (De Geer), G. nasalis 
(Linnaeus), G. nigricornis (Loew), and G. pecorum (Fabricius) (Steyskal and El-Bialy 
1967, Soós and Minar 1986a). Only two have also been recorded from Saudi Arabia, 
namely: G. intestinalis and G. nasalis (Abu-Thuraya 1982; Büttiker and Zumpt 1982; 
Abu-Zoherah et al. 1993; Al-Ahamdi and Salem 1999).

The subfamily Hypodermatinae is represented in both Egypt and Saudi Arabia 
by only four species in two genera, namely, H. bovis (Linnaeus) and H. desertorum 
Brauer (in Egypt only), and H. lineatum  (Villers) and P. silenus (Brauer) (in both 
Egypt and Saudi Arabia) (Steyskal and El-Bialy 1967; Büttiker and Zumpt 1982; 
Soós and Minar 1986b; El-Azzazy 1997; Morsy et al. 1998). The common and best 
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table 1. Oestrid species recorded from Egypt and Saudi Arabia (* = recorded, x = not recorded).

Species Egypt Saudi Arabia
Subfamily Gasterophilinae
Gasterophilus haemorrhoidalis (Linnaeus, 1758) * x
Gasterophilus intestinalis (De Geer, 1776) * *
Gasterophilus nasalis (Linnaeus, 1758) * *
Gasterophilus nigricornis (Loew, 1863) * x
Gasterophilus pecorum (Fabricius, 1794) * x
Subfamily Hypodermatinae
Hypoderma bovis (Linnaeus, 1758) * x
Hypoderma desertorum Brauer, 1897 * x
Hypoderma lineatum (Villers, 1789) x *
Przhevalskiana silenus (Brauer, 1858) * *
Subfamily Oestrinae
Cephalopina titillator (Clark, 1816) * *
Oestrus ovis (Linnaeus, 1758) * *
Rhinoestrus purpureus (Brauer, 1858) * x

known subcutaneous myiasis in domesticated and wild ruminants called bovine hy-
podermosis is caused by larvae of Hypoderma species across the Old World (Boulard 
2002). This disease is endemic in livestock, including cattle, buffaloes, goats, sheep, 
and deer. Hypodermosis results in a severe decline in the production of meat and milk 
and depreciation in hide quality from holes and other flaws caused by Hypoderma lar-
vae (Hall and Wall 1995). The larvae of P. silenus (goat warble fly) are known to cause 
subcutaneous myiasis distinguished by nodules on the back of goats and sheep. This 
myiasis causes severe economic problems to the livestock industry, including abor-
tion and reduction in the body weight, fertility, and dairy production of the infested 
animals, in addition to a reduction in the quality of the hides and wool of the animal 
(Liakos 1986; El-Azzazy 1997).

Flies in the subfamily Oestrinae are known as nasopharyngeal bot flies; they are 
host specific and cause obligatory myiasis in many animal species. Their obligatory 
parasitic larvae are known to cause nasopharyngeal myiases giving rise to respiratory 
problems, rhinitis, irritation, purulent mucous exudates, and nasal discharge (Catts 
and Mullen 2002; Otranto et al. 2003). Two oestrine species are widely distributed 
in both Egypt and Saudi Arabia, namely, O. ovis (sheep nasal bot fly) and C. titillator 
(camel nasal bot fly), which cause economic damage in the animal husbandry industry 
(Abu-Thuraya 1982; Büttiker and Zumpt 1982; Zayed 1998; Alahmed 2002). An-
other oestrine species, R. purpureus (equine nasal bot fly), is represented in Egypt and 
causes a parasitic disease in horses and donkeys called rhinoestrosis, which is character-
ized by clinical signs ranging from inflammation to coughing, sneezing, and dyspnea 
(Otranto 2004; Hilali et al. 2015).

Egypt and Saudi Arabia are two neighboring Middle Eastern countries separated 
by the Red Sea and the Gulf of Aqaba (Fig. 1). They are biogeographically comparable 
being located at the junction of the Palearctic and the Afrotropical Realms (Wallace 
1876; Hölzel 1998; El-Hawagry and Gilbert 2014).
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Figure 1. A satellite map of Egypt and Saudi Arabia.

An arid desert climate prevails in both countries, with the exception of small strip 
of the Mediterranean coastline in Egypt and the Asir Highlands along the Red Sea 
coast of Saudi Arabia. The climate in both countries is characterized by hot summer 
and a mild winter. From north to south across Egypt, three general climatic zones may 
be distinguished (Ullrich 1996): The Mediterranean coast zone with 70–200 mm an-
nual precipitation and mean temperature ranging from 9.4 °C in January to 29.7 °C 
in July; the middle zone with 29N as its latitudinal boundary, with less than 1 mm 
(Siwa Oasis) to 35 mm (Cairo) annual precipitation, and has only slightly higher tem-
perature than the Mediterranean coast zone and the third zone is the upper Egypt, 
where rainfall is scant and capricious, ranging from 3 mm (Aswan) to none, with mean 
temperature (at Aswan) ranging from 9.3 °C in January to 41.8 °C in July. In general, 
the rainfall is low in the most Egyptian areas and deserts (<80 mm annually). Only the 
Mediterranean coastal strip from Salloum to Alexandria, Gebel Elba in the extreme 
southeast, and the mountains of southern Sinai receive higher and less erratic rainfall 
(ca 200 mm annually). In Saudi Arabia, the average annual temperature is 25.2 °C, 
the average high temperature is about 37.8 °C during summer (June to August) and is 
about 11.1 °C during winter (December to February). It is cool, with frost and snow 
may occur in the Asir Highlands during winter. The precipitation is also low through-
out the country (<100 mm). It is more than 480 mm in the highlands of Asir; however, 
a decade may pass with no precipitation at all in the Rub’ al Khali (Empty Quarter) in 
the southeastern Saudi Arabia (Almazroui 2011).

Efflatoun Bey, often called the “father of Egyptian entomology”, comprehensively 
surveyed the Diptera of Egypt and established big collections of flies pinned and pre-
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served in three Egyptian museums in Cairo University, Ministry of Agriculture, and 
Entomological Society of Egypt. The oestrid specimens in these collections are consid-
ered in the present study.

During the nineteenth century, two species of subfamily Oestrinae, Oestrus macu-
latus Wiedemann, 1830 and O. libycus Clark, 1843, originally described from Egypt 
have been later synonymized with Cephalopina titillator. Then Brauer (1897) has de-
scribed Hypoderma desertorum from Helwan (Cairo), Egypt.

No systematic studies on bot flies have been previously conducted in Egypt. Only 
a list of species of dipterous families in Egypt was published by Steyskal and El-Bialy 
(1967), where 1,339 species have been listed, including 10 oestrid species (treated as 
Gasterophilidae and Oestridae). The list involved only family names with a list of spe-
cies within each family, without any other taxonomic or faunistic data. Subsequently, 
between 1987 and 2018, the species prevalence and infestation by oestrids have been 
received attention by entomologists and veterinarians, but no study has been carried 
out to explore the national prevalence of this group. The infestation of donkeys by 
Gastrophilus and Rhinoestrus species has been investigated in the slaughterhouse of the 
National Cairo Circus and in Giza Zoo abattoir by Hilali et al. (2015) and Attia et al. 
(2018). In sheep, the infestation by maggots of Oestrus ovis in Cairo and Przhevalski-
ana silenus in Sinai has been studied by Amin et al. (1997) and Morsy et al. (1998), 
respectively. Two studies have been conducted to illustrate the morphological charac-
terization of larval stage of Gasterophilus species infest stomach of donkeys (El-Bakry 
and Fadly 2014, Abdel Rahman et al. 2018).

Although documentation of biological diversity in Saudi Arabia began in the sec-
ond half of the 1960s, the first traces of the Saudi Arabian oestrid flies are found in 
a work dated 1982, as five species, Cephalopina titillator, Gasterophilus intestinalis, G. 
nasalis, Hypoderma lineatum, and Oestrus ovis have been mentioned from Riyadh Re-
gion (Büttiker and Zumpt 1982). In the same year, a book on the agricultural pests in 
the Kingdom of Saudi Arabia has been published (Abu Thuraya 1982). This book has 
documented four species C. titillator, G. intestinalis, G. nasalis, and O. ovis. El-Azzazy 
(1997) reported the larvae of the goat warble fly, Przhevalskiana silenus, on the backs 
of goat carcasses at the Jeddah abattoir (Makkah Region) for the first time. Between 
1988–2018, entomological, medical and veterinary works have been published, but 
most of these studies were carried out at provincial scale. The ocular myiasis in man 
caused by the sheep bot fly O. ovis has been firstly reported in Saudi Arabia from Abha 
(Asir Region) by Omar et al. (1988). The prevalence variation of C. titillator infesting 
dromedary camels has been studied in the Eastern Province (Fatani and Hilali 1994), 
Jeddah (Gadallah and Bosly 2006) and Riyadh (Alahmed 2002). Also, the prevalence 
of O. ovis infesting sheep has been investigated in Asir (Kenawy et al. 2014), Jazan 
(Bosly 2013), Jeddah (Alikhan et al. 2018) and Riyadh (Alahmed 2000). Akhter et 
al. (2000) report two cases of cutaneous infestation in a man and a woman caused by 
Dermatobia hominis in Taif, Saudi Arabia. This record is doubtful as D. hominis is na-
tive to the Americas, and the species was identified only from larvae.
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This study is one in a series of studies planned to catalogue the superfamily Oes-
troidea in Egypt and Saudi Arabia. Two papers in this series have already been pub-
lished (El-Hawagry 2018; El-Hawagry and El-Azab 2019).

Materials and methods

The present data were gathered from some adult specimens collected and pinned by 
the authors from different Egyptian and Saudi Arabian localities, in addition to adult 
specimens pinned and preserved in Efflatoun Bey’s collection, Department of Ento-
mology, Faculty of Science, Cairo University, Egypt (EFC); the Ministry of Agriculture 
Collection, Plant Protection Research Institute, Dokki, Giza, Egypt (PPDD), and the 
King Saud University Museum of Arthropods, Riyadh, Saudi Arabia (KSMA). A great 
deal of biological, faunistic, and taxonomic information, including synonymies, dis-
tribution, collection localities, and dates were also obtained from relevant literature.

This study catalogues all known taxa of the family Oestridae recorded from Egypt 
and Saudi Arabia. Subfamilies are arranged phylogenetically according to Pape (2001). 
Genera and species within subfamilies are arranged alphabetically. Synonyms comprised 
all available and unavailable names of genera and species are listed chronologically.

Family-group and genus-group names are written in bold uppercase letters and left-
justified, with the genus-group names italicized. The genus-group names are listed again 
and left-justified under the headings, and written in bold italicized letters, with the first 
letter in uppercase and the remaining letters in lowercase, followed by the author, year, 
journal, and pages. Type species for each genus is given at the end, followed by the 
method by which it was fixed. Species names are left-justified as well, and written in 
bold italicized letters. Names of taxonomically valid species (senior synonyms) are listed 
again, combined with their original genera and left-justified under the headings fol-
lowed by the author, year, journal, and pages. Synonyms of genera and species are listed 
in chronological order and written in regular italicized letters, followed by the author, 
year, journal, and pages as in senior taxa. The type locality for each species, including 
both senior and junior synonyms, is provided from the original descriptions. World dis-
tribution of each species based on relevant literature is listed alphabetically. The concept 
of Kirk-Spriggs and Sinclair (2017) regarding the boundaries between the Palearctic 
and Afrotropical realms is considered herein. Exceptions are the southwestern part of 
Saudi Arabia, south to the Tropic of Cancer and Gebel Elba, the southeastern triangle 
of Egypt, which are considered herein as Afrotropical (Sclater 1858; Wallace 1876; 
Ghazanfar and Fisher 1998; El-Hawagry and Gilbert 2014; Al Dhafer and El-Hawagry 
2016; El-Hawagry 2017; El-Hawagry et al. 2018). The collection localities and dates in 
both Egypt and Saudi Arabia are given in tables to provide the local distribution and ac-
tivity periods of oestrid flies. Localities within each Egyptian ecological zone and Saudi 
Arabian region are arranged in alphabetical order. The recording method, e.g., litera-
ture, museum material, and collected material are provided. Coordinates of each local-
ity are mostly given, and distribution maps for species are provided using ArcMap 10.4.
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Abbreviations used:

AF Afrotropical Realm
AU Australasian Realm
EFC Collection of the Department of Entomology, Faculty of Science, Cairo 

University, Egypt (Efflatoun’s collection)
KSA Kingdom of Saudi Arabia
KSMA King Saud University Museum of Arthropods, Riyadh, Saudi Arabia
Is Island
MCCB Museum of Community College, Al-Baha University, KSA
MSHC Personal collection M. El-Hawagry
NE Nearctic Realm
NEO Neotropical Realm
OR Oriental Realm
PA Palearctic Realm
PPDD Collection of the Plant Protection Research Institute, Ministry of Agri-

culture, Dokki, Giza, Egypt
St. Saint
USA United States of America

Catalogue of the family Oestridae in egypt and saudi Arabia

Order: Diptera
Suborder: Cyclorrhapha
Superfamily: Oestroidea
Family Oestridae
Subfamily Gasterophilinae

Genus Gasterophilus Leach, 1817

Gasterophilus Leach, 1817: 2. Type species: Oestrus equi Clark, 1797 (= Oestrus intesti-
nalis De Geer, 1776), by subsequent designation of Curtis, 1826: 146.

Gastrus Meigen, 1824: 174. Type species: Oestrus intestinalis De Geer, 1776, by subse-
quent designation of Coquillett, 1910: 546.

Gastrophilus Agassiz, 1846: 160. Invalid emendation of Gasterophilus.
Enteromyza Rondani, 1857: 20. Unnecessary replacement name for Gasterophilus.
Rhinogastrophilus Townsend, 1918: 152. Type species: Oestrus nasalis Linnaeus, 1758, 

by original designation.
Enteromyia Enderlein, 1934: 425. Type species: Oestrus haemorrhoidalis Linnaeus, 

1758, by original designation.
Stomachobia Enderlein, 1934: 425. Type species: Oestrus pecorum Fabricius, 1794, by 

original designation.
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Haemorrhoestrus Townsend, 1934: 406. Type species: Oestrus haemorrhoidalis Lin-
naeus, 1758, by original designation.

Progastrophilus Townsend, 1934: 406. Type species: Oestrus pecorum Fabricius, 1794, 
by original designation.

Gasterophilus haemorrhoidalis (Linnaeus, 1758)

Oestrus haemorrhoidalis Linnaeus, 1758: 584. Type localities: Probably Sweden, Ger-
many, and France (see Li et al. 2019b).

Oestrus salutiferus Clark, 1816: 3. Type locality: England.
Oestrus duodenalis Schwab, 1840: 35. Type locality: Europe.
Gastrophilus pallens Bigot, 1884: 4. Type locality: Sudan (Suakin).
Gasterophilus pseudohaemorrhoidalis Gedoelst, 1923: 272. Type localities: Eritrea (As-

mara); Republic of the Congo, Katanga Province (Biano), and Zambia.
Oestrus hemorrhoidalis Clark, 1815: 71. Incorrect subsequent spelling of haemorrhoi-

dalis Linnaeus, 1758.
Oestrus hemorroidalis Guérin-Méneville, 1827: 96. Incorrect subsequent spelling of 

haemorrhoidalis Linnaeus, 1758.
Oestrus aemorrhoidalis Rondani, 1857: 21. Incorrect subsequent spelling of haemor-

rhoidalis Linnaeus, 1758.

Common name. Nose bot fly or Lip bot fly.
Distribution. AF: Burkina Faso, Democratic Republic of the Congo, Eritrea, Ethiopia, 

Kenya, Namibia, Republic of the Congo, Senegal, South Africa, Sudan, Tanzania, Zambia. 
AU: Australia, Hawaii, New Zealand, Tasmania. NE: Canada (Alberta, British Columbia, 
Manitoba, Saskatchewan), Mexico, USA (widespread). NEO: Argentina, Venezuela. OR: 
India. PA: Widespread. (see Soós and Minar 1986a; Kettle 1995; Li et al. 2019b).

Localities, hosts, and dates of collection. See  Table 2 and Figure 3.

Gasterophilus intestinalis (De Geer, 1776)
Fig. 2a

Oestrus intestinalis De Geer, 1776: 292. Type locality: Sweden.
Oestrus equi Clark, 1797: 298. Preoccupied by Fabricius, 1787. Type locality: England.
Oestrus gastricus major Schwab, 1840: 31. Unavailable name.
Oestrus bengalensis Macquart, 1843: 182. Type localities: Bangladesh and India.
Oestrus gastrophilus Gistel, 1848: 153. Type locality: Probably Germany.
Oestrus schwabianus Gistel, 1848: 153. Type locality: Probably Germany (Bavaria).
Gastrophilus equi var. asininus Brauer, 1863: 71. Type localities: Egypt and Sudan 

(“Egypten” & “Nubien”).
Gastrophilus aequi: Brauer 1863: 28. Incorrect subsequent spelling of equi Clark, 1797.
Gasterophilus magnicornis Bezzi, 1916: 29. Type locality: Eritrea.
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table 2. Localities, hosts, and dates of collection of G. haemorrhoidalis.

Country Zone or 
Region

Locality Coordinates Host/s Months of collection Reference

Egypt Coastal Strip Alexandria 31.203358N, 
29.917285E

mules and donkeys 
(from stomachs)

from October to April El-Bakry and 
Fadly (2014)

Figure 2. a Gasterophilus intestinalis (habitus, dorsal) b G. nasalis (habitus, dorsal) c G. nigricornis (habi-
tus, dorsal) d Cephalopina titillator (habitus, lateral).

Common name. Horse bot fly.
Distribution. AF: Burkina Faso, Chad, Eritrea, Ethiopia, Ghana, Kenya, Moroc-

co, Nigeria, Republic of the Congo, Senegal, South Africa, St. Helena, Sudan, Tan-
zania, United Arab Emirates. AU: Australia (New South Wales, Norfolk Is, Tasma-
nia), Hawaii, New Zealand. NE: Canada (Alberta, British Columbia, Manitoba, New 
Brunswick, Ontario, Quebec, Saskatchewan), Mexico (Aguascalientes, Chiapas), USA 
(widespread). NEO: Argentina, Brazil (Rio Grande do Sul), Chile (Bío Bío Region), 
Jamaica, Venezuela. OR: India. PA: Widespread. (see Soós and Minar 1986a; Kettle 
1995; Li et al. 2019b).

Localities, hosts, and dates of collection. See Table 3 and Figure 3.
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table 3. Localities, hosts, and dates of collection of G. Intestinalis.

Country Zone or Region Locality Coordinates Host/s Months of 
collection

Reference

Egypt Coastal Strip Alexandria 31.203358N, 
29.917285E

mules and 
donkeys (from 

stomachs)

from October 
to April

El-Bakry and 
Fadly (2014)

Lower Nile Valley 
& Delta

Cairo (at 
slaughterhouse of 

the National Cairo 
Circus)

30.122446N, 
31.360598E

donkeys throughout 
the year

Hilali et al. 
(1987)

Cairo (at Cairo 
Manure Co.)

30.102160N, 
31.253994E

mules and 
donkeys (from 

stomachs)

April to 
December

museum 
material (see 

material 
examined)

Cairo (abattoir) 30.040022N, 
31.244248E

donkeys (from 
stomachs)

June museum 
material (see 

material 
examined) 

Giza (Giza Zoo) 30.027973N, 
31.215963E

donkeys (from 
stomachs)

throughout 
the year

Abdel Rahman 
et al. (2018); 
Attia et al. 

(2018)
KSA widespread in all 

regions, especially 
abundant in Al-
Ehsaa, El-Kharj 

and Riyadh

Al-Ehsaa 25.388528N, 
49.596223E

donkeys and 
horses (from 
stomachs)

March to 
September

Abu-Thuraya 
(1982)

El-Kharj 24.148402N, 
47.305011E

donkeys and 
horses (from 
stomachs)

March to 
September

Riyadh (near 
slaughterhouse)

24.578977N, 
46.736175E

from dead 
domestic horse

March Büttiker and 
Zumpt (1982)

Figure 3. Distribution map of G. haemorrhoidalis and G. intestinalis.
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Material examined. Egypt • 1 male; Cairo Manure Co.; 30.102160N, 
31.253994E; 13.Nov.1924; from the stomach of a donkey; EFC • 1 male; same data 
as for preceding; 22.Apr.1930 • 1 male; same data as for preceding; 23.Nov.1930 • 1 
female; same data as for preceding; 29.Oct.1924; PPDD • 1 ?male; same data as for 
preceding; Cairo abattoir; 30.040022N, 31.244248E; 7.Jun.1924.

Gasterophilus nasalis (Linnaeus, 1758)
Fig. 2b

Oestrus nasalis Linnaeus, 1758: 584. Type locality: Sweden.
Oestrus equi Fabricius, 1787: 321. Type locality: Probably Europe.
Oestrus veterinus Clark, 1797: 312. New replacement name for Oestrus nasalis Lin-

naeus, 1758.
Oestrus salutaris Clark, 1815: pl. 1. Nomen nudum.
Gasterophilus clarkii Leach, 1817: 2. Type locality: England (Bantham).
Gastrus jumentarum Meigen, 1824: 179. Type locality: Probably Denmark.
Oestrus gastricus minor Schwab, 1840: 40. Unavailable name.
Gastrus subjacens Walker, 1849: 687. Type locality: Canada (Nova Scotia).
Oestrus stomachinus Gistel, 1848: 153. Type locality: Probably Germany (Bavaria).
Gasterophilus crossi Patton, 1924: 963. Type locality: India (Punjab).
Gastrophilus albescens Pleske, 1926: 228. Type locality: Egypt (Cairo).
Gastrophilus nasalis var. nudicollis Dinulescu, 1932: 28, 32. Type locality: Unknown.
Gastrophilus veterinus var. aureus Dinulescu, 1938: 315. Type locality: Unknown.
Gastrus jumentorum: Brauer, 1863: 87, 280. Incorrect subsequent spelling of jumen-

tarum Meigen, 1824.
Oestrus nasulis: Fabricius, 1787: 321. Incorrect subsequent spelling of nasalis Linnaeus, 

1758.

Common name. Throat bot fly or Horse nasal bot fly.
Distribution. Cosmopolitan.
Localities, hosts, and dates of collection. see Table 4 and Figure 4.
Material examined. Egypt • 1 male; Abu-Rawash; 30.045837N, 31.091406E; 

18.May.1935; EFC • 1 female; Cairo Manure Co.; 30.102160N, 31.253994E; 11.Jun.1924; 
from the stomach of a mule; EFC • 1 male; Helwan; 29.839022N, 31.300160E; 
18.May.1934 • 1 female; Maadi; 29.961203N, 31.266910E; 9.Apr.1916; EFC.

Gasterophilus nigricornis (Loew, 1863)
Fig. 2c

Gastrus nigricornis Loew, 1863: 38. Type locality: Moldova (Bessarabia).
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table 4. Localities, hosts, and dates of collection of G. nasalis.

Country Zone or Region Locality Coordinates Host/s Months of 
collection

Reference

Egypt Coastal Strip Alexandria 31.203358N, 
29.917285E

mules and 
donkeys 
(from 

stomachs)

from October to 
April

El-Bakry 
and Fadly 

(2014)

Lower Nile Valley 
& Delta

Abu-Rawash 30.045837N, 
31.091406E

not given May museum 
material (see 

material 
examined)

Cairo (at slaughter 
house of the 

National Cairo 
Circus)

30.122446N, 
31.360598E

donkeys throughout the 
year

Hilali et al. 
(1987)

Cairo (no further 
data) 

– – – Li et al. 
(2019b)

Cairo (at Cairo 
Manure Co.)

30.102160N, 
31.253994E

mules (from 
stomachs)

June museum 
material (see 

material 
examined)

Helwan 29.839022N, 
31.300160E

not given April and 
December

museum 
material (see 

material 
examined)

Maadi 29.961203N, 
31.266910E

not given April museum 
material (see 

material 
examined)

KSA Widespread in all 
regions, especially 
abundant in Al-
Ehsaa, El-Kharj 

and Riyadh

Al-Ehsaa 25.388528N, 
49.596223E

donkeys and 
horses (from 
stomachs)

March to 
September

Abu-
Thuraya 
(1982)

El-Kharj 24.148402N, 
47.305011E

donkeys and 
horses (from 
stomachs)

March to 
September

Riyadh (near 
slaughterhouse)

24.578977N, 
46.736175E

from dead 
domestic 

horse

March Büttiker 
and Zumpt 

(1982)

Gastrophilus viridis Sultanov, 1951: 41. Type locality: Kazakhstan.
Gasterophilus migricornis: Colwell, 2006: 291. Incorrect subsequent spelling of nigri-

cornis Loew, 1863.

Common name. Horse stomach bot fly.
Distribution. PA: China, Egypt, Kazakhstan, Kyrgyzstan, Moldova, Mongolia, 

Russia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan (see Soós and Minar 1986a; 
Kettle 1995; Li et al. 2019b).

Localities, hosts, and dates of collection. See Table 5 and Figure 4.
Material examined. Egypt • 1 female; Helwan; 29.839022N, 31.300160E; 

13.Apr.1935; EFC.
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table 5. Localities, hosts, and dates of collection of G. nigricornis.

Country Zone or Region Locality Coordinates Host/s Months of collection Reference
Egypt Lower Nile 

Valley & Delta
Helwan 29.839022N, 

31.300160E
not given April museum material (see 

material examined)

Figure 4. Distribution map of G. nasalis, G. nigricornis, and G. pecorum.

Gasterophilus pecorum (Fabricius, 1794)

Oestrus pecorum Fabricius, 1794: 230. Type locality: Probably Europe.
Oestrus vituli Fabricius, 1794: 231. Type locality: Not given, probably Sweden and 

France.
Gastrus jubarum Meigen, 1824: 179, 180. Type locality: Austria.
Gastrus lativentris Brauer, 1858b: 465. Type locality: Latvia (Curland).
Gastrus ferruginatus Zetterstedt, 1844: 978. Type locality: Sweden (Skåne, Tranås sock-

en, Esperöd).
Gasterophilus pecorum var. zebrae Rodhain & Bequaert, 1920: 181. Type localities: 

Kenya and Tanzania.
Gastrophilus vulpecula Pleske, 1926: 227. Type locality: China (Inner Mongolia, Alxa 

League).
Gastrophilus gammeli Szilády, 1935: 140. Type locality: Hungary.
Gastrophilus hammeli: Paramonov, 1940: 34, 46. Incorrect subsequent spelling of gam-

meli Szilády, 1935.
Gastrus selysi Walker, 1849: 687. Nomen nudum.

Common name. Dark-winged horse bot fly.
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Distribution. AF: Burkina Faso, Kenya, Namibia, Senegal, South Africa, Tanza-
nia, Uganda, Zambia. OR: India. PA: Belgium, China (Heilongjiang, Inner Mongolia, 
Xinjiang), Czech Republic, Denmark, Egypt, France, Germany, Hungary, Iran, Italy, 
Latvia, Lithuania, Mongolia, Poland, Romania, Sweden, Switzerland, The Nether-
lands, Turkey, Ukraine, United Kingdom (see Soós and Minar 1986a; Kettle 1995; Li 
et al. 2019b).

Localities, hosts, and dates of collection. See Table 6 and Figure 4.

Subfamily Hypodermatinae

Genus Hypoderma Latreille, 1818

Hypoderma Latreille, 1818: 272. Type species: Oestrus bovis Linnaeus, 1758, by monotypy.
Marmaryga Gistl, 1848: 9. Unjustified name for Hypoderma.
Atelecephala Townsend, 1916: 617. Type species: Hypoderma diana Brauer, 1858a, by 

monotypy.

Hypoderma bovis (Linnaeus, 1758)

Oestrus bovis Linnaeus, 1758: 584. Type locality: Not given (? Sweden).
Oestrus ericetorum Clark, 1815. Nomen dubium.
Oestrus subcutaneus Greve, 1818: 2. Type locality: Not given.
Oestrus bovinus Schwab, 1840: 43. Type locality: Not given.
Hypoderma heteroptera Macquart, 1843: 181. Type locality: Algeria (Oran).
Hypoderma bellieri Bigot, 1862: 113. Type locality: France (Corsica).

Common name. Ox warble fly.
Distribution. AU: Hawaii, New Zealand. NE: Widespread. PA: Widespread.
Localities, hosts, and dates of collection. Unknown.
Notes. This species is known to be recorded in Egypt only from the list of Steyskal 

and El-Bialy (1967), but no specimens of this species were collected or found in the 
Egyptian museums.

Hypoderma desertorum Brauer, 1897

Hypoderma desertorum Brauer, 1897: 377. Type locality: Egypt (Helwan).

table 6. Localities, hosts, and dates of collection of G. pecorum.

Country Zone or Region Locality Coordinates Host/s Months of collection Reference
Egypt Coastal Strip Alexandria 31.203358N, 

29.917285E
mules and donkeys 

(from stomachs)
from October to April El-Bakry and 

Fadly (2014)
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Common name. No specific common name.
Distribution. PA: Egypt.
Localities, hosts, and dates of collection. See Table 7 and Figure 5.
Notes. Steyskal and El-Bialy (1967) listed this species as a junior synonym of Hypo-

derma bovis (Linnaeus, 1758); however, Soós and Minar (1986b) catalogued it as a valid 
species. No specimens are available to confirm its validity. Grunin (1965) keyed the Hypo-
derma spp. in the Palaearctic Region and used the colour of hairs on mesonotum, shape of 
antennal segments and body length to differentiated between H. desertorum and H.bovis. 
Holotype is deposited in Naturhistorisches Museum Wien, Wien, Austria (NMW).

Hypoderma lineatum (Villers, 1789)

Oestrus lineatum Villers, 1789: 349. Type locality: Not given (Europe).
Hypoderma bonassi Brauer, 1875: 75. Type locality: USA (Colorado).
Oestrus supplens Walker, 1849: 685. Type locality: Canada (Nova Scotia).

Common name. Lesser cattle warble fly.
Distribution. Cosmopolitan.
Localities, hosts, and dates of collection. See Table 8 and Figure 5.

table 7. Localities, hosts, and dates of collection of H. desertorum.

Country Zone or Region Locality Coordinates Host/s Months of 
collection

Reference

Egypt Lower Nile Valley 
& Delta

Helwan 29.839022N, 
31.300160E

not given April Brauer (1897)

Figure 5. Distribution map of C. titillator, H. desertorum, and H. lineatum.
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table 8. Localities, hosts, and dates of collection of H. lineatum.

Country Zone or 
Region

Locality Coordinates Host/s Months of 
collection

Reference

KSA Riyadh Dhurma 24.613516N, 
46.151759E

a dairy cow air-
shipped from Canada

unknown Büttiker and 
Zumpt (1982)

Makkah Wadi 
Qatan

22.200883N, 
41.556635E

domestic goat November Büttiker and 
Zumpt (1982)

Genus Przhevalskiana Grunin, 1948

Przhevalskiana Grunin, 1948: 469 (as subgenus of Hypoderma Latreille, 1818). Type 
species: Hypoderma orongonis Grunin, 1948, by monotypy.

Crivellia Grunin, 1956: 716. Type species: Hypoderma corinnae Crivelli, 1862, by orig-
inal designation.

Przhevalskiana silenus (Brauer, 1858)

Hypoderma silenus Brauer, 1858b: 460. Type localities: Italy (Sicily, Palermo); Egypt 
(Sinai).

Hypoderma aegagri Brauer, 1863: 134, 281. Type locality: Greece (Crete).
Hypoderma gazellae Gedoelst, 1916: 263. Type locality: Tanzania (Massai).
Hypoderma crossi Patton, 1922: 573. Type locality: India (Punjab).
Hypoderma aeratum Austen, 1931: 423. Type locality: Cyprus (Tillyria, Kyrenia).
Hypoderma capreum Gauser, 1940: 38. Type locality: Azerbaijan.

Common name. Goat warble fly.
Distribution. AF: East Africa, Saudi Arabia [as “South western part”]. OR: India. 

PA: Central Asia, Middle East, North Africa, southern Europe.
Localities, hosts, and dates of collection. See Table 9 and Figure 6.
Material examined. Saudi Arabia • 1 female; Al-Mekhwa; 19.759526N, 

41.428219E; 3.Feb.2009; El-Hawagry leg.; sweeping net; MCCB.

Subfamily Oestrinae

Genus Cephalopina Strand, 1928

Cephalopina Strand, 1928: 48 (replacement name for Cephalopsis).
Cephalopsis Townsend, 1912: 53. Type species: Oestrus maculatus Wiedemann, 1830 (= 

Oestrus titillator Clark, 1816), by original designation. Preoccupied by Fitzinger, 
1873 in Pisces.
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table 9. Localities, hosts, and dates of collection of P. silenus.

Country Zone or 
Region

Locality Coordinates Hosts and/or methods of 
collection

Months of 
collection

Reference

Egypt Sinai Al Arish (abattoir) 31.131795N, 
33.795749E

goats (larvae from 
slaughtered goats, and 
adults by baited traps)

throughout 
the year

Morsy et al. 
(1998)

Bir Al Abd 31.005486N, 
33.111721E

goats (larvae from 
slaughtered goats, and 
adults by baited traps)

throughout 
the year

Morsy et al. 
(1998)

Hasanah 30.800220N, 
33.815971E

goats (larvae from 
slaughtered goats, and 
adults by baited traps)

throughout 
the year

Morsy et al. 
(1998)

KSA Al-Baha Al-Mekhwa 19.759526N, 
41.428219E

sweeping net by El-
Hawagry

February collected 
specimen 

(see material 
examined)

Makkah Jeddah (Jeddah 
Abattoir)

21.483464N, 
39.201734E

goats (nodules caused by 
larvae are noticed on the 
backs of goat carcasses)

December to 
April

El-Azzazy 
(1997)

Figure 6. Distribution map of O. ovis, P. silenus, and R. purpureus.

Cephalopina titillator (Clark, 1816)
Fig. 2d

Oestrus titillator Clark, 1816: 4. Type locality: Syria.
Oestrus maculatus Wiedemann, 1830: 256. Type locality: Egypt.
Oestrus libycus Clark, 1841: 100. Nomen nudum.
Oestrus libycus Clark, 1843: 93. Type locality: Egypt.
Pharyngobalus cameli Steel, 1887: 27. Type localities: Sudan, ?Afghanistan.
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Common name. Camel nasal bot fly.
Distribution. AF: East Africa, Saudi Arabia [as “South western part”]. AU: Aus-

tralia. OR: India. PA: Widespread in association with camels, particularly, Afghani-
stan, Middle East, Mongolia, North Africa, South Europe.

Localities, hosts, and dates of collection. See Table 10 and Figure 5.
Material examined. Egypt • 1 male; Cairo abattoir; 30.040022N, 31.244248E; 

6.Jun.1924; Efflatoun leg.; from nose of camel; EFC • 1 male; same data as for preced-
ing; 2.Jul.1924 • 1 female; same data as for preceding; 19.Nov.1929 • 1 male; Kerdassa; 

table 10. Localities, hosts, and dates of collection of C. titillator.

Country Zone or Region Locality Coordinates Hosts and/
or methods of 

collection

Months of 
collection

Reference

Egypt Lower Nile Valley 
& Delta

Abu-Rawash 30.045837N, 
31.091406E

dromedary camels 
(from the nasal 

cavities) 

May museum 
material 

(see material 
examined)

Birqash 30.162842N, 
31.039242E

sweeping, by El-
Hawagry

June collected 
specimens 

(see material 
examined)

Cairo (Cairo 
abattoir)

30.040022N, 
31.244248E

dromedary camels 
(from the nasal 

cavities)

throughout 
the year

museum 
material 

(see material 
examined)

El-Bassatin 
(abattoir)

29.995917N, 
31.276171E

camels not given Hendawy et al. 
(2012)

El-Warrak 
(abattoir)

30.110544N, 
31.210915E

camels not given Hendawy et al. 
(2012)

Kerdassa 30.025663N, 
31.113349E

dromedary camels 
(from the nasal 

cavities)

May museum 
material 

(see material 
examined)

Sinai W. El-Sheikh 28.56568N, 
33.96525E

not given April museum 
material 

(see material 
examined)

KSA all regions widespread – dromedary camels 
(nasal cavities)

throughout 
the year

Abu-Thuraya 
(1982); 

Alahmed 
(2002)

Riyadh Riyadh 
(slaughterhouse)

24.578977N, 
46.736175E

dromedary camels March to 
May

Büttiker and 
Zumpt (1982)

Makkah Jeddah (Jeddah 
abattoir)

21.483464N, 
39.201734E

dromedary camels throughout 
the year

Gadallah and 
Bosly (2006)
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30.02566N, 31.11335E; 19.May.1924; R.M. leg.; from nose of camel; EFC • 1 male, 
1 female; Sinai, W. El-Sheikh; 28.56568N, 33.96525E; 21–27.Apr.1939; B.C.E. leg.; 
EFC • 1 female; Cairo abattoir; 30.040022N, 31.244248E; 20.Jan.1924; H.C.E. 
leg.; from the nose of a camel; PPDD • 1 female, 1 male; Birqash; 30.162842N, 
31.039242E; 21.Jun.1999; El-Hawagry leg.; sweeping net; MSHC.

Saudi Arabia • 2 females; Riyadh, slaughterhouse; 24.578977N, 46.736175E; 
30.Oct.1999; Azzam Alahmed leg.; from dromedary camels; KSMA.

Genus Oestrus Linnaeus, 1758

Oestrus Linnaeus, 1758: 584. Type species: Oestrus ovis Linnaeus, 1758, by original 
designation of Curtis, 1826: 106.

Cephalemyia Latreille, 1818: 273. Type species: Oestrus ovis Linnaeus, 1758, by monotypy.
Cephalomyia Agassiz, 1846: 71. Unjustified emendation of Cephalemyia.

Oestrus ovis (Linnaeus, 1758)

Oestrus ovis Linnaeus, 1758: 585. Type locality: Not given (? Sweden).
Oestrus argalis Pallas, 1776: 29. Type locality: Not given (? Middle Asia).
Oestrus perplexus Hudson, 1892: 63. Type locality: New Zealand. Nomen nudum.

Common name. Sheep nasal bot fly.
Distribution. Cosmopolitan (introduced with sheep in most parts of the world, 

see Papavero (1977)).
Localities, hosts, and dates of collection. See Table 11 and Figure 6.
Material examined. Egypt • 1 male; Burg; 30.916760N, 29.533268E; 16.Mar.1935; 

H.C.E & M.T leg.; EFC • 3 males, 3 females; Cairo, Cairo abattoir; 30.040022N, 
31.244248E; 5.Jun.1929; Efflatoun leg.; from sheep’s nose; EFC • 1 male, 1 female; same 
data as for preceding; 23.Dec.1929 • 2 males; same data as for preceding; 26.Nov.1929 • 1 
male, same data as for preceding; 2.Jul.1924 • 1 male, same data as for preceding; 2. Apr.1924 
• 1 female, same data as for preceding; 5. Apr.1924 • 1 female; Kerdassa; 30.025663N, 
31.113349E; 18.Mar.1924; from the nose of sheep; EFC • 1 female; same data as for 
preceding; 22.May.1924; R. M. leg. • 1 female; Wadi Hoff; 29.880357N, 31.312991E; 
14.Apr.1921; Efflatoun leg.; EFC • 1 female; Wadi Rishrash; 29.41666N, 31.51666E; 
16.Apr.1932; ET & R leg.; EFC • 1 female; Wadi Rishrash; 29.41666N, 31.51666E; 
29.Mar.1935; H.C.E. & M.T. leg.; EFC • 1 male; Ashmoun Gereiss; 30.325046N, 
30.925513E; Wardan; 30.321045N, 30.905128E; 23.Mar.1924; H.C.E. leg.; reared from 
larvae from the nose of sheep; PPDD • 1 female; El-Mallah, East of Helwan; 3.May.1926; 
Farag leg.; PPDD • 1 female; El-Katta; 30.225859N, 30.970563E; 20.Sep.1924; PPDD • 
1 male; Kerdassa; 30.025663N, 31.113349E; 15.May.1938; Mabrouk leg.; PPDD.
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table 11. Localities, hosts, and dates of collection of O. ovis.

Country Zone or 
Region

Locality Coordinates Hosts and/
or methods of 

collection

Months of 
collection

Reference

Egypt Coastal Strip Burg 30.916760N, 
29.533268E

not given March material (see 
material 

examined)
Eastern 
Desert

Wadi El-Mallah – not given May material (see 
material 

examined)
Wadi Hoff 29.880357N, 

31.312991E
not given April material (see 

material 
examined)

Wadi Rishrash 29.41666N, 
31.51666E

not given November 
to April

material (see 
material 

examined)
Lower Nile 
Valley & 

Delta

Ashmoun Gereiss 30.325046N, 
30.925513E

sheep (reared from 
larvae from nose)

March material (see 
material 

examined)
Cairo, Cairo 

(abattoir)
30.040022N, 
31.244248E

sheep (from nose) April to 
December 

museum material 
(see material 

examined) and 
Amin et al. (1997)

El-Hager 30.282066N, 
30.913711E

sweeping net by 
El-Hawagry

April collected 
specimens 

(see material 
examined)

El-Katta 30.225859N, 
30.970563E

not given September museum material 
(see material 
examined)

Kerdassa 30.025663N, 
31.113349E

sheep (from nose) March and 
April

museum material 
(see material 
examined)

Wardan 30.321045N, 
30.905128E

sheep (reared from 
larvae from nose)

March material (see 
material 

examined)
KSA all regions widespread – sheep and goats 

(from the nasal 
cavities and 

head sinuses)

March to 
June

Abu-Thuraya 
(1982)

Asir widespread 
(slaughterhouses)

– not given throughout 
the year

Kenawy et al. 
(2014)

Jazan Abu Arish 16.9595N, 
42.8348E

Sheep (heads) throughout 
the year

Bosly (2013)

Riyadh Riyadh 
(slaughterhouse)

24.578977N, 
46.736175E

sheep and goats May Büttiker and 
Zumpt (1982)

Genus Rhinoestrus Brauer, 1886

Rhinoestrus Brauer, 1886: 300. Type species: Cephalomyia purpurea Brauer, 1858, by 
monotypy.

Hippoestrus Townsend, 1933: 447. Type species: Rhinoestrus hippopotami Grünberg, 
1904, by original designation.
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Rhinoestrus purpureus (Brauer, 1858)

Cephalomyia purpurea Brauer, 1858b: 457. Type locality: Austria (Bisamberg).
Rhinoestrus nasalis: Brumpt, 1913: 700. Misidentification.

Common name. Equine nasal bot fly.
Distribution. AF, OR: Widespread (introduced with horses, see Papavero (1977)). 

PA: Widespread.
Localities, hosts, and dates of collection. See Table 12 and Figure 6.
Material examined. Egypt • 1 male; Cairo; 29.999896N, 31.270483E; 10.May.1922; 

Efflatoun leg.; from donkey’s head; EFC • 1 male; El-Magadlah; 27.Apr.1924; R. Ma-
brouk leg.; EFC • 1 female; Giza; 30.015432N, 31.207837E; 2.May.1907; EFC.

Discussion

Egypt and Saudi Arabia are biogeographically comparable being located at the junc-
tion of the Palearctic and the Afrotropical Realms. In Egypt, the Afrotropical Realm is 
thought to involve the southeastern triangle of the country, which known as the Gebel 
Elba ecological zone. This is the only ecological zone in Egypt, which has an Afro-
tropical faunal affiliation. However, the faunal affiliation of the other seven ecological 
zones is mostly Palearctic, namely, the Coastal Strip, Eastern Desert, Western Desert, 
Fayoum, Lower Nile Valley, and Delta, Sinai, and Upper Nile Valley (Fig. 1) (El-Ha-
wagry and Gilbert 2014; El-Hawagry 2017; El-Hawagry et al. 2018; El-Hawagry et al. 
2020). In Saudi Arabia, many biogeographers agree that the border of the Afrotropical 
Realm should be extended up to Taif City, i.e., up to the Tropic of Cancer, covering the 

table 12. Localities, hosts, and dates of collection of R. purpureus.

Country Zone or 
Region

Locality Coordinates Hosts and/
or methods of 

collection

Months of 
collection

Reference

Egypt Lower Nile 
Valley & 

Delta

Cairo 29.999896N, 
31.270483E

Donkey (from 
head)

May museum material 
(see material 
examined)

El-Magadlah – not given April museum material 
(see material 
examined)

Giza 30.015432N, 
31.207837E

not given May museum material 
(see material 
examined)

Giza, Giza zoo 
abattoir (donkeys 

originally obtained 
from four 

governorates: Giza, 
Monofia, Fayoum, 
and Bani Sweif )

30.027973N, 
31.215963E

donkeys throughout 
the year

Hilali et al. 
(2015)
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southwestern part of the country (Wallace 1876; Hölzel 1998; El-Hawagry et al. 2017; 
El-Hawagry and Al Dhafer 2019; El-Hawagry et al. 2019). All these biogeographic 
facts undoubtedly reflects on the distribution of oestrid species treated in the present 
study as all reported species, except three, are of both Palaearctic and Afrotropical 
affinities. Only Gasterophilus nigricornis and Hypoderma bovis are Palaearctic, and Hy-
poderma desertorum is endemic to Egypt. Some of the reported species are also known 
as cosmopolitan and should be widespread in both Egypt and Saudi Arabia; however, 
the majority of species were reported only from some restricted regions. Surprisingly, 
no records of oestrid flies were reported from Upper Nile Valley, Western Desert and 
Gebel Elba in Egypt. This is most likely due to the fact that most collections were fo-
cused predominantly in Alexandria, Greater Cairo (slaughterhouses, circus, Giza Zoo, 
Manure Co., near pyramids and wadies southwestern to Cairo) and Sinai Peninsula. 
The same situation is in Saudi Arabia as few records were reported especially from Al-
Baha, Eastern Province, Makkah, and Riyadh regions (Abu-Thuraya 1982).

Oestrid flies in Egypt and Saudi Arabia, as far as is known, infest domesticated ani-
mals and in some cases humans. Infections with Cephalopina titillator larvae have been 
reported in the dromedary camel (Family Camelidae) (Abu-Thuraya 1982, Büttiker and 
Zumpt 1982, Hussein et al. 1982, Fatani and Hilali 1994, Alahmed 2002, Hendawy et 
al. 2012). Attacks by larvae of different Gasterophilus species have been reported in don-
keys and horses (family Equidae) (Abu-Thuraya 1982, Büttiker and Zumpt 1982, Hilali 
et al. 1987, El-Bakry and Fadly 2014, Abdel Rahman et al. 2018, Attia et al. 2018) 
and Rhinoestrus purpureus (Hilali et al. 2015). The goats and sheep (Family Bovidae) 
have been reported as hosts for the larvae of Hypoderma lineatum (Büttiker and Zumpt 
1982), Oestrus ovis (Abu-Thuraya 1982, Büttiker and Zumpt 1982, Amin et al. 1997, 
Bosly 2013), and Przhevalskiana silenus (El-Azzazy 1997, Morsy et al. 1998). Ophthal-
momyiasis infestation of human eye with larvae of O. ovis was documented from Saudi 
Arabia (Omer et al 1988). Two cases of gastric myiasis with larvae of unidentified Oes-
trus sp. were reported from Egypt, Minia Governorate (Ahmad et al. 2011).

The low abundance and diversity of species in both Egypt and Saudi Arabia should 
be taken with caution, since the family seems to lack sampling efforts in both coun-
tries. We think that the distributional data of these economically important flies within 
Egypt and Saudi Arabia is still scanty, and more efforts would be highly desirable in 
the future. Nevertheless, the present catalogue presented some new locality records 
especially for Gasterophilus intestinalis, Gasterophilus nasalis, Gasterophilus nigricornis, 
Przhevalskiana silenus, Cephalopina titillator, Oestrus ovis and Rhinoestrus purpureus. 
This catalogue undoubtedly will act as a baseline for further study in both countries.
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Abstract
In this data paper three datasets are described containing GPS tracking and acceleration data of Western 
marsh harriers (Circus aeruginosus) breeding in Belgium and the Netherlands. The Western marsh harrier 
is included as a threatened bird species in Annex I of the European Bird Directive due to the steep decline 
in population densities. In order to collect data of habitat use and migration behaviour, Western marsh 
harriers were equipped with light-weight solar powered GPS trackers developed by the Institute for Biodi-
versity and Ecosystem Dynamics (IBED) at the University of Amsterdam (University of Amsterdam Bird 
Tracking System, UvA-BiTS). These trackers automatically collect and store data on the bird’s activity and 
3D position in time and transmit these data to ground stations.
The datasets were collected by the Research Institute for Nature and Forest (INBO) and the Dutch Mon-
tagu’s Harrier Foundation. Tracked Western marsh harriers were breeding in the northeast of the Dutch 
province of Groningen and on the opposite side of the river Ems in Germany (H_GRONINGEN), in the 
region of Waterland-Oudeman near the Belgian-Dutch border (MH_WATERLAND), and at the left bank 
of the Scheldt estuary, close to the Belgian-Dutch border and north of the city of Antwerp (MH_ANT-
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WERPEN). Most individuals remained within 10 km from their nesting sites during the breeding season 
and wintered in West Africa. H_GRONINGEN contains 987,493 GPS fixes and 3,853,859 acceleration 
records of four individuals since 2012. MH_WATERLAND contains 377,910 GPS fixes of seven indi-
viduals. Sampling in this region began in 2013. Three more Western marsh harriers were tagged in the 
Scheldt estuary near Antwerp more recently in 2018 (one individual) and 2019 (two individuals) for the 
MH_ANTWERPEN study, which contains 47,917 GPS fixes and 227,746 acceleration records.
The three Western marsh harrier datasets were published as separate studies in Movebank (https://www.
movebank.org) and archived as data packages in Zenodo (https://www.zenodo.org) to ensure long-term 
preservation and versioning of the data.

Keywords
Animal movement, bird tracking, biologging, Circus aeruginosus, GPS tracking, habitat use, LifeWatch, 
machine observation, migration data, Movebank, UvA-BiTS

Data published through

Koks B, Schlaich A, Schaub T, Klaassen R, Anselin A, Desmet P, Milotic T, Janssens K, 
Bouten W (2019) H_GRONINGEN – Western marsh harriers (Circus aerugino-
sus, Accipitridae) breeding in Groningen (the Netherlands). Dataset. https://doi.
org/10.5281/zenodo.3552507

Anselin A, Desmet P, Milotic T, Janssens K, T’Jollyn F, De Bruyn L, Bouten W (2019) 
MH_WATERLAND – Western marsh harriers (Circus aeruginosus, Accipitridae) 
breeding near the Belgium-Netherlands border. Dataset. https://doi.org/10.5281/
zenodo.3532940

Spanoghe G, Desmet P, Milotic T, Janssens K, De Regge N, Vanoverbeke J, Bouten 
W (2019) MH_ANTWERPEN – Western marsh harriers (Circus aeruginosus, Ac-
cipitridae) breeding near Antwerp (Belgium). Dataset. https://doi.org/10.5281/
zenodo.3550093

Rationale

The Western marsh harrier (Circus aeruginosus Linnaeus, 1758) is a large harrier spe-
cies native to temperate and subtropical Eurasia and Africa. Due to the steep popula-
tion decline observed in Europe since the 1970s, the species has been included as a 
threatened species in annex I of the European Birds Directive in 1979. In Flanders, the 
Western marsh harrier appears as an endangered species on the red list of breeding bird 
species (Devos et al. 2016). In the Netherlands, the Western marsh harrier is not listed 
as a red list species (van Kleunen et al. 2017), but breeding populations are in decline 
since 1990 due to similar pressures as in Flanders (changed land-use, agricultural prac-
tices etc.) (van Bruggen et al. 2011).

In 2012, the Dutch Montagu’s Harrier Foundation (GKA) initiated a GPS track-
ing study in the northeastern part of the Netherlands (Groningen) using lightweight, 
solar powered GPS tags. The research objectives for this monitoring study were to de-
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termine habitat use of Western marsh harriers in agricultural landscapes, to reveal their 
migration behaviour, and to study flying behaviour in the vicinity of wind turbines for 
estimating collision risks.

The Research Institute for Nature and Forest (INBO) started studying the ecol-
ogy of the Western marsh harrier in Belgium in 2011. One of the aims was to study 
detailed habitat use and migration patterns. In 2013, the INBO started a GPS sensor 
network for birds as part of the Belgian contribution to the LifeWatch observatory, 
using the same technology as GKA. In this network, individuals of a breeding popula-
tion of Western marsh harriers in the northern part of Flanders (Waterland-Oudeman 
region) were equipped with GPS trackers in collaboration with GKA. In 2018, a third 
population was tagged with GPS trackers in the Scheldt estuary north of the city of 
Antwerp. The research objectives of these projects were to study the trade-off between 
migratory behaviour, reproductive performance and survival, and to study the home-
range area, habitat preference, and foraging behaviour of Western marsh harriers in 
agricultural areas. To allow greater use of the data beyond our research questions, all 
data are now published as open data.

taxonomic coverage

The dataset contains data from four individuals breeding in Groningen (The Nether-
lands) (H_GRONINGEN), seven individuals breeding near the Belgian-Dutch bor-
der (MH_WATERLAND), and three individuals breeding near Antwerp (Belgium) 
(MH_ANTWERPEN) (Figure 1).

Taxonomic ranks

Kingdom: Animalia
Phylum: Chordata
Class: Aves
Order: Accipitriformes
Family: Accipitridae
Genus: Circus
Species: Circus aeruginosus (Linnaeus, 1758)

Geographic coverage

The tracked birds were breeding in the northeast of the Dutch province of Groningen 
and on the opposite side of the river Ems in Germany (H_GRONINGEN), in the re-
gion of Waterland-Oudeman near the Belgian-Dutch border (MH_WATERLAND), 
and at the left bank of the Scheldt estuary close to the Belgian-Dutch border and north 
of the city of Antwerp (MH_ANTWERPEN). All individuals from which data from 
the non-breeding period were available wintered in West Africa (Figure 2).
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Figure 1. INBO researcher Anny Anselin holding Peter (animal ID L143457), one of the tagged West-
ern marsh harriers in the MH_WATERLAND dataset (tag ID 623).



GPS tracking data of western marsh harriers... 147

Bounding box

H_GRONINGEN: 6.65N to 53.40N; 16.92W to 7.32E
MH_WATERLAND: 13.38N to 51.47N; 17.13W to 10.01E
MH_ANTWERPEN: 51.23N to 51.35N; 4.18E to 4.39E

temporal coverage

H_GRONINGEN: 2012-05-10 – 2018-07-11
MH_WATERLAND: 2013-05-16 – ongoing
MH_ANTWERPEN: 2018-07-18 – ongoing

Methodology

Study extent description

The studied Western marsh harrier populations breed in agricultural landscapes in 
the northeast of the Dutch province of Groningen (H_GRONINGEN; 53.278N, 

Figure 2. Left: Map giving an overview of the extent of the three datasets including the winter migration 
tracks; top right: summering data in H_GRONINGEN; middle right: summering data of MH_WATER-
LAND; and bottom right: summering data in MH_ANTWERPEN.
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6.981E), the polder area in the north-western part of Belgium (MH_WATERLAND; 
51.276N, 3.595E), and in the polder area at the left bank of the Scheldt estuary in 
the northern part of Belgium (MH_ANTWERPEN; 51.312N, 4.285E). The tracked 
birds nested on the ground in small reed beds and cereal fields.

The harriers were trapped using a noose-trap on a sitting pole (Gartshore 1978) 
in the vicinity of their nesting place (H_GRONINGEN and MH_WATERLAND) 
or a bal-chatri (Berger and Mueller 1959) with live birds (MH_ANTWERPEN). As 
trapping proved very difficult, only a few individuals could be tagged per breeding 
season (Table 1). Once captured, biometrics were taken from all captured harriers: 
tarsus length, wing length, body mass and moulting stage following the methods of 
Bijlsma 1997 (H_GRONINGEN and MH_WATERLAND) and Ginn and Melville 
1983 (MH_ANTWERPEN). Sex was determined on sight. UvA-BiTS GPS-trackers 
(Bouten et al. 2013) were attached to the birds with the body loop attachment method 
using a harness of Teflon tape (Figure 1).

In total, 14 Western marsh harriers were tracked (Table 1). All four individuals in 
the H_GRONINGEN study are assumed dead as they were not observed anymore 
during one or more years. In 2018, one of the tagged harriers (Roelof ) came back to 
his breeding grounds, but the tracker got broken and he has not been spotted again in 
2019 (status unknown). In the MH_ANTWERP study, two individuals were tagged in 
2019, while one animal (Suzanna) was tagged in 2018 but did not come back after the 
migration in 2019 (status unknown). One of the individuals (Raymond) in MH_WA-
TERLAND was found dead in the Italian Alps in spring 2016. His tracker was reused 
for another male (Ben). Another individual in the MH_WATERLAND dataset (Jozef ) 

table 1. Overview of the tracked individuals per project, their status in 2019, total number of tracking 
days, number of GPS fixes and biometric data.

Pr
oj

ec
t

A
ni

m
al

 id

A
ni

m
al

 n
am

e

Se
x

D
at

e 
fir

st
 

ob
se

rv
at

io
n

D
at

e 
la

st
 

ob
se

rv
at

io
n

St
at

us
 in

 2
01

9

Tr
ac

ki
ng

 d
ay

s

G
P

S 
fix

es

B
od

y 
m

as
s (

g)

Ta
rs

us
 le

ng
th

 (m
m

)

W
in

g 
le

ng
th

 (m
m

)

M
ou

lt
 sc

or
e

H_GRONINGEN 5327085 Job male 2016-06-18 2016-09-03 assumed dead 78 21,337 513 70 383 0000000000
H_GRONINGEN 5336455 Kjell male 2014-06-04 2014-06-23 assumed dead 20 5,420 540 74 406 5200000000
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MH_WATERLAND H185298 Almut female 2016-06-03 2016-06-13 assumed dead 11 475 656 420
MH_WATERLAND L143472 Ben male 2016-05-02 2017-07-15 assumed dead 440 85,924 571 404
MH_WATERLAND L143451 Jozef male 2013-06-25 2018-07-28 unknown 1,854 183,985 512 64 402
MH_WATERLAND H173481 Mia female 2013-05-16 2013-08-02 assumed dead 78 13,209 785 77 430
MH_WATERLAND L143457 Peter male 2013-07-22 2014-09-01 assumed dead 407 62,297 482 65 392
MH_WATERLAND L143467 Raymond male 2015-05-26 2016-03-25 found dead in 

March 2016
305 31,070 472 71 385

MH_WATERLAND L143473 Walter male 2016-06-01 2016-06-08 assumed dead 8 950 485 395
MH_ANTWERPEN H197169 Lilla female 2019-04-18 2019-07-30 alive 104 28,181 810 80 426 0
MH_ANTWERPEN L177801 Lillo male 2019-05-16 2019-05-19 alive 4 17,046 520 72 410 0
MH_ANTWERPEN H171693 Zuzanna female 2018-07-18 2018-07-27 unknown 10 2,690 674 77 410 29
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was tagged in 2013 in his breeding area in the Waterland-Oudeman region but moved 
to another breeding area at the Moeren close to Veurne at 70 km from his previous 
breeding ground in 2016, 2017 and 2018. The other individuals in this dataset have not 
been seen in their original breeding grounds in the past few years and are assumed dead.

Sampling description

Harriers in the three studies were equipped with the University of Amsterdam Bird 
Tracking System (UvA-BiTS) developed by the Institute for Biodiversity and Ecosys-
tem Dynamics (IBED) at the University of Amsterdam. These lightweight, solar pow-
ered GPS trackers automatically record 3D position and air temperature. The built-in 
tri-axial accelerometer can be configured to collect body movements and bird behav-
iour and was deployed in the H_GRONINGEN and MH_ANTWERPEN studies. 
Each individual tri-axial accelerometer measurement consists of x (acceleration-raw-x), 
y (acceleration-raw-y) and z data points (acceleration-raw-z). Tilt values (tilt-x, tilt-y 
and tilt-z) are derived from the raw acceleration measurements (M), the calibration 
factors offset (O) and sensitivity (S).Thus acceleration for heave (tilt-z), surge (tilt-x) 
and sway (tilt-y) is calculated as: Az = (Mz-Oz)/Sz ; Ax = (Mx-Ox)/Sx; Ay = (My-Oy)/Sy 
(UvA-BiTS 2018). Tilt data are expressed in g. Both raw acceleration data and derived 
tilt data are collected in groups of 20 samples. These samples should be analysed as a 
group because these multiple data recordings are collected in a rapid sequence (up to 
20 tri-axial measurements per second) to produce a complete picture of bird behaviour.

Data are stored in the tracker’s 4 MB built-in flash drive. Depending on the set-
tings, up to 60,000 GPS records can be stored in the internal memory (Bouten et 
al. 2013). Trackers are equipped with a ZigBee transceiver and a whip antenna for 
transmitting data to a base station and for receiving new measurement settings. Unlike 
other bird tracking studies using similar technology (e.g., Stienen et al. 2016), base sta-
tions were not set up on fixed locations as breeding sites varied between years. Once the 
tagged harriers were spotted in their breeding locations, mobile base stations were used 
to read out data. This implies that data from birds that do not return to their previous 
breeding grounds cannot be retrieved unless they are spotted in a new breeding loca-
tion (as happened with Jozef who moved to another breeding location in spring 2016).

Different intervals between successive GPS fixes were applied, ranging from 3 s 
to 30 min during the day, and 4 s to 2 h at night. In the H_GRONINGEN study, 
“high-resolution” GPS data with an interval of 3 s were collected during parts of the 
day using hourly blocks or virtual geographic fences in order to increase the positional 
accuracy of the GPS fixes (Bouten et al. 2013).

Data received by the base stations are automatically harvested, post-processed, and 
stored in a central PostgreSQL database at UvA-BiTS (http://www.uva-bits.nl/virtual-
lab), which is accessible to the involved researchers only. In order to make our data 
available to the whole scientific community, all tracking data are eventually published 
as open data. We decided to upload the data to Movebank (https://www.movebank.
org) as it is a specific repository for this type of data and it is well adopted by the 
scientific community (Mrozewski 2018). The Movebank data model enables the de-
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scription of animals, tags, deployments, detections, and other measurements, such as 
acceleration data (Kranstauber et al. 2011).

Both reference, GPS data and acceleration data of our Western marsh harrier stud-
ies were downloaded from the UvA-BiTS database using SQL queries and then trans-
formed into the Movebank data format (Movebank 2019) using R scripts (https://
github.com/inbo/bird-tracking). This allows us to repeat the process when new data 
become available for active studies. These data were then uploaded to the Movebank 
database, with one study for each dataset (Table 2). As the Movebank data repository 
(https://www.datarepository.movebank.org/, offered as a service to archive movement 
data) currently does not support versioning and version-agnostic DOIs, we opted to 
archive our studies in the Zenodo data repository (https://www.zenodo.org). For each 
Movebank study, one Zenodo data package has been created (Table 2). These data 
packages consist of four different file types: a readme file with the terms of use and at-
tributes of the data files, a reference data file about animals, tags and deployments, GPS 
data files, and files containing acceleration data. GPS and acceleration data are split 
into separate csv files per year, which makes it easier to download data in manageable 
chunks and to update these data packages with observations from an extra year. For 
this reason, the MH_ANTWERPEN dataset contains more GPS data records in the 
Movebank study compared to the Zenodo archive as data from 2019 are incomplete 
and will be archived on Zenodo in the course of 2020 after birds have returned from 
their wintering area. No GPS data are available for 2019 from birds in the H_GRO-
NINGEN and MH_WATERLAND studies, as none of the tagged individuals were 
observed in 2019 (Figure 3).

Quality control description

GPS fixes that are likely incorrect (i.e., outliers) are marked in two ways: manually by 
the researcher in the UvA-BiTS database (indicated as TRUE in manually-marked-
outlier) and automatically before uploading to Movebank for GPS-fixes with speeds 
above 30 m/s (indicated as TRUE in import-marked-outlier). Using this approach, 
376, 97 and 16 observations were marked as outliers in H_GRONINGEN, MH_
WATERLAND and MH_ANTWERPEN respectively. The workflow and scripts for 
querying data from the UvA-BiTS database and transforming these into the Move-
bank data format are publicly documented on GitHub (https://github.com/inbo/
bird-tracking).

table 2. Datasets and the respective links to the Movebank studies and Zenodo data packages.

Title Movebank 
study ID

Zenodo

H_GRONINGEN – Western marsh harriers (Circus aeruginosus, Accipitridae) 
breeding in Groningen (the Netherlands)

922263102 https://doi.org/10.5281/zenodo.3552507

MH_WATERLAND – Western marsh harriers (Circus aeruginosus, Accipitridae) 
breeding near the Belgium-Netherlands border

604806671 https://doi.org/10.5281/zenodo.3532940

MH_ANTWERPEN – Western marsh harriers (Circus aeruginosus, Accipitridae) 
breeding near Antwerp (Belgium)

938783961 https://doi.org/10.5281/zenodo.3550093
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Figure 3. Tracking effort: number of observations per day and per individual.

Method step description

Data recording

1. Researcher captures bird, takes biometrics, attaches GPS tracker, and releases bird.
2. Researcher records or updates metadata about bird, GPS tracker and deployment.
3. Researcher sets a measurement scheme, which can be updated anytime.
4. GPS tracker records data.
5. GPS tracker automatically receives new measurement settings and transmits re-

corded data when a connection can be established with the mobile base station.
6. Recorded data are automatically harvested, post-processed, and stored in a central 

PostgreSQL database at UvA-BiTS.
7. Data stream stops when birds no longer return to the nesting site or if GPS trackers 

no longer function.

Data publication

1. Data (reference, GPS and acceleration) are periodically exported from UvA-BiTS 
in the Movebank data format.

2. GPS outliers are marked.
3. Data are uploaded to the appropriate study on Movebank and made public-

ly available.
4. Data are exported from Movebank and archived on Zenodo, where each update is 

a version with a DOI.
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Datasets

Dataset description

Our data are grouped in three datasets (one dataset per study area). H_GRONIN-
GEN is the largest dataset containing 987,493 GPS fixes in the period 2012–2018, 
while the MH_WATERLAND study started in 2013 with 377,910 GPS fixes until 
2018, and MH_ANTWERPEN started in 2018 and contains 47,917 GPS fixes in the 
Movebank study for the period 2018–2019 (Figure 4). In the H_GRONINGEN and 
MH_ANTWERPEN studies acceleration data were collected as well, with respectively 
3,853,859 and 227,746 acceleration records (Figure 5).

H_GRONINGEN dataset

•	 Object	name: H_GRONINGEN – Western marsh harriers (Circus aeruginosus, 
Accipitridae) breeding in Groningen (the Netherlands)

•	 Format	name: Movebank data format
•	 Format	version: 2 (http://vocab.nerc.ac.uk/collection/MVB/2/)
•	 Language: English
•	 License: http://creativecommons.org/publicdomain/zero/1.0/
•	 Usage	norms: http://www.inbo.be/en/norms-for-data-use
•	 Publication	date: 2019-11-26
•	 Derived	from: https://www.movebank.org/cms/webapp?gwt_fragment=page=stu

dies,path=study922263102
•	 DOI	 of	 version	 described	 in	 this	 paper: https://doi.org/10.5281/zeno-

do.3828298
•	 DOI	for	all	versions: https://doi.org/10.5281/zenodo.3552507

MH_WATERLAND dataset

•	 Object	name: MH_WATERLAND – Western marsh harriers (Circus aeruginosus, 
Accipitridae) breeding near the Belgium-Netherlands border

•	 Format	name: Movebank data format
•	 Format	version: 2 (http://vocab.nerc.ac.uk/collection/MVB/2/)
•	 Language: English
•	 License: http://creativecommons.org/publicdomain/zero/1.0/
•	 Usage	norms: http://www.inbo.be/en/norms-for-data-use
•	 Publication	date: 2019-11-12
•	 Derived	from: https://www.movebank.org/cms/webapp?gwt_fragment=page=stu

dies,path=study604806671
•	 Source	of: https://doi.org/10.15468/rbguhj (earlier version of dataset published 

to the Global Biodiversity Information Facility in the Darwin Core format)
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Figure 4. Number of GPS fixes per year and per dataset.

Figure 5. Number of acceleration records per year and per dataset.

•	 DOI	 of	 version	 described	 in	 this	 paper: https://doi.org/10.5281/zeno-
do.3826591

•	 DOI	for	all	versions: https://doi.org/10.5281/zenodo.3532940
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MH_ANTWERPEN dataset

•	 Object	name: MH_ANTWERPEN – Western marsh harriers (Circus aeruginosus, 
Accipitridae) breeding near Antwerp (Belgium)

•	 Format	name: Movebank data format
•	 Format	version: 2 (http://vocab.nerc.ac.uk/collection/MVB/2/)
•	 Language: English
•	 License: http://creativecommons.org/publicdomain/zero/1.0/
•	 Usage	norms: http://www.inbo.be/en/norms-for-data-use
•	 Publication	date: 2019-11-21
•	 Derived	from: https://www.movebank.org/cms/webapp?gwt_fragment=page=stu

dies,path=study938783961
•	 DOI	 of	 version	 described	 in	 this	 paper: https://doi.org/10.5281/zeno-

do.3827918
•	 DOI	for	all	versions: https://doi.org/10.5281/zenodo.3550093

usage norms

To allow anyone to use these datasets, we have released the data to the public domain 
under a Creative Commons Zero waiver (http://creativecommons.org/publicdomain/
zero/1.0/). We would appreciate however, if you read and follow these norms for data 
use (http://www.inbo.be/en/norms-for-data-use) and provide a link to the original 
dataset using the DOI whenever possible. If you use these data for a scientific paper, 
please cite the dataset(s) following the applicable citation norms and/or consider us for 
co-authorship. We are always interested to know how you have used or visualized the 
data, or to provide more information, so please contact us via the contact information 
provided in the metadata or opendata@inbo.be.
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