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Abstract
Two species of the Habronattus clypeatus species group are described, Habronattus arcalorus sp. n. from 
Texas and Colorado, and Habronattus gilaensis sp. n. from New Mexico. Habronattus arcalorus males 
have extravagant ornamentation: a green first leg with an unusually dense lateral fringe of orange and 
white hairs, and a large grey triangular patella on the third leg with blue-white scales nearby. Habronattus 
gilaensis males are considerably more muted, lacking ornamentation on the third leg’s patella and tibia. 
Photographs of living specimens are given, as well as notes on habitat.
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Introduction

The genus Habronattus F.O. Pickard-Cambridge, 1901 includes jumping spiders whose 
males have remarkably complex courtship displays, especially the members of a large 
clade with modified first and third legs (Peckham and Peckham 1890; Griswold 1987; 
Elias et al. 2003, 2012). Within this clade, the first leg of most males is laterally fringed 
with modified setae, and the third femur, patella and tibia have several modifications 
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of apophyses, swellings, tufts, and colours. This clade contains 38 described species 
(Griswold 1987) divided into three species groups, of which the clypeatus species group 
is restricted to the southwestern United States and Mexico. We here describe two new 
species of the clypeatus group, one of which has some of the most exaggerated courtship 
ornamentation known in Habronattus. These two species were referred to in molecular 
phylogenetic and chromosome studies by the names “Habronattus sp. (CNCTY)” and 
“Habronattus cf. dossenus” (Maddison and Hedin 2003; Maddison and Leduc-Robert 
2013), and are the current focus of continuing behavioural and molecular studies.

Methods

Preserved specimens were examined under both dissecting microscopes and a com-
pound microscope with reflected light. Drawings were made with a drawing tube on 
a Nikon ME600L compound microscope. All specimens are deposited in the Spencer 
Entomological Museum of the University of British Columbia (UBC-SEM), except 
for paratypes deposited (as noted) in the AMNH (American Museum of Natural His-
tory), MCZ (Museum of Comparative Zoology, Harvard University) or OSAC (Or-
egon State Arthropod Collection, Oregon State University, Corvallis).

Terms are used in standard fashion for Araneae. The descriptions were written 
with primary reference to the focal specimen indicated, which was used for measure-
ments and carefully checked for details, but they apply as far as known to the other 
specimens examined. All measurements are given in millimeters. Carapace length 
was measured from the base of the anterior median eyes (AME) not including the 
lenses to the rear margin of the carapace medially; abdomen length to the end of the 
anal tubercle. Positions on the bulb of the male palp (left, ventral view) are described 
using hours of an analog clock’s face. The following abbreviations are used: ALE, 
anterior lateral eyes; PLE, posterior lateral eyes; PME, posterior median eyes (the 
“small eyes”).

The Habronattus clypeatus species group

The eight described species of this group can be distinguished from one another by their 
male third legs (Figs 1–9) as well as other features. The group is distinctive for having 
the male clypeus with vertical-oblique dark bands descending from the AME, the basal 
white band of the abdomen divided by one or two longitudinal medial dark bands, and 
(usually) a medial longitudinal dark band on the underside of the abdomen. The ret-
rolateral tibial apophysis appears as a hook in ventral view. In addition, in living males 
of the clypeatus group a pattern of dark spots is visible when the observer looks into the 
AMEs, consisting of an array of dark pigment patches (see, for example, this video: 
https://www.youtube.com/watch?v=Dq5ky7vjPYo). It is possible that all Habronattus 
have such a pigmentation pattern in the eyes, but that it has been observed only in the 
clypeatus group because the broad depigmented areas on the thorax let in light.



Two new Habronattus jumping spiders 3

Figures 1–9. Third legs of males of described species in the Habronattus clypeatus species group. Left legs 
shown, except Figs 1, 2, 7, 9 which show digitally-flipped images of right legs. 1 H. dossenus Griswold, 
1987, from U.S.A.: Arizona: Cochise Co.: Lower Turkey Creek, Chiricahua Mts, 109.42°W, 31.85°N, 
2 H. clypeatus (Banks, 1895) (montane form), from U.S.A.: Arizona: Jack’s Canyon near Flagstaff 3 H. cl-
ypeatus (desert form), from U.S.A.: Arizona: Pima Co.: Santa Catalina Mts., Molino Basin, Prison Camp 
road 4 H. velivolus Griswold, 1987, from México: Jalisco: Laguna Sayula, 19.9963°N, 103.5522°W 5 H. 
formosus (Banks, 1906), from U.S.A.: California: Inyo Co.: Bishp 6 H. forticulus (Gertsch & Mulaik, 
1936), from U.S.A.: Texas: Travis Co., Austin, 30.25°N, 97.71°W 7 H. californicus (Banks, 1904), from 
U.S.A.: California: San Diego Co.: Oceanside, 33.27°N, 117.44°W 8 H. divaricatus (Banks, 1898), from 
México: Baja California Sur: near La Laguna trailhead, San Juan del Aserradero 9 H. aztecanus (Banks, 
1898), from México: Nayarit: San Blas. All photos credit W. P. Maddison.

Species boundaries in the group are not entirely clear. Habronattus clypeatus 
(Banks, 1895) has two forms, a montane form in most of its range, dark and with 
the third femur swollen and orange terminally (Fig. 2), and a smaller paler form from 
the deserts of southern Arizona whose third femur is less modified (Fig. 3). The desert 
form appears to intergrade with H. formosus (Banks, 1906) (Fig. 5), with the third leg’s 
patella becoming more red and swollen moving west from Phoenix to Yuma. Most 
recognized species are parapatric or allopatric, but there is at least one case of sympatry: 
H. dossenus Griswold, 1987 and H. clypeatus in southern Arizona, where they can co-
occur in the same small habitat. In such situations, apparent hybrids – male specimens 
that blend the ornaments of both species – can be found occasionally. The two species 
described here are distinctive, without any known intergradation with other forms.
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Results

Habronattus arcalorus Maddison & Maddison, sp. n.
http://zoobank.org/479C8BE5-6F5D-470E-9ECC-2F63175C6159
Figs 10–21

Holotype. Male in UBC-SEM, with labels: “TEXAS: Jeff Davis Co.: Davis Moun-
tains State Park 103.939°W, 30.593°N, 22-23 April 1997 Maddison/Hedin/Hebets 
WPM#97-001” and “♂W167”.

Paratypes (5♂♂ 3♀♀). 1♂ (specimen W328) 1♀ (specimen W332) in UBC-
SEM; 1♂ 1♀ in AMNH; 1♂ 1♀ in MCZ; 2♂ in OSAC; all with same data as holotype.

Etymology. The name is an arbitrary combination of letters, including the syllable 
“arc”, included to evoke the rainbow of colors in the male ornaments.

Diagnosis. The large triangular patella of the third leg of males is distinctive in sal-
ticids. Habronattus viridipes (Hentz,1846) has a triangular patella also (Griswold 1987: 
figure 99), but it is different from that of H. arcalorus in colour (orange-yellow with 
a black spot, rather than grey) and in having a terminal apophysis. Habronattus cali-
fornicus (Banks, 1904), also of the clypeatus group, has a triangular patella (Griswold 
1987: figure 107), but the patella is smaller and yellow and red. H. arcalorus also differs 
from H. californicus in having green first legs with a much denser fringe. Females of H. 
arcalorus are distinctive from most specimens of other clypeatus group species in having 
a distinct black triangle on the thorax (Figs 19-20).

Note. This species was referred to by Maddison and Hedin (2003) as H. sp. 
(CNCTY) (and possibly also H. sp. (CHIH); see note below on Chihuahuan form). 
Molecular data suggest that H. arcalorus and H. forticulus (Gertsch & Mulaik, 1936) 
are outside the clade containing the bulk of the clypeatus group species – H. azte-
canus (Banks, 1898), H. californicus (Banks, 1904), H. clypeatus, H. divaricatus (Banks, 
1898), H. dossenus, H. formosus, and H. velivolus Griswold, 1987. H. arcalorus and H. 
forticulus are the easternmost representatives of the clypeatus group.

Description. Male (focal specimen: holotype, specimen W167). Carapace length 
2.3; abdomen length 2.3. Structure of chelicerae, legs, and body typical for Habro-
nattus and the clypeatus group. Palp (Figs 10, 11) standard for the clypeatus group 
(Griswold 1987 figures 180, 181, 203), with the embolus arising at about 3:00 and 
the basal portion of the terminal apophysis pointing to 6:00. The tibial apophysis is 
hooked from ventral view (Fig. 10); in retrolateral view it narrows abruptly before its 
tip leans ventrally (Fig. 11). First legs (Figs 14, 15, 18, 21): Fringed laterally on the 
femur, patella, and tibia. Femur prolaterally and ventrally covered with spoon-shaped 
setae, swollen at the tips. Tibia with two large spatulate macrosetae prolaterally. Third 
legs (Figs 13, 16, 17): Patella swollen into a large triangle. Colour in life (Figs 14–18, 
21): Chelicerae dark, with white setae medially. Palp femur and patella covered with 
beige scales above; cymbium with scattered white erect setae, especially retrolaterally. 
First leg dark above, but with light green integument below, and with dense fringes of 
erect setae prolaterally and retrolaterally on the femur, patella and tibia. These fringes 
are orange on the femur prolaterally, grading to white elsewhere on femur, patella, 
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Figures 10–21. Habronattus arcalorus sp. n. All specimens from Davis Mountains, Texas except Fig. 
12, from Cañon City, Colorado. (10–11 paratype male W328) 10 left palp, ventral view 11 left palp, 
retrolateral view. 12 epigynum, ventral view, paratype female W332. Scale bar = 0.1 mm. 4 third leg 
femur, patella and tibia 13–18 living male 19–20 living females. 21 male in courtship pose. All photos 
credit W. P. Maddison.

and tibia. Spoon-shaped setae on underside of first femur are white at tips. Femur of 
third leg with transverse white and dark bands (Figs. 13, 16) in basal half, blue-white 
scales in distal half that match similar blue-white scales at front of abdomen (Figs. 
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14-18). Third patella steel-grey with a white fringe above; tibia black with pale band 
rising obliquely toward the distal and dorsal (Figs 13, 17). Clypeus covered in white 
setae except for a dark band descending obliquely from each AME. Ocular area rust-
coloured, with thin tan band arching between PMEs. Pale thoracic bands wide ante-
riorly, narrowing to a point at back margin. Abdomen with generous basal band of 
blue-white scales, broken at the front by two small black lines (Fig. 14). Longitudinal 
medial band of pale scales on dorsum of abdomen triangular, much wider at front 
than back. Colour in alcohol: more or less as in life, but with first leg integument 
yellow-orange, no longer green, and bluish cast of third femur and abdominal basal 
band not visible.

Female (focal specimen: paratype, specimen W332). Carapace length 2.7; abdo-
men length 2.8. Structure typical for Habronattus and the clypeatus group. Epigynum 
(Fig. 12) with long narrow central pocket in front of which is a small semicircular atri-
um, as is usual for the species group. Colour (Figs 19-20): Uniform beige to tan, with 
black triangular patch on posterior thorax. Some specimens show two longitudinal 
dark bands on abdomen (Fig. 20). The clypeus is covered with white scales, but a hint 
of the dark oblique bands of the male can be seen beneath the white scales. Likewise, 
there is a hint of the transverse bands on the third femur.

Additional material examined. USA: TEXAS: Jeff Davis Co.: Davis Moun-
tains State Park 103.939°W, 30.593°N, 22–23 April 1997 Maddison/Hedin/Hebets 
WPM#97-001 (11 ♂♂, 2 ♀♀, 6 subadult ♂♂, 16 other juveniles). TEXAS: Jeff Da-
vis Co.: Davis Mountains, roadside, highway 118 104.098°W, 30.704°N, 23 April 
1997 Maddison/Hedin/Hebets WPM#97-003 (2 ♂♂ 1 ♀). COLORADO: Fremont 
Co., Royal View Campground. ~9 mi W of Cañon City on HWY 50. N38.495° 
W105.354°. 24 May 1982 D. & W. Maddison WPM#82-108 (10 ♂♂, 6 ♀♀).

Chihuahuan form. Specimens of a form that may be either a geographical variant 
of H. arcalorus, or a distinct species, were found in the Tomochic area of Chihuahua, 
Mexico (Figs 22-26). This is the form referred to by Maddison and Hedin (2003) as 
“H. sp. (CHIH)”. The markings, robust body, and dense fringes on the male first leg 
match those of H. arcalorus, but the third patella is different (Figs. 24, 26): smaller, 
rounded, dark red in the distal half. The tip of the femur is dark red with white bands, 
not blue-white as in H. arcalorus. The front of the abdomen is not bluish, nor does 
the basal band have two clear dark stripes. Habronattus arcalorus and the Chihuahuan 
form do not group together by mitochondrial data in Maddison and Hedin’s (2003) 
gene tree, but Maddison and Hedin suggest there is introgression from the coecatus 
group into the Chihuahuan form, and nuclear data are lacking. It seems likely that a 
diversity of geographic forms exists in satellite ranges of the Sierra Madre Occidental 
and Sierra Madre Oriental in Chihuahua and Coahuila, yet to be discovered. Until 
more detailed studies are done, we will avoid giving a new taxon name to the Chihua-
han form, and call it H. cf. arcalorus (“CHIH”). The material examined of the Chi-
huahuan form (all in UBC-SEM) is: MEXICO: CHIHUAHUA: 1 mi E of Tomochic 
on HWY 16. 14 Mar 1996 Susan Masta (6 ♂♂, 5 ♀♀). CHIHUAHUA: 2.7 mi E of 
Tomochic on HWY 16. 14 Mar 1996 Susan Masta (2 ♀♀). CHIHUAHUA: 10.1 mi 
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Figures 22–26. Habronattus cf. arcalorus (“CHIH”). All specimens from near Tomochic, Chihuahua. 22–
23 living male. 24 third leg, living male 25 female 26 third leg in alcohol. All photos credit W. P. Maddison.

E of Tomochic on HWY 16. 14 Mar 1996 Susan Masta (4 ♂♂, 4 ♀♀). CHIHUA-
HUA: 15 mi N of Madera road to 40 Casas archaeological zone. 15 Mar 1996 Susan 
Masta (2 ♂♂, 1 ♀).

Natural history. Habronattus arcalorus was found abundantly in both areas in 
which it was collected. At the Cañon City locality it was found on rocks on a dry 
hillside with sparse vegetation and pinyon pines (Fig. 33). In the Davis Mountains of 
Texas it was found on oak leaf litter mixed with grass and rocks in a stream valley, and 
on rocks mixed with grass in a juniper-pinyon-oak woodland. Fig. 21 shows a male 
in courtship pose. Maddison and Leduc-Robert (2013) report the karyotype of H. 
arcalorus as 26 acrocentric autosomes plus 2 acrocentric X chromosomes in males, as 
is typical for salticids.

Habronattus gilaensis Maddison & Maddison, sp. n.
http://zoobank.org/B708C045-57ED-4286-806E-E96615C6ADF3
Figs 27–32

Holotype. male in UBC-SEM, with labels “USA: New Mexico: Grant Co., Bill Evans 
Lake, 1400 m. 32.865°N, 108.5784°W, 10 April 1996 D.R. Maddison DRM96.015” 
and “W123”.

Paratypes (5♂♂ 2♀♀). New Mexico: Grant Co., Gila River, Billings Vista, 
32.8137°N, 108.6011°W, 11 August 2005 D.R. Maddison DRM 05.042 (1♂ in each 
of AMNH, MCZ, OSAC; 1♀ in UBC-SEM); New Mexico: Grant Co., Bill Evans 
Lake, 1400 m. 32.865°N, 108.5784°W, 10 April 1996 D.R. Maddison DRM96.015 
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(1♂ in UBC-SEM); New Mexico: Grant Co., route 90 S of Tyrone, 1755 m. 32.702°N, 
108.3043°W, 10 April 1996 D.R. Maddison DRM96.016 (1♂ in UBC-SEM); New 
Mexico: Walnut Creek Road NW of Silver City, 32.8309°N, 108.3326°W, 6 April 
2012, C. Wu (1♀ in UBC-SEM, “female 434” of D. Elias laboratory);

Etymology. The name refers to the known distribution of this species, in the re-
gion of the Gila River drainage of New Mexico.

Diagnosis. The third leg has an unornamented patella and tibia (Fig. 30), unlike 
all other members of the H. clypeatus group (Figs 1-9). The only other species of the 
group with green first legs in the male are H. dossenus and H. arcalorus. From H. arcalo-
rus, H. gilaensis differs in many details of ornamentation, especially the third leg. H. 
gilaensis is most similar to H. dossenus, but differs (in males) in almost complete lack of 
ornamentation on the third leg, in the paler ocular area, denser and longer fringes on 
the first leg, denser covering of white setae on the cymbium, and in having the white 
scales on the side of the carapace broken by a black band extending posteriorly.

Note. This species was referred to as H. cf. dossenus by Maddison and Hedin (2003).
Description. Male (focal specimen: holotype, specimen W123). Carapace length 

2.2; abdomen length 2.0. Structure of chelicerae, legs, and body typical for Habronat-
tus and the clypeatus group. Palp (Figs 27–28) standard for the clypeatus group, very 
similar to that of H. arcalorus. First legs (Figs 31, 32): Dense fringes of erect setae 
retrolaterally on the femur, and prolaterally and retrolaterally on the patella and tibia. 
The setae of these fringes are simple, not swollen as in H. arcalorus. Tibia with two 
large spatulate macrosetae prolaterally. Third legs (Figs 30, 32): Almost as in female, 
little modified. Colour in life (Figs 31, 32): Chelicerae dark, with white setae medi-
ally. Palp femur and patella covered with beige scales above; cymbium fairly densely 
covered with white setae. First leg dark above, but with green integument below, and 
fringes tan to white. Femur of third leg with indistinct transverse bands (Figs 30, 32). 
Clypeus covered in white setae except for a dark band descending obliquely from each 
AME. Ocular area light brown to tan, with thin tan bands arching between PMEs. 
Pale thoracic bands wide anteriorly, narrowing to a point at back margin. Abdomen 
with basal band of white scales broken at the front by two small black lines (Fig. 31). 
Longitudinal medial band of pale scales on dorsum of abdomen narrow. Medial lon-
gitudinal dark band on underside of abdomen. The dark clypeal bands, pale arching 
band in the ocular area, and broken basal band are also typical for the clypeatus group. 
Colour in alcohol: more or less as in life, but with first leg integument yellow-orange, 
no longer green.

Female (focal specimen: paratype, “female 434”). Carapace length 2.6; abdomen 
length 3.2. Structure typical for Habronattus and the clypeatus group. Epigynum (Fig. 29) 
with long narrow central pocket in front of which is a small semicircular atrium, as is usual 
for the species group. Colour: uniform beige to tan scales covering body. Clypeus covered 
with white scales. Third femur with a hint of the transverse bands seen in the male.

Additional material examined. USA: New Mexico: Grant Co., route 90 S of 
Tyrone, 1755 m. 32.702°N, 108.3043°W. 10 April 1996. D.R. Maddison. DRM96-
016 (3 ♂♂). New Mexico: Grant Co., Big Burro Mountains, road from Lordsburg 
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Figures 33–34. Habitats of H. arcalorus and H. gilaensis. 33 H. arcalorus habitat with second author 
searching for specimens, USA: Colorado: ~9 mi W of Cañon City, 38.495°N, 105.354°W, 24 May 1982 
WPM#82–109 34 H. gilaensis habitat (on ground in foreground), USA: New Mexico: Grant Co., Gila 
River, Billings Vista, 32.8137°N, 108.6011°W, 11 August 2005 DRM 05.042.

Figures 27–32. Habronattus gilaensis, sp. n. 27–28 male holotype left palp 29 Paratype female epigy-
num, ventral view 30–32 living male from south of Tyrone, New Mexico (32.702°N 108.3043°W) 30 is 
anterior lateral view of third leg. All photos credit W. P. Maddison.

to Silver City. 32.505°N, 108.464°W. 9 August 1997. W. Maddison & M. Hedin. 
WPM#97-028 (1 ♂).

Natural history. Found on open dry ground, on rocks and leaf litter (Fig. 34).
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Introduction

Because of their high level of endemism and conservation challenges, the Macaron-
esian archipelagos, located in the eastern Mid-Atlantic ocean, are listed among Earth’s 
biodiversity hot spots (Myers et al. 2000). The Canary Islands are one of the most 
diverse and better studied archipelagos in Macaronesia. The islands are of volcanic 
origin and were never connected to the continent, which lays merely 100 km off the 
northwest coast of Africa (Fig. 1). The islands are roughly ordered in a straight line. 
Fuerteventura is the oldest (22–23 My) and closest island to the North African coast. 
Lanzarote (15 My) is the second oldest and geologically related to Fuerteventura. 
The rest of the islands become progressively younger towards the west: Gran Canaria 
(14.5–15 My), Tenerife (12 My), La Gomera (11 My), La Palma (1.7–2 My) and 
El Hierro (1.1–1.2 My) (Carracedo et al. 1998; van den Bogaard 2013). The major 
climatic, geological, and ecological differences between Fuerteventura and Lanzarote 
and the remaining islands are due to the higher erosion and aridification of the former, 
which have reduced habitat diversity in comparison to the younger central-western 
islands. Geological and geographic features of the islands have influenced biodiversity 
patterns in the archipelago. Along the altitudinal gradient, different bioclimatic and 
vegetation communities characterize the northern and southern slopes of each island. 
Six main ecological zones can be observed according to altitude, although their limits 
can differ substantially between windward and leeward slopes, and some zones may 
even be absent from the leeward slope: (1) the zone from the seashore up to 250 m 
(700 m on leeward) is characterised by xerophytic shrub communities (lowland xe-
rophytic shrub); (2) from 250 to 600 m the vegetation is dominated by thermo-
sclerophyllous woodlands, almost absent on the lee side; (3) from 600 to 1000 m by 
subtropical mesic to humid laurel forest influenced by the cloud belt, very scarce on 
leeward slopes, where it is replaced by native pine forest; (4) from 1000 to 2000 m 
(700 to 2200 on the leeward slope) by a mesic to dry endemic Pinus canariensis forest; 
(5) from 2000–2200 m to 3250 by dry subalpine scrub, and (6) from 3000–3250 
m to the top (3718 m on Tenerife), an extremely scarce vegetation is found, with a 
limited permanent invertebrate community.

Arthropods are by far the most diverse assemblage of terrestrial Canarian organ-
isms, with nearly 7000 species, 465 of which are spiders, most of them endemisms 
(64%) (Macías-Hernández 2010). The genus Dysdera is the richest spider genus in 
the Canaries. It includes medium size, nocturnal wandering hunters that mostly in-
habit humid places, although some species are adapted to mesic and even dry habitats 
(Fig. 2). During daytime they find shelter in silk cocoons under rocks, trunks and 
tree barks (Roberts 1995). The genus is distributed along the circum-Mediterranean 
region, including the Macaronesian archipelagoes (Deeleman-Reinhold and Deele-
man 1988), and presently includes approximately 250 species (World Spider Catalog 
2016). To date, 47 endemic species have been documented in the Canary Islands 
(Arnedo et al. 1996, Arnedo and Ribera 1997, Arnedo and Ribera 1999b, Arnedo et 
al. 2000a, Arnedo et al. 2007, Macías-Hernández et al. 2010). Most of the species are 
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Figure 1. Map of the Canary Islands showing their geological age according to Carracedo et al., (1998) 
and van den Bogaard (2013).

single island endemics, but a few are present in two or three islands. The synanthropic 
D. crocata Koch, 1839 has also been reported on most of the islands.

During the last 20 years several systematic studies conducted on Canarian Dysdera 
have resulted in a large amount of specimen records and information on geographic 
distribution that is not always easily accessible. Part of this information is scattered 
among several publications, and many records remain unpublished. Moreover, many 
records of Canarian Dysdera only included information on locality names, sometimes 
difficult to identify on a map. The conversion of the locality names into georefer-
enced points facilitates the correct assignment and visualization of species distribution 
(Chapman and Wieczorek 2006). The creation of an up to date, fully georeferenced 
distribution database of Dysdera in the Canary Islands based on all available records, 
is a necessary step to summarize and further improve our current knowledge on this 
remarkable genus, and will offer an invaluable tool for future systematic, evolutionary, 
biogeographic, and ecological studies.

Methods

Sampling

Specimens referred in this database were collected during the last 45 years, mainly by 
members of the GIET (Grupo de Investigaciones Entomológicas de Tenerife) from the 
University of La Laguna (henceforth ULL), and by members of the University of Bar-
celona (UB), as well as by some external collaborators. The material used to assemble 
the database comes from different sources, most of the records corresponding to col-
lection trips conducted during PhD and master thesis fieldwork, and by other research 
projects (see details below):
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Figure 2. Habitus of some Dysdera species: a D. calderensis b D. longa c D. verneaui d D. unguimmanis 
e D. minutissima f D. arabisenen g D. sibyllina h D. silvatica. Photographs by P. Oromí.
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1. Specimens from PhD and master dissertations carried out at the University of La 
Laguna and University of Barcelona (A.L. Medina 1991, J.L. Martín 1992, M.A. 
Arnedo 1996, N. Macías-Hernández 2010, M. Roca-Cusachs 2016) (70%, ap-
prox. 3,200 records).

2. Specimens collected during research projects and other unpublished studies con-
ducted by i) GIET at the University of La Laguna: LIFE-Nature Project in Teide 
National Park (Oromí et al. 2002), Archipiélago Chinijo (Macías et al. 2004), 
NetBiome Project (unpublished data); ii) National Museum of Natural History 
at Madrid: 1999 and 2000 in Caldera de Taburiente National Park (Domingo-
Quero et al. 2003) (30%, approx. 1,380 records).

Most of the material used in the dataset is deposited in the collections of the Depart-
ment of Animal Biology, Edaphology and Geology, University of La Laguna (DZUL), 
and the Centre de Recerca de Biodiversitat Animal, University of Barcelona (CRBA: UB).

Although the sampling procedure depended on each research project, it was main-
ly conducted by direct searching under stones and logs, beneath tree bark, scraping soil 
and rocky embankments, or in volcanic caves. A large amount of specimens were also 
collected by using pitfall traps both on the surface and in the mesovoid shallow sub-
stratum (MSS) (López and Oromí 2010). The specimens collected were later preserved 
in individual vials either in 70% or in 95% ethanol. Labels for each specimen included 
information on locality, date, and collectors, as well as the taxonomic identification. 
This information was digitized following the criteria and standards of the Global Bio-
diversity Information Facility (GBIF http://www.gbif.org), and the specimens stored 
at the ULL are kept in the DZUL collection, which includes type material of 29 Maca-
ronesian species of Dysdera (Reboleira et al. 2012).

Geographic distribution of Dysdera

A complete raw dataset of specimen-based records identified to species level by the 
authors was firstly assembled. All available information (i.e. number of specimens, spe-
cies identification, identifier’s name, sex, locality, geographic coordinates, altitude, type 
of habitat, date, collector and observations) was digitized in a Microsoft Excel 2011 
spreadsheet (data not shown). A second species distribution table (Suppl. material 1) 
was constructed using the previous raw dataset, including all localities where each spe-
cies was found, the type of habitat and the altitude of each location.

GPS coordinates were converted to decimal degrees with the online coordinate con-
verter available at http://www.asturnatura.com/sinflac/calculadora-conversiones-coorde-
nadas.php. Old locality records without available geographic coordinates were identified 
and assigned by the IDECanarias online platform Sistema de Información Territorial de 
Canarias of the Canary Islands Government (http://visor.grafcan.es/visorweb/). Infor-
mation about doubtful localities was requested from the collectors when possible. Re-
cords that were not georeferenced (1% of the total) were excluded from the database.
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Table 1. Presence of each Dysdera species per island, indicating the corresponding number of endemic 
species. The troglobitic species are marked on grey. H: El Hierro, P: La Palma, G: La Gomera, T: Tenerife, 
C: Gran Canaria, F: Fuerteventura, L: Lanzarote.

Species H P G T C F L
Dysdera alegranzaensis Wunderlich, 1992             X
Dysdera ambulotenta Ribera, Ferrández & Blasco, 1985       X      
Dysdera andamanae Arnedo & Ribera, 1997         X    
Dysdera arabisenen Arnedo & Ribera, 1997         X    
Dysdera bandamae Schmidt, 1973         X    
Dysdera brevisetae Wunderlich, 1992       X      
Dysdera brevispina Wunderlich, 1992       X      
Dysdera calderensis Wunderlich, 1987   X X        
Dysdera chioensis Wunderlich, 1992       X      
Dysdera cribellata Simon, 1883       X      
Dysdera crocata Koch, 1838 X X X X X    
Dysdera curvisetae Wunderlich, 1992       X      
Dysdera enghoffi Arnedo, Oromí & Ribera, 1997     X        
Dysdera esquiveli Ribera & Blasco, 1986       X      
Dysdera gibbifera Wunderlich, 1992       X      
Dysdera gollumi Ribera & Arnedo, 1994       X      
Dysdera gomerensis Strand, 1911 X   X        
Dysdera guayota Arnedo & Ribera, 1999     X X      
Dysdera hernandezi Arnedo & Ribera, 1999       X      
Dysdera hirguan Arnedo, Oromí & Ribera, 1997     X        
Dysdera iguanensis Wunderlich, 1987       X X    
Dysdera insulana Simon, 1883       X X    
Dysdera labradaensis Wunderlich, 1992       X      
Dysdera lancerotensis Simon, 1907           X X
Dysdera levipes Wunderlich, 1987     X X X    
Dysdera liostethus Simon, 1907         X    
Dysdera longa Wunderlich, 1992           X  
Dysdera macra Simon, 1883       X      
Dysdera madai Arnedo, 2007       X      
Dysdera mahan Macías-Hernández & Arnedo, 2010           X X
Dysdera minutissima Wunderlich, 1992       X      
Dysdera montanetensis Wunderlich, 1992       X      
Dysdera nesiotes Simon, 1907             X
Dysdera orahan Arnedo, Oromí & Ribera, 1997 X   X        
Dysdera paucispinosa Wunderlich, 1992         X    
Dysdera ramblae Arnedo, Oromí & Ribera, 1997     X        
Dysdera ratonensis Wunderlich, 1992   X          
Dysdera rugichelis Simon, 1907         X    
Dysdera sanborondon Arnedo, Oromí & Ribera, 2000           X  
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Species H P G T C F L
Dysdera sibyllina Arnedo, 2007       X      
Dysdera silvatica Schmidt, 1981 X X X        
Dysdera simbeque Macías-Hernández & Arnedo, 2010             X
Dysdera spinidorsum Wunderlich, 1992           X  
Dysdera tilosensis Wunderlich, 1992         X    
Dysdera unguimmanis Ribera, Ferrández & Blasco, 1985       X      
Dysdera verneaui Simon, 1883       X      
Dysdera volcania Ribera, Ferrández & Blasco, 1985       X      
Dysdera yguanirae Arnedo & Ribera, 1997         X    
Total single-island endemic species  - 1 3 19 8 3 3
Total Canarian endemic species 3 3 9 23 11 5 5

Following data entry, a data checking procedure to minimize likely data-entry er-
rors was conducted. This included an assessment of records with the same localities for 
spelling errors, double-checking uncertain records (species identification, geographical 
coordinates, etc). Accurate spelling of scientific names and taxonomic synonyms was 
revised according to Arnedo (2003).

A georeferenced distribution map of each Dysdera species was generated using the 
free open source Geographic Information System program QGIS 2.12.3 (QGIS 2016).

Results

Database summary

The original raw database, from which all locality records were extracted, consisted of 
4,595 individual records identified to species level (data not shown). All georeferenced 
localities where each species was collected are shown in Suppl. material 1.

Species distribution

The distribution of each Dysdera species per island is summarized in Table 1. This table 
includes the corrected and updated species distribution regarding the last published 
checklist of terrestrial species from the Canary Islands (Macías-Hernández, 2010), as 
well as many new citations not included in the public database Banco de Datos de Biodi-
versidad de Canarias (http://www.biodiversidadcanarias.es/atlantis/common/index.jsf ).

The proportion of endemic Dysdera species per island and the species shared be-
tween islands is shown graphically in Fig. 3. All distributional maps of the species are 
presented in the Suppl. material 2.
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Figure 3. Graphical representation of the island endemisms and the species shared between islands. Pie 
sizes are proportional to the number of species on each island. Black sectors: number of species shared 
with other islands; grey sectors: proportion of local endemisms. Lines connecting pies: number of shared 
species between the corresponding islands, the width of the lines being proportional to the number of 
shared species. The disposition of pies reflects the geographical arrangement of the islands: P: La Palma, 
H: El Hierro, G: La Gomera, T: Tenerife, C: Gran Canaria, F: Fuerteventura, L: Lanzarote.

Discussion

The species composition of oceanic islands is the joint result of colonization from 
nearby continental regions, and local speciation and extinction processes (MacArthur 
and Wilson 1967). Molecular phylogenetic analyses of Canarian Dysdera suggest that 
the present day diversity of the genus on the island traces back to two or three colo-
nization events (Arnedo et al. 2001, Arnedo et al. 2007). The species on the western 
Canaries and the species on the eastern Canaries form distinct clades, the relationships 
of which remain unresolved. The last colonization event corresponds to the species 
D. lancerotensis, which has its closest relatives in Morocco and colonized the eastern 
Canaries more recently.

Species richness in Canarian Dysdera is positively correlated with the area, the 
elevation and the habitat diversity of the islands (Arnedo and Ribera 1999a, Arnedo 
et al. 2000a, Cardoso et al. 2010). It shows the typical humpback relationship with 
age also described for other organisms inhabiting the Canary Islands (Fig. 3) (Emerson 
and Oromí 2005, Cardoso et al. 2010): the central islands, of intermediate age (La 
Gomera, Tenerife and Gran Canaria) harbour the highest number of both species 
(9, 23, and 11 respectively) and single island endemics. Both the youngest (La Palma 
and El Hierro) and the oldest (Fuerteventura and Lanzarote) islands have less species, 
but the proportion of island endemics is higher in the oldest islands. This pattern is 
interpreted as the result of high local diversification and low extinction in the central 
islands, high extinction rates on the oldest ones due to the habitat lost driven by ero-
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sion (Arnedo et al. 2000b, Macías-Hernández et al. 2008) and the dominant role of 
immigration on the youngest islands.

Dysdera spiders have colonized all types of terrestrial habitats in the Canaries, from 
the intertidal (Macías-Hernández et al. 2010) to the highest altitudes (Macías-Hernán-
dez et al. 2013). Dysdera seems to be especially diverse in the laurel forest. The laurel 
forest of Anaga and Teno in Tenerife harbour nine species each. Similarly, the laurel 
forest of La Gomera has seven species, and the small remnants of such forest in Gran 
Canaria, five species. Dysdera have also colonized the underground environment. The 
Canary Islands harbour the highest number of cave-dwelling species in the whole genus 
(10 out of the 16 species reported so far in the whole genus). Furthermore, Dysdera 
is the spider genus with the highest number of troglobitic species in the archipelago 
(Oromí et al. 2001, Oromí 2004). To date, nine troglobitic species have been found 
in Tenerife and one in La Palma (highlighted in grey in Table 1) (Arnedo et al. 2007). 
Cave-dwelling species are not restricted to lava tubes and recent prospection of the 
mesovoid shallow environment (MSS) in El Hierro, Tenerife and Gran Canaria have 
shown evidence of taxa with morphological adaptations to subterranean environments.

A striking pattern of Dysdera in the Canaries is the frequent co-occurrence of species 
in the same locality. With very few, if any, exceptions, all the species overlap distributions 
with at least one other species. This observation raises the question of what are the factors 
that promote species coexistence in Canarian Dysdera. Co-occurring species tend to dif-
fer in size and cheliceral shape, which in Dysdera has been shown to be a proxy for diet 
specialization: some species seem to be generalist predators while other are oniscophagous 
specialists (ie. they feed preferably on woodlice) (Řezáč et al. 2008). A study combining 
phylogenetic information with distribution ranges in cave-dwelling Dysdera suggested that 
character displacement in phenotypic characters related to prey capture following second-
ary contact may explain the high levels of species range overlapping (Arnedo et al. 2007).

The conservation status of the genus Dysdera in the Canary Islands has not been 
adequately addressed yet. Some of the richest localities in terms of number of endemic 
Dysdera are protected areas included in the Red Canaria de Espacios Naturales Protegi-
dos and the Natura 2000 Network. One of the main threats on the species survival is 
the loss or degradation of suitable habitats. This is especially true for species with very 
restricted distributions, or low abundances, and the very specialized species inhabit-
ing the fragile underground environment. Previous studies conducted in several caves 
of the Canarian archipelago (Oromí et al. 2001), revealed high levels of severe soil 
pollution, sometimes favoured by the illegal use of lava tubes as house sewages. The 
introduction of exotic species represents an additional thread, due to the competition 
for resources with the endemic species. In the Macaronesian archipelagos the cosmo-
politan Dysdera crocata has been catalogued as an invasive species (Cardoso et al. 2008, 
Boletín Oficial del Estado, 2013) due to its negative impact on the ecosystems, and 
in the Azores it has been considered as the main cause of extinction for native Dysdera 
(Cardoso et al. 2010). In the Canary Islands D. crocata is widespread, and can also be 
found in natural habitats (Macías-Hernández and de la Cruz in prep.), but further 
studies are required to determine the real impact on the native fauna. Several Canar-
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ian Dysdera species are currently being assessed for the IUCN (Macías-Hernández in 
prep.) for eventual redlisting and to guarantee the protection of declining or endan-
gered species. Future studies focused on the conservation of the Canarian biota are 
needed to ensure the survival of these fragile island ecosystems.

The database and geographical maps presented in this article stand for the most 
updated and extensive information on the distribution of the spider genus Dysdera in 
the Canary Islands. One of the most powerful applications of this database is its use as 
a data-exploration tool for further ecological, biogeographical, taxonomic and conser-
vation studies. It will facilitate the visualization of widespread and narrowly distributed 
species, the patterns of species coexistence, and the distribution gaps. Furthermore, 
the combination of georeferenced distribution data with environmental information 
(habitat use, vegetation, projected climate, etc.) can be used for ecological niche mod-
elling studies (Graham et al. 2004).

Data resources

Data package title: A geographical distribution database of the genus Dysdera in the 
Canary Islands (Araneae, Dysderidae)

Provisional doi: 10.5061/dryad.t63mn
Data files: Macías-Hernandez et al. (2016), Zookeys, Species Distribution Table
Macías-Hernandez et al. (2016), Zookeys, Species Distribution Maps
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Abstract
The Caribbean islands harbor rich biodiversity with high levels of single island endemism. Stretches of ocean 
between islands represent significant barriers to gene-flow. Yet some native species are widespread, indicating 
dispersal across oceans, even in wingless organisms like spiders. Argiope argentata (Fabricius, 1775) is a large, 
charismatic, and widespread species of orb-weaving spider ranging from the United States to Argentina and 
is well known to balloon. Here we explore the phylogeography of A. argentata in the Caribbean as a part of 
the multi-lineage CarBio project, through mtDNA haplotype and multi-locus phylogenetic analyses. The 
history of the Argiope argentata lineage in the Caribbean goes back 3-5 million years and is characterized by 
multiple dispersal events and isolation-by-distance. We find a highly genetically distinct lineage on Cuba 
which we describe as Argiope butchko sp. n. While the argentata lineage seems to readily balloon shorter 
distances, stretches of ocean still act as filters for among-island gene-flow as evidenced by distinct haplotypes 
on the more isolated islands, high FST values, and strong correlation between intraspecific (but not inter-
specific) genetic and geographic distances. The new species described here is clearly genetically diagnosable, 
but morphologically cryptic, at least with reference to the genitalia that typically diagnose spider species. 
Our results are consistent with the intermediate dispersal model suggesting that good dispersers, such as our 
study species, limit the effect of oceanic barriers and thus diversification and endemism.
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Introduction

The Caribbean diversity hotspot has been colonized by a number of lineages via vary-
ing routes over millions of years. As is typical of other old oceanic islands, the archi-
pelago’s isolation helped form numerous single-island endemic species (Agnarsson and 
Kuntner 2012; Gillespie and Roderick 2002; Ricklefs and Bermingham 2008; Warren 
et al. 2015). The Caribbean islands are diverse in origin. Some are Darwinian volcanic 
islands that have been colonized exclusively by overwater dispersal – airborne or across 
the ocean, e.g. via vegetation rafts. Others are Wallacean fragment islands whose pe-
riodic connection to the mainland may have facilitated colonization over land bridges 
such as GAARlandia (Iturralde-Vinent and MacPhee 1999; Ricklefs and Berming-
ham 2008). Regardless, all the Greater Antilles islands and most of the minor Antilles 
have been isolated for the last several million years (Ali 2012; Heinicke et al. 2007; 
Iturralde-Vinent and MacPhee 1999; Iturralde-Vinent 2006). Thus the processes of 
divergence and diversification among islands due to lack of gene-flow can be expected 
to be ongoing in all but the best dispersing organisms for which stretches of ocean do 
not present formidable barriers—one prediction of the intermediate dispersal model 
(IDM) (Agnarsson et al. 2014; Claramunt et al. 2012; Weeks and Claramunt 2014). 
Such organisms are typically flying animals, or plants with salt-tolerant floating seeds, 
that are widespread but species depauperate (Weeks and Claramunt 2014).

Being wingless, a relatively small proportion of arachnid lineages tend to colonize 
ocean islands. Single-island endemism is common in successfully colonizing lineages 
(Arnedo and Gillespie 2006; Arnedo et al. 2007; Gillespie 2005; Gillespie et al. 2008; 
Zhang and Maddison 2012), a pattern consistent across taxa, islands and archipelagos 
including the Caribbean (Alayon 2006; Cosgrove et al. 2016; Crews and Gillespie 
2010; Dziki et al. 2015; Esposito et al. 2015; McHugh et al. 2014; Zhang and Mad-
dison 2012). This pattern is also found in many other invertebrates, and in vertebrates 
and plants (Ricklefs and Birmingham 2008). However, this pattern is by no means 
universal and different lineages often show contrasting patterns, such as in certain spe-
cies of the spider genus Selenops (Crews et al. 2010). Indeed, some spiders can readily 
disperse overwater by ‘ballooning’—becoming airborne on silk threads anchored to 
their spinnerets (Bell et al. 2005). For ballooning spiders stretches of ocean could be 
only partial barriers (filters) leading to predictions of limited diversification among 
islands. Our study subject here, Argiope spiders (Bell et al. 2005; Levi 1983), is poten-
tially one such lineage.

Species of the genus Argiope are large, sexually dimorphic, charismatic spiders 
with brightly colored abdomens (Cheng and Kuntner 2014, 2015) that were noted 
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by early taxonomists and among the first spiders to be described (Catalog 2015; 
Clerck 1757). Despite their large adult size, Argiope spiders are thought to be ex-
cellent dispersers because they occupy open tree-less habitats and have been docu-
mented to balloon (Bell et al. 2005). Argiope argentata (Fabricius, 1775) is a spe-
cies ranging from the United States to the Caribbean islands and as far south as 
Argentina (Levi 1983). It occurs on practically every Caribbean island and is thus 
an interesting subject for phylogeographical studies on relatively good dispersers.

Here, we present mtDNA and morphological data on Argiope argentata collected 
throughout the Caribbean to reveal phylogeographical patterns within the Caribbean, to 
test the degree of genetic structure within and among islands, and to measure divergence 
in cases where genetic patterns reflect geography. We verify relationships among species 
with a multi-locus phylogenetic approach, and we also describe a new species, Argiope 
butchko sp. n., previously thought to represent Cuban populations of A. argentata.

Methods

Specimens of Argiope argentata s. l. were collected diurnally using standard aerial search-
ing and beating methods from 2011-2015 across the Caribbean and in SE USA (Fig. 1, 
Suppl. material 4), including at four sites in Cuba: Siboney in Santiago, Alejandro in 
Guantanamo, Sierra de Camaguey in Camaguey, and Viñales, Sierra de los Órganos, 
Pinar del Rio. Specimens were preserved in 95% ethanol in the field and stored at -20° 
C until DNA extraction. Two sequences of mainland American A. argentata and seven 
sequences of outgroups, downloaded from Bold and GenBank, were included in the 
analyses (Suppl. material 4). As outgroups we included eight Argiope species, including 
the closest relatives of A. argentata based on a recent molecular phylogeny (Cheng and 
Kuntner 2014) (see Suppl. material 4).

DNA was isolated from 85 A. argentata s.l. and 13 other Argiope species with the 
QIAGEN DNeasy Tissue Kit (Qiagen, Inc., Valencia, CA), or using phenol extraction 
(Suppl. material 4). We sequenced a fragment of the mitochondrial ‘DNA barcode’ 
Cytochrome c oxidase subunit 1-COI, a useful marker at low taxonomic levels in spi-
ders, to establish boundaries among species (Čandek and Kuntner 2015; Hebert et al. 
2003). To amplify COI we used the primers LCO 1490 and HCO 2198 (Folmer et al. 
1994). PCR conditions and sequencing protocols were described previously (Bloom 
et al. 2014; McHugh et al. 2014). Sequences were submitted to GenBank (see Suppl. 
material 4 for accession numbers). Sequences were assembled using Phred and Phrap 
(Green 2009; Green and Ewing 2002) via Chromaseq (Maddison and Maddison 
2011a) in Mesquite 3.03 (Maddison and Maddison 2011b) with default parameters. 
The sequences were proofread and then aligned using the online EMBL-EBI MAFFT 
(Katoh 2013). COI nucleotide sequences were translated to amino acids to check for 
stop codons and to detect interspecifically consistent amino acid differences.

For Bayesian analyses, the GTR+I+G model was selected as the appropriate sub-
stitution model by the AIC criterion (Posada and Buckley 2004) in jModeltest 2.1.4 
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Figure 1. A dated phylogeny of Argiope argentata in the Caribbean, and other Argiope relatives. Shown 
are the results of tree based species delimitation analyses (GMYC method) on a BEAST phylogeny (node 
ages in million years) and the location of spiders used in this study (inset picture). Asterisk denotes 
posterior probability support >95%. The OTUs (operational taxonomic units) correspond to a cryptic 
species, Argiope butchko sp. n., from Cuba (argentataCU) and populations from other Caribbean islands 
(argentataCAR) plus mainland (argentataUS) treated as conspecific (A. argentata).

(Darriba et al. 2012). We employed a Bayesian approach to phylogenetic reconstruc-
tion implemented in MrBayes 3.1.2 (Ronquist et al. 2012). Two independent runs, 
each with four Markov chain Monte Carlo (MCMC) chains, were performed simulta-
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neously with random starting trees, and the MCMC process was run for 10,000,000 
generations, with a sampling frequency of 100 and a burn-in of the first 25% genera-
tions. We then ran BEAST (Drummond and Rambaut 2007; Drummond et al. 2012) 
for dating analyses of the mtDNA data. The BEAST run comprised 40,000,000 gen-
erations, using a lognormal relaxed clock with fixed estimated substitution rate (mean 
= 0.0112, SD = 0.001) (Bidegaray-Batista and Arnedo 2011), assuming a birth-death 
speciation model for the tree prior, with the best fit substitution models, and default 
options for all other prior and operator settings. The final consensus tree was produced 
in TreeAnnotator v1.8.0, with 25% burn-in.

To test the phylogenetic relationships from COI data, we also ran Bayesian analy-
sis with a multi-locus dataset with two nuclear markers (28S and Histone 3) and 1–2 
exemplars per species. The PCR reactions of 28S and Histone 3 followed established 
protocols for argiopine spiders (Cheng and Kuntner, 2014). The Bayesian analysis was 
performed with the GTR+I+G model identified as the best fit substitution model for 
all loci, and using all other settings as above.

To test for cryptic species in A. argentata, we used a combination of tree-based 
species delimitation methods and genetic distances. For tree-based species delimitation 
method, the General Mixed Yule-Coalescent model with single threshold (GMYC) 
(Pons et al. 2006) was applied to the BEAST tree in R 3.0.3 (R_Core_Team 2014) 
with the Splits package (http://splits.r-forge.r-project.org/). We then calculated the 
genetic distance among potential OTUs as well as within and among the two spe-
cies (with Cuban populations defined as putative species), and among all individual 
specimens. In all cases we used Kimura 2-parameter (K2P) (Kimura 1980) in Mega 
6.06 (Tamura et al. 2013). (Table 1). Genetic distances were then correlated with geo-
graphic distances, the latter estimated (in m) from latitude and longitude data using 
the Geographic Distance Matrix Generator (Ersts 2016). Regression analyses between 
genetic and geographic distances were done in JMP Pro 11 and scatter plots produced 
in Excel and then modified in Illustrator. In addition to analyses including all ingroup 
individuals, regression analyses were run separately for intraspecific and interspecific 
comparisons to test the taxonomic hypothesis of A. argentata s. l. containing a cryptic 
Cuban species. The prediction here is that a correlation between genetic and geograph-
ic distances would hold within (e.g., Hamilton and Eckert 2007; Eckert et al. 2008), 
but not between, species as these should have non-geographic barriers to gene flow.

Fst and Kxy indexes were calculated in DNAsp v5 (Librado and Rozas 2009).
Haplotype networks were constructed using median-joining networks (Bandelt 

et al. 1999) in PopART (http://popart.otago.ac.nz/index.shtml) with default settings. 
Networks were exported as graphs and then edited in Adobe Illustrator.

Adult males and females were imaged using a Visionary Digital BK Plus digital 
imaging system. Specimens arranged in hand sanitizer and covered in 95% ethanol 
were photographed at dorsal, ventral, and lateral angles. Taxonomic measurements 
were derived from photographs in Adobe Photoshop. Genitalia observations and il-
lustrations were made from photographs and by dissecting out the epigyna, digested in 
potassium hydroxide solution to remove soft tissue to make internal structures visible.
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Table1. Descriptive statistics for K2P (Kimura 2-parameter) distances within and between the molecular 
operational taxonomic units (OTUs), which were identified by molecular species delimitation methods.

Within OTUs

OTU N
K2P

Mean Std. Err
argentataCAR 74 0.009 0.002
argentataUS 3 0.018 0.004
argentataCU 10 0.006 0.001

Between OUTs

OTU 1 OTU 2
K2P

Mean Std. Err
argentataCAR argentataUS 0.029 0.006
argentataCAR argentataCU 0.061 0.010
argentataUS argentataCU 0.064 0.010

Results

A fragment of COI (659 bp) was obtained for all individuals, and with added data 
from Genbank, making up a total of 107 sequences, including outgroups and 87 in-
dividuals morphologically identified as A. argentata. 540 base pairs overlapped for all 
individuals and missing data was 5.1%. Bayesian analyses of this dataset produced a 
topology that, with some internal node exceptions, was well supported (Figs 1, Suppl. 
material 1). This tree suggests that A. argentata s.l., being sister to A. blanda, contains 
a clade from Cuba and a clade that contains all other sampled populations. The phy-
logenetic structure within the latter suggests a grade of North American, Costa Rican, 
and the island Caribbean clades (not Cuba), respectively. Only Hispaniola and Jamaica 
have monophyletic island populations, and Martinique + St. Lucia together form a 
clade, other island populations do not emerge as monophyletic. To test the relation-
ships between the major lineages suggested by mitochondrial-only results, we ran phy-
logenetic analyses of a subset of terminals with only nuclear data. The concatenated 
matrix consisted of 12 sequences (7 outgroups and 3 OTUs of A. argentata) and 1172 
base pairs (28S - 829 bp and Histone 3 - 343 bp), with 1.3% missing data. These re-
sults (Suppl. material 2) confirm the core relationships among the Caribbean, North 
American, and Cuban populations of A. argentata s. l., respectively. Thus, both nuclear 
only and mitochondrial only phylogenies recover the sister relationship of Cuba with a 
clade that contains North American mainland plus other Caribbean island representa-
tives. BEAST analyses, likewise, confirm these relationships (Suppl. material 3), the 
only significant difference being that Costa Rican and mainland American populations 
are monophyletic. Estimated node ages from BEAST, summarized in Fig. 1, date the 
mrca of A. blanda and A. argentata s.l. at roughly 6 Ma, and date the split between the 
Cuban clade and the remainder of A. argentata s.l. to about 3.8 Ma. The split between 
the mainland and Caribbean island populations of A. argentata s.s. is estimated at 1.7 
Ma, and the Caribbean island ‘diversification’ is less than 1 Ma.
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The GMYC analysis split the COI data into 11 OTUs, including eight correctly 
identified outgroup species. GMYC model provided a significantly better fit to the 
data than the null hypothesis of no structure (likelihood ratio: 27.06, P < 0.001), thus 
identifying 3 OTUs within A. argentata s. l. (Fig. 1): individuals from mainland C. 
and N. America (argentataUS), individuals from throughout most of the Caribbean 
(argentataCAR), and individuals from Cuba (argentataCU). The genetic distance test 
revealed very low K2P values within the OTUs (Table 1). In contrast, K2P values 
between the OTUs were all above 3%, but were particularly high between the Cuban 
OTU and the others (Table 1): While the Caribbean plus mainland OTUs comfort-
ably fall within the intraspecific range typical for spiders, the average genetic distances 
between the Cuban OTU and the remaining two (average around 6%) were higher 
than the typical interspecific boundary in spiders (Čandek and Kuntner 2015).

Other measures of nucleotide differences (Kxy) and gene flow (FST) likewise in-
dicate particularly high distinction and genetic isolation of these lineages (Suppl. 
material 5, 6). Genetic and geographic distances were significantly correlated across 
the ingroup specimens (Fig. 2, R2=0.14, P<0.01). However, this correlation was 
entirely due to comparisons among specimens within each of the two species de-
fined here (Fig. 2, R2=0.69, p<<0.01), whereas there was no correlation between 
genetic and geographic distances in comparison of specimens across species (Fig. 2, 
R2=0.0005, p>0.05). Thus, phylogenetic, population genetic, and species delimita-
tion analyses all agree that the Cuban population is heterospecific with the broadly 
distributed A. argentata.

Finally, haplotype analyses indicate clear phylogeographic structuring of COI hap-
lotypes despite generally shallow divergences among islands (Fig. 3), as also indicated 
by the correlation between genetic and geographic distances (Fig. 2). More isolated 
islands have unique haplotypes, while haplotypes are shared among islands like Puerto 
Rico, Mona, and the northern Lesser Antilles. The Cuban population is a clear outlier 
in the haplotype network (Fig. 3), separated from other haplotypes by numerous mu-
tations. Thus, based on all phylogenetic topologies and population genetic results we 
refer to the Cuban clade of A. argentata s. l. as A. butchko sp. n. and its sister clade as 
A. argentata s.s. (see Taxonomy for formal justification).

Discussion

Archipelagos such as the Caribbean provide opportunities for colonization followed by 
isolation, restriction of gene flow, and the formation of local endemics (Ricklefs and 
Birmingham 2008). However, the degree of endemism will depend, in part, on the 
dispersal ability of the lineages in question (e.g. Claramunt et al. 2012; Diamond et al. 
1976). We studied a spider lineage known to ‘balloon’ and thus expected to be able to 
cross oceanic barriers rather readily. We find that our sample of A. argentata s. l. from 
the Caribbean nevertheless represents several geographically structured populations 
and one highly genetically distinct lineage in Cuba (Figs 1, 3, Suppl. material 1–3). 
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Figure 2. Regression analysis between geographic and genetic distances among all specimens of A. ar-
giope s.l. included here. Blue dots and line represent within species comparisons and red dots and line 
those among the two species as here defined. Black line is regression across all data. Geographical distances 
well explain genetic distances within species, but not between the species, as expected.

The larger Caribbean islands (Cuba, Hispaniola and Jamaica), and mainland conti-
nent, have genetically isolated populations (Fig. 3) among which there is likely lim-
ited or no recent gene-flow, while there seems to be movement and gene flow among 
islands in the eastern Caribbean. As we discuss below, isolation-by-distance (Fig. 2) 
coupled with a single speciation event, may readily explain these observed patterns.

We find strong evidence for two species in our dataset, the widespread A. argentata 
and one new species, A. butchko sp. n. from Cuba. Both genetic distances (Table 1), 
phylogenies, networks, and species delimitation analyses (Figs 1, 3, and supplemen-
tary material), and analyses of genetic vs geographic distances (Fig. 2) support this 
conclusion. Specimens from the Caribbean apart from Cuba are monophyletic with 
some island-level genetic structure (Fig. 3). Representatives from both Jamaica and the 
Dominican Republic are respectively monophyletic, with both islands sampled from 
widespread localities. However, patterns in the remaining Caribbean fauna are consist-
ent with short-distance overwater dispersal, as evidenced by shared haplotypes between 
Puerto Rico and several of the Lesser Antilles east and south of it (Fig. 3). The relatively 
young age of these Caribbean lineages (3–5 my, Figs 1, S3) furthermore suggests that 
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Argiope butchko 
sp. n. 

23 mutations

Puerto Rico. Mona, and northern LA 
(Montserrat, Guadalupe, St Martin)

Cuba

Argiope argentata 

Jamaica

Hispaniola (Dominican Republic)

Southern LA 
(St Lucia, Martinique)

USA

Costa Rica

Figure 3. A haplotype network of Caribbean A. argentata and A. butchko sp. n. Haplotypes are colored 
by locality as indicated, circle size reflects number of individuals carrying that haplotype from 1-7 in total, 
open circles represent unobserved haplotypes. Hash marks indicate mutational differences among haplo-
types. Inset photograph is of a female A. butchko.
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overwater dispersal has been the mode of colonization of each of the major islands. Thus, 
consistent with well documented ballooning behavior in Argiope (Bell et al. 2005), these 
spiders seem to be quite capable of crossing oceanic barriers. However, they do not seem 
to do so frequently enough to establish panmixia across the Caribbean. Therefore, pro-
cesses of ongoing diversification result in island-specific haplotypes. That open ocean 
represents a filter rather than a barrier to dispersal is further evidenced by the strong 
correlation between geographic and genetic intraspecific distances (Fig. 2). Populations 
on nearby islands tend to be genetically close (or identical) with the greatest genetic 
distances, and splits exceeding 1.5 my, found between Caribbean island vs geographi-
cally distant mainland lineages. Such isolation-by-distance patterns are not unexpected 
when dispersal is restricted (e.g., Hamilton and Eckert 2007; Eckert et al. 2008) and 
have been found in other Caribbean taxa such as pines (Jardon-Barbolla et al. 2011). 
However, these patterns do not hold between the populations of A. butchko (Cuba) 
and the populations of A. argentata (from elsewhere). This is further evidence that A. 
butchko has undergone speciation after isolation for over 3 my (Fig. 1). The intermedi-
ate dispersal model (Agnarsson et al. 2014; Agnarsson and Kuntner 2012; Claramunt et 
al. 2012; Diamond et al. 1976) predicts that species richness across archipelagos peaks 
in intermediate dispersers but is comparatively low in excellent dispersers where oceanic 
barriers are less effective. Our findings are consistent with this model – Argiope spi-
ders are effective dispersers and unlike most arachnid lineages studied in the Caribbean 
where single island endemism is prominent (Cosgrove et al. 2016; Crews and Gillespie 
2010; Dziki et al. 2015; Esposito et al. 2015; McHugh et al. 2014) Argiope have under-
gone little diversification in the Caribbean. A similar pattern was found, for example, 
in some Selonops lineages in the Caribbean (Crews et al. 2010) and in the nephilids of 
the western Indian Ocean islands. In the latter group the excellent disperser Nephila 
showed relatively shallow intraspecific divergences among some islands but the poorer 
dispersers Nephilingis and Clitaetra have formed single island endemics (Kuntner and 
Agnarsson 2011a; b). High dispersal ability in Argiope, therefore, may have limited 
diversification in the Caribbean.

Based on this finding we examined in detail the comparative morphology of A. argen-
tata and the putative new species from Cuba, here described as A. butchko sp. n. We found 
no diagnostic differences in the morphology of male and female genitalia that would be 
consistent with the deep genetic divergence (~6.3% average sequence divergence, Table 1) 
and genetic isolation that has persisted for substantial time (Figs 1–2). Rather, variation 
seems profuse (Figs 4–5). Likewise, the Cuban species does not differ from A. argentata 
in body size measures. Hence, A. butchko sp. n. can be characterized as a morphologically 
‘cryptic’ species. Further sampling and analysis of Argiope argentata DNA and morphology 
throughout its distribution range outside the Caribbean, especially in S. America, is a logical 
next step and may reveal additional species in this complex.

We note that our main results are based on a single mitochondrial locus and thus our 
phylogeographic conclusions are restricted to the picture expected from female inherit-
ance. Nevertheless, multi-locus phylogenetic analyses support the general conclusions.
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Conclusions

Consistent with predictions of the intermediate dispersal model, our analyses of 
Argiope argentata mtDNA haplotype diversity and phylogeography across the Carib-
bean established that geographical structuring of haplotypes of this good disperser 
taxon was mostly consistent with a single widespread species model. Nevertheless, 
specimens from Cuba were deeply divergent from the remaining areas in all analy-
ses, which we take as evidence for discovery of a cryptic species here described as 
A. butchko sp. n. ‘Hidden’ taxonomic diversity in the Caribbean is being revealed 
in multiple lineages by the CarBio project (Cosgrove et al. 2016; Dziki et al. 2015; 
Esposito et al. 2015; McHugh et al. 2014) and future work aims to test taxonomic 
hypotheses in other ‘widespread’ arachnid species that range from excellent to rela-
tively poor dispersers and thus test the intermediate dispersal model at various taxo-
nomic levels.

Taxonomy

Family Araneidae Clerk, 1757
Subfamily Argiopinae Simon, 1890
Genus Argiope Audouin, 1826

Argiope butchko LeQuier & Agnarsson, sp. n.
http://zoobank.org/CF438FAF-2E27-44A4-9FF3-1DADDDA942DD

Etymology. The species epithet, a noun in apposition, honors the memory of Dennis 
Butchko, an inspiring science teacher.

Type material. Female holotype from Siboney, Santiago de Cuba (19.9608°N, 
75.7076°W), April 1, 2012, Col. Team CarBio, deposited in the Smithsonian 
(NMNH). Two female paratypes, one from the type location and one from Sierra de 
Camaguey, Camaguey, Cuba (21.5916°N, 77.7882°W). Three male paratypes, one 
from holotype location, one from Sierra de Camaguey, Camaguey, Cuba, and one 
from Viñales, Sierra de los Órganos ,Pinar del Rio, Cuba 22.6210°N, 83.7383°W. 
Paratypes will be deposited in the Smithsonian (NMNH).

Diagnosis. Argiope butchko sp. n. differs from all other Argiope except A. argentata 
by the presence of the embolic distal curl (Levi, 2004: fig. 43, arrow). No distinct 
feature of the male palp and female epigynum were found that reliably diagnose A. 
butchko sp. n. from A. argentata.

Argiope butchko sp. n. and A. argentata can be diagnosed from one another, and 
other related Argiope species, on the basis of the following unique, synapomorphic, 
mtDNA nucleotide substitutions at the following standard DNA barcode alignment 
positions in each species (following Agnarsson et al. (2015)):
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Figure 4. Female holotype Argiope butchko sp. n. a dorsal b lateral c ventral; Male paratype Argiope 
butchko sp. n. d dorsal e lateral f ventral g external epigynum h external epigynum illustration showing 
spermatheca and spiraling ducts i internal epigynum illustration dorsal m palp lateral n palp ventral; Ar-
giope argentata j external epigynum k external epigynum illustration showing spermatheca and spiraling 
ducts l internal epigynum illustration dorsal o palp lateral p palp ventral.

A. butchko: A (127), C (133), C (157) C (178), T (190), G (208), C (226), A 
(293), G (316), A (379, G (502), G (508), C (607); A. argentata: G (49), G (211), A 
(508), A (511), G (643).
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Figure 5. Comparative morphology of the male palpal organ of the widespread A. argentata and the new 
A. butchko. No clearly diagnostic features were identified in the new species, though slight differences in 
the terminal parts of the median apophysis and the embolus are observed and merit further comparative 
investigation.
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Description. Males and females of this species closely resemble Argiope argen-
tata (Fabricius 1775; Levi 1983; Levi 2004). Males have a distal curl on the embolus 
(Levi, 2004: fig. 43, arrow) and a median apophysis that is blunt at the tip (Figs 
4m, o, 5). Females of A. argentata typically have a brown sternum with a median 
white line (Levi 1968). In A. butchko sp. n. the posterior half of the sternum is white 
or off-white and the anterior half is brown with a small median white dot on the 
anterior edge (Fig. 4c). However, this feature is not clearly diagnostic as variation 
is observed in A. argentata. The epigynum of A. butchko sp. n. has a wider posterior 
plate than Caribbean A. argentata and a smaller anterior bulge (Fig. 4G–I), but 
again variation in A. argentata outside the Caribbean suggests this feature is not 
diagnostic for the species.

Dimensions (mm). Holotype (female) - Total body length excluding chelicera 
10.74, carapace length 5.00, carapace width 4.36. Leg I: femur length 8.28, patella 
and tibia length 8.63mm, metatarsus 8.00, tarsus 2.09. Leg II: patella and tibia length 
8.06. Leg III: patella and tibia length 4.66. Leg IV: patella and tibia length 7.13.

Variation (mm). Female (N=4) - Total body length ranged from 10.29–10.74, 
carapace length 3.84–5.00, carapace width 3.16–4.36. Leg I: femur length 6.50–8.28, 
patella and tibia length 6.40–8.63, metatarsus 5.77–8.00, tarsus 1.80–2.09. Leg II: 
patella and tibia length 7.83–8.06. Leg III: patella and tibia length 3.73–4.66. Leg 
IV: patella and tibia length 4.66–7.13. Male (N=3) - Total body length ranged from 
2.88–3.44, carapace length 1.70–1.88, carapace width 1.44–1.57. Leg I: femur length 
1.62–2.14, patella and tibia length 1.99–2.37, metatarsus 1.74–1.88, tarsus 0.81–
0.88. Leg II: patella and tibia length 1.41–1.90. Leg III: patella and tibia length N/A. 
Leg IV: patella and tibia length 1.40–1.63.

Distribution. The species is restricted to Cuba.
Natural history note. Three embolus tips were found embedded in the epigynum 

of a female A. butchko, one in the left opening and two in the right opening (Fig. 4g–h) 
This is similar to A. argentata, which has been known to have up to five embolic tips 
in one female (Jaeger 2012).
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Abstract
The imago stages of three species of the Hermanella complex are described mostly based on material from 
Roraima, northern Brazil: Hydrosmilodon gilliesae, Hydromastodon sallesi and Leentvaaria palpalis. Male 
imagos of Hydrosmilodon gilliesae and Leentvaaria palpalis both have a pair of large, broad projections at 
the posterior margin of the styliger plate, nearly covering the penis lobes; in L. palpalis, however, these 
projections are fused. The male imago of Hydromastodon sallesi resembles Hydrosmilodon plagatus in that 
both species have a styliger plate with a robust projection that is curved towards the penis lobes. DNA bar-
coding is likely to be a powerful investigative tool for identifying and understanding species limits among 
these Ephemeroptera taxa, especially if it is used within an integrative taxonomic context. An updated 
identification key to the genera of the Hermanella complex is proposed.
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Introduction

Since the delimitation of the Hermanella generic complex (Ephemeroptera: Leptophlebii-
dae: Atalophlebiinae) by Domínguez and Flowers (1989), significant new data have come 
to light, including the descriptions of several new taxa. The genus Hydrosmilodon Flow-
ers & Domínguez (1992) was established for the species Thraulus primanus Eaton and 
the new species H. saltensis Domínguez & Flowers. Domínguez et al. (2001) redescribed 
the nymphs of the monotypic genus Leentvaaria Demoulin, which is known only from 
nymphs, and studied the phylogenetic relationships of the genera of the Hermanella com-
plex as it was understood at the time. Thomas et al. (2004) described two new species of 
Hydrosmilodon, H. gilliesae Thomas & Péru and H. mikei Thomas & Boutonnet, based on 
nymphs from French Guiana. Later, Polegatto and Batista (2007) erected the new genus 
Hydrosmastodon for H. mikei and described a new species Hydrosmastodon sallesi Polegatto 
& Batista, also based solely on nymphs. More recently, Kluge (2007) considered Hydros-
milodon and Paramaka Savage & Domínguez, 1992 as junior synonyms of Needhamella 
Domínguez & Flowers, 1989 and placed all remaining genera as subgenera of Hermanella 
Needham & Murphy, 1924, a vision not followed by Nascimento and Salles (2013) nor 
in the present paper. Currently, therefore, the Hermanella complex is composed by the fol-
lowing taxa: Hermanella; Hydromastodon; Hydrosmilodon; Hylister Domínguez & Flowers, 
1989; Leentvaaria; Needhamella; Paramaka; and Traverella Edmunds, 1948.

While expedient on one hand, the description of new leptophlebiid taxa based 
on nymphs alone has, on the other hand, generally added more uncertainty to our 
understanding of the delimitations and relationships of taxa within this incredibly 
diverse mayfly family. As part of ongoing taxonomic and phylogenetic studies of the 
Hermanella complex, an important group of Neotropical Leptophlebiidae is examined 
here. The male imagos of Hydrosmilodon gilliesae and Hydromastodon sallesi, as well as 
the male and female imagos of Leentvaaria palpalis are described for the first time. Ad-
ditionally, the first DNA barcode sequences is reported for these species, and their use 
for stage associations is assessed as part of a combined morphological and molecular 
approach. Based on the discovery of these metamorphic stages, an updated identifica-
tion key is provided to the genera of the Hermanella complex.

Methods

Habitus images of preserved specimens were taken using a Leica M165C stereomicro-
scope with a DFC420 digital camera or a Zeiss STEMI 2000-C stereomicroscope with 
a ERC5 digital camera. In order to produce final images with enhanced depth of field, 
a series of stacked images were processed with the program Leica Application Suite 
version 3.4.1 or Helicon Focus®. Living specimens were photographed in the field, in a 
small acrylic aquarium, with a Nikon D800, a 105 mm objective and a Nikon macro 
flash. Line drawings based on photographs were made with Adobe Illustrator CC® and 
were prepared according to Coleman (2003, 2006).
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Sequence data

DNA was extracted using a Wizard SV Genomic DNA Purification System Kit (Pro-
mega®) based on the protocol for animal tissue. For imago specimens, the abdomen 
and wing were removed, and all remaining portions were placed in extraction buffer; 
for nymphs, three legs were used, and the rest of each specimen was retained as voucher 
material. A 658 base pair portion of COI was amplified for for each specimen, and PCR 
was performed in a 25-µL mixture containing: approximately 20 ng/µL DNA template, 
1X PCR buffer, a 2.0 mM concentration of MgCl2, and a 30µM concentration of each 
primer (LCO 1490 and HCO 2198) (Folmer et al. 1994), a 100µM concentration 
(each) of dATP, dCTP, dGTP, and dTTP), 1U Taq Platinum DNA Polimerase Invit-
rogen® and ultrapure water to complete 25µL. Initial PCR consisted of a preheating 
at 94°C for 5 min; 40 cycles of 94°C for 45 s, 47°C of annealing temperature for 45 s 
and 72°C for 45 s, and incubation at 72°C for 5 min. Negative controls were used that 
contained all elements of the reaction mixture except DNA. Successful bands were de-
tected on 1.5% agarose gel in 1X TAE buffer. Products were purified using ExoSAP-IT® 
for PCR Product Cleanup (GE Heathcare). All samples were sequenced by Macrogen®. 
The alignment of sequences was relatively unambiguous as all specimens were length 
invariable. Sequences were aligned and trimmed to length using Geneious R8, result-
ing in 658 characters. The basic sequence statistics including nucleotide frequencies 
and transition/transversion (Ts/Tv) ratio; variabilities in different regions of sequences 
were analyzed using Jmodeltest V0.1 (Posada 2008), DAMBE (Xia and Xie 2001) and 
DnaSP v5.0 (Librado and Rozas 2009). Pairwise numbers of nucleotide differences 
were calculated with MEGA, version 6.06 (Tamura et al. 2013), using the ‘Calculate 
distances’ option and the Kimura 2-parameter model of evolution (Kimura 1980).

Voucher material is deposited in the following institutions:

MZUESC Universidade Estadual de Santa Cruz, Ilhéus, Brazil
INPA Instituto Nacional de Pesquisa da Amazônia Manaus, Brazil
FAMU Florida A&M University, Tallahassee, Florida, USA
IBN Instituto de Biodiversidad Neotropical, Tucumán, Argentina
CZNC Coleção Zoológica Norte Capixaba, São Mateus, Brazil.

Results

Hydrosmilodon gilliesae Thomas & Péru, 2004, in Thomas et al. 2004
Figures 1, 2

Diagnosis. The male imago of Hydrosmilodon gilliesae can be distinguished from the 
other species of the genus by the following combination of characters: 1) Eyes sepa-
rated on meson of head by a short distance — less than 0.5 times width of median 
ocellus (Fig. 1a); 2) Fore wings hyaline, slightly tinged with brown at base (Fig. 2a); 
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Figure 1. Hydrosmilodon gilliesae, male imago: a dorsal view b head and thorax, lateral view c head and 
prosternum, ventral view d lateral view.

3) Coloration of abdominal segments II – IX with blackish anterior and posterior 
stripes, and variable submedial marks as in Fig. 1a, b; 4) Styliger plate with two wide 
projections that nearly cover the penis (Fig. 2d); 5) Penis lobes totally divided with 
distomedial spines converging medially (Fig. 2d).

Description of male imago (in alcohol). Lengths: body, 4.1–5.5 mm; fore wings: 
5.4-5.8 mm; hind wings: 0.7–0.9 mm.

Head (Fig. 1a, b): brown, upper portions of eyes light orange-brown, lower por-
tions blackish. Eyes separated on meson of head by short distance — less than 0.5 times 
width of median ocellus. Ocelli white surrounded with black. Antennae: light brown.
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Figure 2. Hydrosmilodon gilliesae, male imago: a fore wing b hind wing c hind wing, enlarged d genitalia, 
ventral view e genitalia, lateral view.
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Thorax (Fig. 1a, b): brownish with lighter sutures, mesoscutellum darker, and 
white spot on each anterolateral corner of posterior scutellar protuberance. Proster-
num (Fig. 1c) similar to Hydrosmilodon primanus and Hs. saltensis, but with carina 
longer and slightly wider. Pleurae yellowish and heavily washed with black. Wings 
(Fig. 2a, b, c): membrane of fore and hind wings hyaline, slightly tinged with brown 
at bases, longitudinal veins yellowish-brown, cross veins yellowish. Fork of MA asym-
metrical and fork of MP slightly asymmetrical (MP2 connected to MP1 by crossvein); 
crossvein above MA not slanted; vein ICu2 attached at base to ICu1 by crossvein. Legs: 
fore leg yellowish-brown, with apex of femur and base of tibia darker; mid and hind 
legs generally lighter.

Abdomen (Fig. 1a, d): terga light yellowish-brown, translucent on segments I–VII, 
segment I completely washed with black, segments II–IX with blackish anterior and 
posterior stripes, and variable submedial mark as in Fig. 1a; sterna translucent. Geni-
talia (Fig. 2d, e): styliger plate yellowish-brown, posterior margin blackish; two wide 
projections nearly covering penis. Forceps yellowish-brown, lightly washed with grey. 
Penis: yellowish; totally divided with distomedial spines converging medially. Caudal 
filaments: yellowish.

Material examined. Four ♂ imagos: Brazil, Mato Grosso State, Ribeirão Cascalhei-
ra, Gleba Maria Tereza, córrego “corgão”, S12°43.040, W52°03.345, 09.x.2007, light 
trap, Pinho L.C., Mateus S., Torali L. & Silva F.R. (MZUESC). Two ♂ imagos: Brazil, 
Mato Grosso State, Nova Xavantina, córrego Ponte de Pedra, 06-XII-2006, light trap, 
Mariano, R., Calor, A.R. & Mateus, S. (MZUESC). Three ♂ imagos: Brazil, São Paulo 
State, Luis Antonio, Estação Ecológica de Jataí (PEJ), córrego Beija-Flor, 03.II.2004, 
Melo A. S. & Ferro V. G. (MZUESC). One ♂ imago: Brazil, São Paulo State, Santa 
Rosa do Viterbo, Fazenda Águas Claras, 12.XI.2000, light trap, Mendes H. F. & An-
dersen T. (MZUESC). One ♂ imago: Brazil, São Paulo State, Ribeirão Preto, Rio Pardo, 
próximo Ponte velha Jardinópolis, rancho Cesar & Nê 06.IX.2008, Calor A. (MZUE-
SC). Eight ♂ imagos: Brazil, Bahia State, Lençois, Parque Nacional da Chapada Dia-
mantina, Rio Santo Antônio,12°29'579"S, 41°19'752"W, 340m, 26.X.2008, Mariano, 
R., Calor, A.R. & Mateus, S. (MZUESC). Two ♂ imagos: Brazil, Bahia State, Barreiras, 
Rio das Ondas, 15.X.2008, Mariano, R., Calor, A.R. & Mateus, S. (MZUESC). 25 ♂ 
imagos: Brazil, Pernambuco State, Petrolina, rio da Vitória, afluente do Rio São Francis-
co, 09°21'814"S, 40°35'409"W, 440m, 22.X.2008, Mariano, R., Calor, A.R. & Mateus, 
S. (MZUESC). Ten nymphs, Brazil, Roraima, Boa Vista, Rio Cauamé, 2°52'5.30"N / 
60°44'25.40"W, 76 m asl, 20.iii.2014, F.F. Salles, E. Domínguez, R. Boldrini, J. Ga-
ma-Neto col. (five nymphs CZNC, five nymphs IBN). One nymph: Brazil, Espírito 
Santo, Serra, 20°3'33"S/ W40°22'42’, 20 m asl, 05/xi/2011, F. Massariol col. (CZNC). 
One nymph: Brazil, Espírito Santo, Bom Jesus do Norte, 21°6'53"S/41°41'31"W, 
31/vii/2012, F. Massariol col. (CZNC). One nymph: Brazil, Espírito Santo, Iúna, 
20°21'06"S/41°31'58"W, 08/v/2013, F. Massariol col. (CZNC).

Comments. The wide projections of the styliger plate readily distinguish H. gil-
liesae from all other members of the complex except for Leentvaaria palpalis, but this 
latter species has the projections fused (see “Discussion” below).
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Variation in body lengths and colouration were encountered among specimens, 
with some individuals clearly darker than others. The overall shape of genitalia, how-
ever, was the same, and thus we are concluding for now that all of this material belongs 
to a single species. Unfortunately, since it could help in the identification of potential 
cryptic species, we were unable to extract and/or amplify DNA from all localities (see 
COI divergence section below).

Hydrosmilodon gilliesae was found to occur in several localities in Brazil, ranging 
from relatively close to its type-locale in French Guiana (state of Roraima), to central 
(Mato Grosso and Mato Grosso do Sul), Northeast (Pernambuco and Bahia) and 
southeast parts of the country (Espírito Santo and São Paulo) (Fig. 9).

With the description of this species, the diagnoses of the adults of the genus must 
be expanded in the following way: 1) Forks of veins MA and MP of fore wings asym-
metrical; 2) cross vein close to MA fork slanted or not; 3) vein Sc of hind wings ending 
in transverse vein near base of costal projection; 3) vein MP of hind wings unforked; 
4) costal projection of hind wings acute or rounded at apex; 5) tarsal claws of a pair 
dissimilar, one apically hooked, other blunt; 6) penis divided in apical 1/2 to totally 
divided, each lobe with median spine-like projection; 7) styliger plate with spines close 
to base of forceps or with two wide projections; 8) prosternum with short to long me-
dian carina; and 9) female sternum IX apically cleft.

Hydromastodon Polegatto & Batista, 2007
Figures 3, 4, 7

Diagnosis. The male imago of Hydromastodon can be distinguished from the other 
genera of the Hermanella complex by the following combination of characters: 1) Eyes 
meeting on meson of head (Fig. 3a); 2) Cross vein above fork of MA slanted (Fig. 4a); 
3) Fork of MA asymmetrical and fork of MP slightly asymmetrical (MP2 connected 
to MP1 by a crossvein); 4) Styliger plate with a strong dorsally curved median projec-
tion (Fig. 4d, e); 5) Penis divided, each lobe with a long spine ventromedially directed 
(Fig. 4d, e).

Description of male imago (in alcohol). Head (Fig. 3a, b): Eyes meeting on me-
son of head, lower portion of eyes slightly < ½ length of upper portion.

Thorax: Prosternum with rather wide, X-shaped median carina, with similar ante-
rior and posterior arms; similar to Needhamella, as shown by Domínguez and Flowers 
(1989: fig. 18).

Wings (Fig. 4a, b, c): Maximum width of fore wings 1/3 their maximum length; 
maximum width of hind wings about ½ their maximum length; maximum length of 
hind wings 1/6 maximum length of fore wings. Fore wings (Fig. 4a): vein Rs forked 
slightly > 1/4 distance from base of vein to margin, fork of vein MA asymmetrical and 
forked at ½ distance from base of vein to margin, cross vein above fork of MA slanted; 
fork of vein MP slightly asymmetrical and forked 1/3 distance from base of vein to 
margin; vein ICu1 attached at base to vein CuA by crossvein; vein ICu2 free basally. 
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Hind wings (Fig. 4b, c): costal projection well-developed, acute and located ½ distance 
from base to apex; vein MP unforked; apex of wings rounded; vein Sc ½ distance from 
base to wing margin, ending in crossvein; 5 cross veins present.

Legs. Ratio of segments of male forelegs, 0.6:1.0 (0.62 mm): 0.03:0.31:0.28:0.15: 
0.08. Claws on each leg dissimilar, with one apically hooked and one blunt, pad-like.

Abdomen: Genitalia (Fig. 4d, e) with segment II of forceps subequal to segment 
III; segment II of forceps 1/5 length of segment I; styliger plate with strong, dorsally 
curved, median projection. Penis divided, each lobe with long spine ventromedially 
directed. Caudal filaments broken off and lost.

Hydromastodon sallesi Polegatto & Batista, 2007
Figures 3, 4, 7a, b

Diagnosis. This is the only species of the genus known from a male imago. Therefore, 
it is impossible to ascertain at this time the characteristics that will distinguish it from 
its congeners.

Description of male imago (in alcohol). Lengths: body, 4.6–5.6 mm; fore wings: 
4.8–5.6 mm; hind wings: 0.8–0.9 mm. General coloration: light brown.

Head (Fig. 3a, b): yellowish-white, tinged with orange between ocelli; upper por-
tion of eyes orangeish, lower portion black; ocelli white, surrounded with black and 
orange. Antennae light yellow-brown.

Thorax (Fig. 3a, b): yellowish-brown, sutures lighter. Wings (Fig. 4a, b, c): mem-
branes of fore wing hyaline, base washed with light brown, veins C, Sc and R1 tinged 
with orange, remainder of veins yellowish. Hind wing hyaline. Fore leg yellowish, 
washed with brown; mid and hind legs yellowish-white.

Abdomen (Fig. 3a): Terga I–V almost completely washed with black, segments 
II–V with sublateral circular mark less pigmented; segments VI–X yellowish-brown. 
Terga II–IX washed with black as in Fig. 3a, II–VI hyaline, VII–X yellowish. Sterna 
yellowish-brown, with pleura washed with black. Genitalia: styliger plate yellowish, 
washed with brown; forceps yellowish, washed with brown, but whitish distomedially. 
Penis yellowish; spines orangeish. Caudal filaments broken off and lost.

Material examined. One reared ♂ imago: Brazil, Roraima, Boa Vista, Rio Caua-
mé, 2°52'5.30"N / 60°44'25.40"W, 76 m asl, 21.v.2014, R. Boldrini col. (CZNC); 
one ♂ imago (partially molted) and two ♂ subimagos, same data as previous, ex-
cept 03.ii.2007, J. Falcão col. (CZNC); 16 nymphs, same data as previous, except for 
20.iii.2014, F.F. Salles, E. Domínguez, R. Boldrini, J. Gama-Neto col. (11 nymphs 
CZNC and 5 nymphs IBN); ten ♂ imagos: Brazil, Rondônia, Nova Londrina, Rio 
Urupá, 11°02'05"N / 62°08'34"W, 182 m asl, 02.ix.2012, N. Hamada leg. (5 INPA, 
3 CZNC, 2 IBN).

Comments. Imagos of Hydromastodon sallesi are readily distinguished from all 
members of the complex, except for Hydrosmilodon plagatus, by the shape of the for-
ceps and by the presence of a strong and dorsally curved, medial projection at the 
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Figure 3. Hydromastodon sallesi, male imago: a dorsal view b head and thorax, lateral view.

styliger plate. Body color pattern (compare Fig. 3a herein to figs 2–4 of Lima et al. 
2012), body length (around 5 mm in Hm. sallesi, but around 10 mm in Hs. plagatus) 
and details of penis morphology are enough to separate these two taxa. Geographic 
distribution may also prove helpful with identification, as Hs. plagatus is a typical 
Atlantic Forest species that seems to be restricted to the Brazilian coast, while Hm. sal-
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Figure 4. Hydromastodon sallesi, male imago: a fore wing b hind wing c hind wing, enlarged d genitalia, 
ventral view e genitalia, lateral view.
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lesi is found in western and northern Brazil in transitional areas between the Amazon 
forest and Brazilian savannah.

Hydromastodon sallesi was described based on a few nymphs from Mato Grosso 
(Rio Pindaíba, Nova Xavantina) and Roraima (Bem Querer falls, Rio Branco, Caraca-
raí). The material examined in the present paper was collected from the states of Ro-
raima and Rondônia, the latter of which extends the known distribution of the genus 
and species to the east.

In Roraima, nymphs were predominantly captured on a small stream leading to 
Rio Branco, at the Bem Querer falls, and in Boa Vista, at the Cauamé River (Fig. 8). In 
the Cauamé River, nymphs (Fig. 7a, b) of this species were found under rocks, close to 
the river margins, and they were much less abundant than the nymphs of Leentvaaria 
palpalis (see immediately below).

Leentvaaria Demoulin, 1966
Figures 5, 6, 7c, d

Diagnosis. The male imago of Leentvaaria can be distinguished from other genera of 
the Hermanella complex by the following combination of characters: 1) Eyes separated 
on meson of head by a short distance—less than 0.5 times the width of the median 
ocellus (Fig. 5a); 2) Fork of MA asymmetrical and fork of MP slightly asymmetrical 
(Fig. 6a); 3) Crossvein above fork of MA not slanted (Fig. 6a); 4) Styliger plate en-
larged posteriorly, completely covering penis lobes in ventral view (Fig. 6d); 5) Penis 
divided, each lobe with a long spine apically curved (Fig. 6e).

Description of male imago (in alcohol). Head (Fig. 5a, b, c, e): Eyes separated on 
meson of head by short distance—less than 0.5 times width of median ocellus (Fig. 5a, 
b, c), lower portion of eyes slightly < ¼ length of upper portion.

Thorax: Prosternum with narrow, straight median carina, similar to Hermanella 
and Hylister, but with longer anterior arms, as in Fig. 5d.

Wings (Fig. 6a, b, c): Maximum width of fore wings 1/3 their maximum length; 
maximum width of hind wings about ½ their maximum length; maximum length of 
hind wings 1/5 maximum length of fore wings. Fore wings: vein Rs forked slightly > 
1/6 distance from base of vein to margin, fork of vein MA asymmetrical and forked at 
½ distance from base of vein to margin, cross vein above fork of MA not slanted; fork 
of vein MP slightly asymmetrical and forked 1/3 distance from base of vein to margin; 
vein ICu1 attached at base to vein CuA by crossvein; vein ICu2 attached at base to vein 
ICu1 by crossvein. Hind wings: costal projection well-developed, acute; located ½ dis-
tance from base to apex; vein MP unforked; apex of wings rounded; vein Sc ½ distance 
from base to wing margin, ending in crossvein; 4–6 crossveins present.

Legs. Ratio of segments in male forelegs, 0.6:1.0 (1 mm): 0.03:0.35:0.30:0.15:0.06. 
Claws of each pair dissimilar, one apically hooked and one blunt, pad-like.

Abdomen. Genitalia (Fig. 6d, e): Styliger plate: length of segment II of forceps 
subequal to length of segment III; segment II of forceps 1/9 length of segment I; styl-
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iger plate enlarged posteriorly, completely covering penis lobes in ventral view. Penis 
divided, each lobe with long spine apically curved. Caudal filaments: terminal filament 
longer than cerci.

Description of female imago (in alcohol). Lengths: body, 4.7–4.9 mm; fore wings, 
4.9–5.2 mm; hind wings, 0.8–0.9 mm.

Head: Eyes (Fig. 5e) separated on meson of head by 6 times width of lateral ocellus.
Abdomen: Ninth sternum deeply cleft apically.

Leentvaaria palpalis Demoulin, 1966
Figures 5, 6, 7c

Diagnosis. This is the only species of the genus. Therefore, it is impossible to ascertain 
at this time the characteristics that will distinguish it from its congeners.

Description of male imago (in alcohol). Lengths: body, 4.7–4.9 mm; fore wings, 
4.6–4.8 mm; hind wings, 0.8–0.9 mm.

General coloration: grayish-brown.
Head (Fig. 5a, b, c): yellowish-brown, upper portion of eyes reddish-brown, lower 

portion black; ocelli white, surrounded with black. Antennae light yellow-brown.
Thorax (Fig. 5a, b, c): brown, washed with black (faded in figures) with lighter sutures. 

Wings (Fig. 6a, b, c): membranes of fore and hind wings hyaline with base tinged with 
yellow. Base of C of both wings tinged with black basally. Longitudinal veins yellowish-
brown, cross veins yellowish. Legs: fore leg yellowish, with base of coxa washed with black. 
Femur washed with grey. Remainder of fore leg and mid & hind legs yellowish.

Abdomen (Fig. 5a, b): Tergum I blackish; terga II–VI hyaline and washed with 
black; terga VII–X yellowish and washed with black. Sterna hyaline. Genitalia: styliger 
plate yellowish washed with grey; forceps greyish-black. Penis yellowish with orange-
ish spines. Caudal filaments yellowish, washed with gray.

Description of female imago (Fig. 5e) (in alcohol). Lengths: body, 4.4–4.7 mm; 
fore wings, 4.9–5.2 mm; hind wings, 0.8–0.9 mm.

Similar to male imago, except as follows: head yellowish-orange, except central 
longitudinal line on posterior part of dorsum of head; anterior margin of head, line 
connecting ocelli and area behind lateral ocelli washed with black. Eyes black. Ninth 
sternite yellowish-white.

Material examined. Three ♂ imagos: Brazil, Mato Grosso State, Nova Xavantina, 
córrego Benedito Ferreira, 06.xii.2006, light trap, Mariano R., Calor A.R. & Mateus 
S. (MZUESC). Eleven ♂ imagos: Brazil, Mato Grosso State, Ribeirão Cascalheira, Fa-
zenda Campina Verde, Rio Suiamissu, 28-30.xii.2006, light trap, Mariano R., Calor 
A.R. & Mateus S. (MZUESC). Eleven ♂ imagos: Brazil, Mato Grosso State, Ribeirão 
Cascalheira, Fazenda Campina Verde, Rio Suiamissu, S12°48.591 W52°06.925, 
10.x.2007, light trap, Pinho L.C., Mateus S., Torati L. & Silva F.R. (MZUESC). One 
reared ♂ imago, three ♂ imagos, two ♀ imagos: Brazil, Roraima, Boa Vista, Rio Caua-
mé, 2°52'5.30 N / 60°44'25.40"W, 76 m asl, 17.iii.2014, F.F. Salles, E. Domínguez, 
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Figure 5. Leentvaaria palpalis, imagos: a dorsal view of male b lateral view of male c head and pronotum 
of male, lateral view d head and prosternum of male, ventral view e dorsal view of female.
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Figure 6. Leentvaaria palpalis, male imago: a fore wing b hind wing c hind wing, enlarged d genitalia, 
ventral view e penis, ventral view.
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Figure 7. Living specimens: a Hydromastodon sallesi, female nymph b Hydromastodon sallesi, male nymph 
c Leentvaaria palpalis, male nymph.

R. Boldrini, J. Gama-Neto col. (reared imago, one ♂ imago, one ♀ imago CZNC; 
remainder at IBN); one reared ♀ imago, six ♂ imagos: Brazil, Roraima, Boa Vista, 
Rio Cauamé, 2°52'5.30"N / 60°44'25.40"W, 76 m asl, 03.ii.2007, J.N. Falcão col. 
(CZNC); 20 nymphs, sama data as previous, except for 20.iii.2014, F.F. Salles, E. 
Domínguez, R. Boldrini, J. Gama-Neto col. (ten nymphs CZNC and ten nymphs 
IBN); one ♂ imago, one nymph: Brazil, Roraima, Bonfim, Rio Arraia, 3°21'4” N / 
59°54'13"W, 80 m asl, 21.iii.2013, J.Nascimento col. (CZNC).

Comments. This species appears to be unique, in particular reference to the devel-
opment of the labial palpi in the nymph (Domínguez et al. 2001) and the subgenital 
plate in the male imago. The wide projections of the styliger plate are fused into a sin-
gle structure (Fig. 6d), as mentioned in the discussion of Hs. gilliesae (see above), which 
readily distinguishes L. palpalis from all the other members of the complex.

Leentvaaria palpalis was originally described from Surinam, but it seems to be a 
widespread species. Recently Lima et al. (2012) reported its presence from the states of 
Espírito Santo and Pernambuco, representing the Brazilian coast and Atlantic Forest. 
In the present paper we report material from Mato Grosso and Roraima, western and 
northern Brazil, which represents the Amazon and Cerrado transition zones.

Nymphs (Fig. 7c) were found under rocks. In the case of the Cauamé River (where 
all the species treated herein were found, Fig. 8), L. palpalis is one of the most abun-
dant species of mayflies.
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Figure 8. General aspect of the Cauamé River, Roraima, Brazil.

Figure 9. Partial view of South America, with emphasis on Brazil (yellow), showing the distribution of 
the species treated herein. Dashed lines, Brazilian states limits.
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COI intra- and interspecific divergence

Genbank Accession numbers are given in Table 1. Identifications of the three mor-
phologically defined species treated herein, their metamorphic stages, and the average 
sequence distance (K2P) among haplotypes are given in Table 2. Intraspecific distances 
ranged from 1.10–1.86% (values in bold in Table 2) with an average of 1.32%. Dis-
tances between species ranged from 16.50–21.50% with an average of 18.60%.

Genetic species delimitations were highly congruent with our morphological species 
identifications and showed a high level of confidence. Sequence differences smaller than 
3% are frequently observed in intraspecific distances of DNA barcodes (Ferguson 2002; 

Table 1. Collection information for specimens analysed in this study. Specimen information includes: 
species name, voucher number, locality (ES, State of Espírito Santo; RR, State of Roraima; BR, Brazil) 
and GenBank Accession Number.

Species Voucher Locality GenBank 
Hydrosmilodon gilliesae 4014 a Serra, 20°3'33"S/ W40°22'42’, ES - BR KX831900
Hydrosmilodon gilliesae 4014 b Serra, 20°3'33"S/ W40°22'42’, ES - BR KX831901
Hydrosmilodon gilliesae 4015 a Bom Jesus do Norte, 21°6'53"S/41°41'31"W, ES - BR KX831902
Hydrosmilodon gilliesae 6100 a Iúna, 20°21'06"S/41°31'58"W, ES, BR KX831903
Hydromastodon sallesi 5607 e Boa Vista, 2°52'5"N/60°44'25"W, RR - BR KX831904
Hydromastodon sallesi 5607 h Boa Vista, 2°52'5"N/60°44'25"W, RR - BR KX831905
Hydromastodon sallesi 5607 i Boa Vista, 2°52'5"N/60°44'25"W, RR - BR KX831906
Hydromastodon sallesi 5607 k Boa Vista, 2°52'5"N/60°44'25"W, RR - BR KX831907
Hydromastodon sallesi 5607 l Boa Vista, 2°52'5"N/60°44'25"W, RR - BR KX831908
Hydromastodon sallesi 5607 n Boa Vista, 2°52'5"N/60°44'25"W, RR - BR KX831909
Leentvaaria palpalis 5761 a Bonfim, 3°21'4"N/59°545'13"W, RR - BR KX831910
Leentvaaria palpalis 6086 a Bonfim, 3°21'4"N/59°545'13"W, RR - BR KX831911

Table 2. Kimura-2-Parameter (K2P) genetic distances for COI barcodes between Ephemeroptera speci-
mens; specimens represented by voucher numbers (see Table 2). Intraspecific distances represented in 
bold. Lp, Leentvaaria palpalis; Hg, Hydrosmilodon gilliesae; and Hs, Hydromastodon sallesi.

Lp 
5761a

Lp 
6086a

Hg 
4014a

Hg 
4014b

Hg 
4015a

Hg 
6100a

Hs 
5607e

Hs 
5607h

Hs 
5607i

Hs 
5607k

Hs 
5607n

Lp 6086a 0.011
Hg 4014a 0.176 0.184
Hg 4014b 0.176 0.184 0.000    
Hg 4015a 0.173 0.180 0.003 0.003  
Hg 6100a 0.172 0.179 0.019 0.019 0.017
Hs 5607e 0.164 0.171 0.218 0.218 0.215 0.211
Hs 5607h 0.158 0.164 0.215 0.215 0.211 0.207 0.031        
Hs 5607i 0.158 0.164 0.218 0.218 0.215 0.211 0.028 0.003      
Hs 5607k 0.168 0.175 0.215 0.215 0.211 0.207 0.008 0.028 0.025    
Hs 5607l 0.158 0.164 0.218 0.218 0.215 0.211 0.028 0.003 0.000 0.025  
Hs 5607n 0.164 0.171 0.226 0.226 0.222 0.218 0.017 0.025 0.022 0.014 0.022
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Hebert et al. 2003; Hebert et al. 2004; Ball et al. 2005; Cardoni et al. 2015; Gattolliat 
et al. 2015; Angeli et al. 2016). Whereas the examined specimens of Hm. sallesi for the 
barcode analysis were from the type-locality and those of L. palpalis were from an area 
relatively close to its type-locality, the specimens of Hs. gilliesae were from southeastern 
Brazil. Genetic distance of these specimens, when compared to those found in French 
Guyana (type-locality of the species), could be high due to geographic distance (e.g. 
Webb et al. 2012).

Discussion

Since the description of Hs. gilliesae and Hs. mikei the diagnosis and consequently the 
monophyly of the genus Hydrosmilodon have been questioned (Sartori 2005). This idea 
was later confirmed when Polegatto and Batista (2007) transferred Hs. mikei to the 
new genus Hydromastodon. Lima et al. (2012) described Hydrosmilodon plagatus, which 
presented some conflicting characters with the diagnosis of the genus (see below), as 
also happened with the adult of Hs. gilliesae described for the first time in this paper.

The imago of Hs. gilliesae described here does not conform with the diagnosis of the 
male imago of Hydrosmilodon given by Flowers and Domínguez (1992) in the follow-
ing features: 1) Eyes of male separated on meson of head by a short distance—less than 
0.5 times width of median ocellus; 2) Crossvein above MA not slanted; 3) Two wide 
projections almost covering the penis; and 4) Distomedial spines of penis converging 
medially. Most of these characteristics, in fact, are also present in Leentvaaria palpalis, 
indicating that these two species are probably closely related. The only difference is that 
the styliger projections are divided in Hs. gilliesae, while they are fused in L. palpalis.

The male imago of Hydromastodon sallesi, in turn, shares some important charac-
teristics with the male imago of another recently described species of Hydrosmilodon, 
Hs. plagatus. Besides the shape and morphology of forceps segment I, which is more 
elongate than in other members of the complex (Fig. 4d), there is a medial projection 
at the posterior margin of the styliger plate, which is curved and directed towards the 
penis lobes (Fig. 4d, e).

Despite the similarities between Hs. gilliesae and L. palpalis, and between Hs. plaga-
tus and Hm. sallesi, we will follow the classification scheme of Nascimento and Salles 
(2013). When describing species and commenting on the status of the generic arrange-
ment in the Hermanella complex, Nascimento and Salles (2013) argued that no further 
classification changes should be made without a formally constructed phylogeny for the 
group. As there is a cladistic analysis in progress, we will wait to make any necessary 
changes until after formal hypotheses of relationships are presented. Also for this reason, 
no emendations to the generic diagnosis of Hydrosmilodon are presented here.

The species in the Hermanella complex group present a tendency to bear some kind 
of projections on the styliger plate. These projections can be paired, submedial and of 
different width, from narrow and pointed (as in Needhamella and some species of Her-
manella) to broad (Hydrosmilodon gilliesae), or single and medial as in Paramaka convexa 
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(Spieth), Hydromastodon sallesi and Hydrosmilodon plagatus. With the imagos described 
here, interesting questions could be raised: is the plate that completely covers the penis 
found in Leentvaaria palpalis (and also in Traverella insolita Nascimento & Salles) a 
single projection resulting from the medial fusion of the mentioned paired projections, 
of which Hs. gilliesae is an intermediate development (from narrow, to wide projections 
to totally fused)? Is the origin of the expansion of a medial projection similar to that of 
Paramaka convexa, or is there a different explanation for this character? We hope that 
these questions will be answered with the new evidence we are gathering from several 
new taxa recently collected and with the ongoing phylogenetic analysis of the group.

Updated Key to the male imagos of the Hermanella complex

1 Styliger plate without projections (Fig. 151d of Domínguez et al. 2006) ......
 ........................................................................Hylister (in part, plaumanni)

- Styliger plate with sublateral (Figs 144j, 144l, 150e of Domínguez et al. 2006) 
or medial projections (Figs 4d, 4e and 174e of Domínguez et al. 2006) ......2

2 Styliger plate with single medial projection (Fig. 4d, e and fig. 174e of 
Domínguez et al. 2006) ..............................................................................3

- Styliger plate with paired sublateral projections (Figs 2d, 6d and figs144j, l, 
150e of Domínguez et al. 2006) .................................................................5

3 Medial projection of styliger plate of various shapes, but never curved toward 
penis lobes (Fig. 174e of Domínguez et al. 2006) .........................................
 ................................................. Paramaka (convexa, pearljam, incognita)

- Medial projection of styliger plate robust, curved towards penis lobes (Fig. 
4d, e) ..........................................................................................................4

4 Length of body ca. 5 mm; costal area of fore wing hyaline ............................
 ............................................................................. Hydromastodon (sallesi)

- Length of body ca. 10 mm; costal area of fore wing brown ...........................
 ...........................................................................Hydrosmilodon (plagatus)

5 Paired projections wide, partially or almost completely covering the penis 
lobes (Figs 2d, 6d) ......................................................................................6

- Paired projections subtriangular, not covering the penis lobes (figs144j, l, 
150e of Domínguez et al. 2006) .................................................................9

6 Paired projections fused (Fig. 6d) ...............................................................7
– Paired projections separated (Fig. 2d) .........................................................8
7 Abdominal coloration contrasting, with segments II–VI translucent and seg-

ments VII–X reddish-brown (fig. 13a, b of Nascimento and Salles 2013); 
paired projections forming three small plates (fig. 14d of Nascimento and 
Salles 2013) ...................................................... Traverella (in part, insolita)

– Abdominal coloration not contrasting, segments II–X all similarly washed 
with black (Fig. 5a); paired projections forming two small plates (Fig. 6d) ...
 .................................................................................Leentvaaria (palpalis)
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8 Paired projections with small distal spines; penis lobes each with a strong 
spine-like projection, which is medially bowed and ventrally directed (fig. 35 
of Kluge 2007)....................................................Hylister (in part, chimaera)

- Paired projections without small distal spines; penis lobes each with a strong 
spine-like projection posteriorly directed (Fig. 2d) ........................................
 .................................................................Hydrosmilodon (in part, gilliesae)

9 Eyes meeting on meson of head ....................................................................
 ...Traverella (in part, bradley, calingastensis, longifrons, montium, valdemari)

– Eyes not meeting on meson of head (separated by a distance equal to 1.5 
times width of lateral ocellus) ....................................................................10

10 Projections of penis lobes broad and parallel (figs 144k, 144l of Domínguez 
et al. 2006) .............................. Hermanella (in part, amere, guttata, thelma)

- Projections of penis lobes spine-like and convergent (figs144j, m, 150e, 169e 
of Domínguez et al. 2006) ........................................................................11

11 Spine-like projection of penis lobes straight (sometimes slightly curved at 
apex) (fig. 150e of Domínguez et al. 2006, fig. 24 of Lima et al. 2012) ..... 12

- Spine-like projection of penis lobes strongly curved (Figs144j, m, 169e of 
Domínguez et al. 2006) ............................................................................14

12 Projections of styliger plate short and blunt (fig. 150e of Domínguez et al. 
2006) ....................................... Hydrosmilodon (in part, primanus, saltensis)

– Projections of styliger plate long and pointed (fig. 24 of Lima et al. 2012) ......13
13 Apex of penis lobes pointed; projections of styliger plate relatively short (fig. 24 

of Lima et al. 2012); distribution Neotropical ...Hermanella (in part, mazama)
– Apex of penis lobes somwehat truncate; projections of styliger plate relatively 

long (fig. 6 of Edmunds 1948); distribution Nearctic ...................................
 ......................................................................Traverella (in part, albertana)

14 Projections of styliger plate long; distolateral corner of penis lobe less devel-
oped than inner corner (fig. 169e of Domínguez et al. 2006); prosternum 
wide, median carina X-shaped (fig. 18 of Domínguez and Flowers 1989) .....
 .............................................................................Needhamella (ehrhardti)

– Projections of styliger plate short; distolateral corner of penis lobe more 
developed than inner corner (as in figs 144j, m of Domínguez et al. 2006); 
prosternum with narrow, straight median carina (fig. 144r of Domínguez 
et al. 2006) ..........................................................................Hermanella 
(in part, froehlichi, maculipennis, nigra) / Hylister (in part, obliquus)
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Abstract
The overabundance of large herbivores is now recognized as a serious ecological problem. However, the 
resulting ecological consequences remain poorly understood. The ecological effects of an increase in sika 
deer, Cervus nippon Temminck (Cervidae), on three insect groups of beetles was investigated: ground 
beetles (Carabidae), carrion beetles (Silphidae), and dung beetles (Scarabaeidae and Geotrupidae) on Na-
kanoshima Island, Hokkaido, northern Japan. We collected beetles on Nakanoshima Island (experimental 
site) and lakeshore areas (control site) and compared the species richness, abundance, diversity index, and 
community composition of beetles between the sites. Results showed that although both species diversity 
and abundance of carabid beetles were significantly higher at the lakeshore site, those of dung and car-
rion beetles were higher at the island site. It was additionally observed that abundance of larger carabid 
beetles was higher at the lakeshore site, whereas that of small-sized carabid beetles did not differ between 
the lakeshore and island sites. For dung beetles, abundance of smaller species was higher at the island site, 
whereas that of large species did not differ between the lakeshore and island sites. Abundance of two body 
sizes (small and large) of carrion beetles were both higher at the island site. Overall, the findings of this 
study demonstrated that an increase in deer population altered the insect assemblages at an island scale, 
suggesting further changes in ecosystem functions and services in this region.
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Introduction

The overabundance of large herbivores is now recognized as one of the serious eco-
logical issues worldwide, especially in the northern hemisphere (Gill 1992, Côté et al. 
2004, Takatsuki 2009). Indeed, there is mounting evidence demonstrating the serious 
consequences of large herbivore overabundance on forest ecosystems (Takatsuki 2009, 
Foster et al. 2014). As large herbivores selectively browse palatable species, browsing 
has negative effects on understory structure and species composition (Rooney 2009, 
Martin et al. 2011, Tanentzap et al. 2011). Large herbivores additionally alter forest 
structure (e.g. Kanda et al. 2005, White 2012) by limiting tree regeneration (Akashi 
and Nakashizuka 1999, Horsley et al. 2003), thereby inducing a cascading effect on 
animal species (Kanda et al. 2005, Bressette et al. 2012). Indeed, it has been report-
ed that smaller herbivorous invertebrates are negatively influenced by large herbivore 
overabundance because of interspecies competition for food resources (Gómez and 
González-Megías 2002, Wheatall et al. 2013). In addition, browsing results in the deg-
radation of habitat for invertebrates and birds (Stewart 2001, Allombert et al. 2005, 
Chollet and Martin 2013).

To evaluate the ecological impacts of large herbivore overabundance on ecosys-
tems, previous studies have commonly used manipulations with inclusion/exclusion 
treatments of large herbivores (Goméz and González Megías 2002, Mysterud et al. 
2010, Holt et al. 2011, Bush et al. 2012). However, these previous studies have two 
major limitations. First, as past studies investigated the effects of large herbivore over-
abundance up to 10 years (e.g. Suominen et al. 2003, Beguin et al. 2011), the effects 
on ecosystems were unlikely to be completely detected. Indeed, it is established that 
the effects of browsing by large herbivores on vegetation structure can persist for an 
extended period (Tanentzap et al. 2011, Nuttle et al. 2014). Second, to understand 
the responses of ecosystems to perturbation, it is necessary to conduct a large-scale ex-
periment (Carpenter 1998), whereas previous studies have employed relatively small-
scale experiments (e.g. Dennis et al. 1998, Gómez and González-Megías 2002; Iida et 
al. 2016). Nevertheless, field studies that employed a relatively large-scale experiment 
remain scarce, with most having been conducted in Canadian coniferous forest (e.g. 
Allombert et al. 2005, Martin et al. 2010).

Lake Toya located in western Hokkaido, northern Japan, provides an ideal study site 
to investigate the long-term impacts of deer overabundance on ecosystems (Fig. 1). On 
Nakanoshima Island (476.7 ha, hereafter, island), which is one of the islands situated 
within Lake Toya, three sika deer individuals [Cervus nippon Temminck (Cervidae)] 
were introduced approximately 50 years ago and deer density at the island has now 
reached over 50 deer/km2 (Ikeda et al. 2013). Takahashi and Kaji (2001) reported a 
significant impoverishment of understory vegetation at the island because of the rapid 
growth in the deer population (Fig. 1B), suggesting a further consequence for other ani-
mal species. In the areas around Lake Toya (hereafter, lakeshore), and at the time of the 
current study, deer density was approximately 1.1 × 10−2 deer/km2 (Akaba et al. 2014), 
which is considerably lower than the density at the island site (Fig. 1C). As the island is 
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Figure 1. The location and forest floor of the study area. A The location of Lake Toya B Forest floor of 
Nakanoshima Island C Forest floor of the lakeshore of Lake Toya. The map of Lake Toya was modified 
from the Geospatial Information Authority of Japan 2015.
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geographically isolated from lakeshore areas, the island ecosystem could be considered 
as an experimental site for examining the effects of an increase in deer population on 
natural ecosystems.

Here, we evaluated the effects of an increase in sika deer population on four tax-
onomic groups of beetles: carabid (Carabidae), carrion (Silphidae) and dung beetles 
(Scarabaeidae and Geotrupidae). These beetle groups were selected for several reasons. 
First, as these beetles inhabit the forest floor and are known to be sensitive to microcli-
matic changes (Rainio and Niemelä 2003, Arellano et al. 2005), they are likely to sharp-
ly respond to the increase in the large herbivores (Rooney 2009, Yamada and Takatsuki 
2015). Second, many beetles display species-specific ecological traits, which facilitates 
the investigation of the association between species life-history traits and their responses 
to large herbivore overabundance (Sumways 2007, Bachand et al. 2014). Third, the 
clarification of the responses of beetles to environmental changes is crucial for under-
standing the overall changes in forest ecosystems, as beetles constitute a large propor-
tion of biomass in forest ecosystems and play important roles that maintain ecosystem 
functions, such as nutrient cycling and pollination (Kevan and Baker 1983, Speight et 
al. 2008, Barton et al. 2013).

Materials and methods

Study area

Our study area is located in Western Hokkaido, northern Japan. The deer density at 
the island site (42°36'N, 140°51'E (DDM)) is dramatically higher than that at the 
lakeshore site because of artificial introduction. The mean annual temperature of this 
area is 7.3 °C and the mean monthly temperature ranges from −5.1 °C to 20.2 °C. The 
mean annual precipitation is 984.8 mm and the mean annual snow depth is 30 cm. 
The study area is situated in a deciduous forest dominated by Quercus crispula Blume 
(Fagaceae); Kalopanax septemlobus (Thunb.) Koidz. (Araliaceae); Magnolia obovata 
Thunb. (Magnoliaceae); Acer pictum Thunb. (Sapindaceae); Maackia amurensis Rupr. 
et Maxim. (Fabaceae); Tilia japonica (Miq.) Simonk. (Tiliaceae) and Ostrya japonica 
Sarg. (Betulaceae) (Kaji et al. 1991). Because of overgrazing at the island site, the 
structure of understory vegetation and the forest floor differ between the island and 
lakeshore sites (Fig. 1), with the island site dominated by Senecio cannabifolius Less. 
(Asteraceae); Sagina japonica (Sw.) Ohwi (Caryophyllaceae); Pachysandra terminalis 
Siebold et Zucc. (Buxaceae) and Chloranthus serratus (Thunb.) Roem. et Schult. (Chl-
oranthaceae), which sika deer find unpalatable (Takahashi and Kaji 2001, Miyaki and 
Kaji 2009). The forest floor of the lakeshore site is dominated by Dryopteris crassirhizo-
ma Nakai (Dryopteridaceae); Cardamine leucantha (Tausch) O.E. Schulz (Brassicace-
ae); Cephalotaxus harringtonia (Knight ex Forbes) K.Koch var. nana (Nakai) Rehder 
(Cephalotaxaceae) and Sasa senanensis (Franch. et Sav.) Rehder (Poaceae) (observed by 
authors). Although other large animals including Vulpes vulpes Linnaeus (Canidae); 
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Nyctereutes procyonoides Gray (Canidae) and Procyon lotor (Linnaeus) (Canidae) occur 
at the lakeshore site, their abundance is negligible compared to sika deer (Akaba et al. 
2014). Besides the sika deer, the island site contains no medium- or large-sized mam-
mals (Akaba et al. 2014). We established 30 sampling plots which are 100 m apart 
from each other (along a 3 km sampling transect) at each of the island and lakeshore 
sites (42°34'N, 141°54'E (DDM)).

Beetles sampling

At both sites, we sampled carabid, carrion and dung beetles using pitfall traps baited 
with cattle dung and fermented milk. Fermented milk is one of the major bates in 
collecting ground-dwelling beetles in Japan (Suttiprapan and Nakamura 2007). Pitfall 
traps were constructed using plastic containers (22.5 cm diameter and 26.6 cm deep) 
and plastic cups (8.3 cm diameter and 11.5 cm deep). Each container of fermented 
milk was buried to the rim in the ground. Plastic cups containing cattle dung were 
then hung inside the container using wires. We set plastic roofs on the traps to prevent 
interference from rain and fallen leaves. These traps were set at a density of one trap per 
plot. Surveys were conducted during early September 2012 and 2013.

Species classification

For each beetles group, the insect species collected in the field were divided into dif-
ferent size groups according to body length (see Fujita et al. 2008, Koike et al. 2014). 
Information on body size was collected from Ueno et al. (1985). Carabid and carrion 
beetles were divided into groups for small, medium or large species (small, <10 mm; 
medium, ≥10 and <20 mm and large, ≥20 mm), and dung beetles were divided into 
groups for small or large species (small, <10 mm; large, ≥10 mm). However, because 
carrion beetle species which are divided into small size group were not sampled, carrion 
beetles were divided into the medium or large size groups.

Data analyses

All analyses were performed using R ver. 3.2.1 (R core team 2015). In order to test the 
differences in abundance and species richness of each taxonomic group or body length 
between the island and lakeshore sites, we used generalized linear models (GLMs), using 
the ‘glm’ function. For GLMs, the abundance and species richness of each taxonomic 
or body size group were used by a response variable with a Poisson distribution and a 
log link function. Sampling sites were used as categorical explanatory variables (we used 
the lakeshore site as a reference). To test the difference in species diversity between two 
sites, Shannon-Wiener diversity index of each taxonomic group which were calculated 
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by using package ‘vegan’ (Oksanen et al. 2015) were also used as a response variable with 
a Gaussian (normal) distribution and an identity function. Species diversity indices of 
each functional group were not calculated and were excluded from the analysis because 
of the small sample size. Because we could not identify Synchus spp. to the species level, 
these species were excluded from the analysis of species richness and diversity. We did 
not find large carabid species in the island sites, which hinders the fitting of our data 
using GLMs. Hence, we excluded large carabid species in this analysis. Because of small 
sampling sizes, we used ‘zeroinfl’ function in the package ‘pscal’ for abundance and 
species richness of small carabid species, and medium and large carrion beetles. We 
calculated estimated abundance, species richness and Shannon-Wiener indices using the 
estimates of parameters in GLMs.

To investigate the difference in species composition between the island and lake-
shore sites, we performed a non-metric multidimensional scaling ordination (NMDS) 
using the metaMDS function with the Bray–Curtis measure within the package 
‘labdsv’ (Roberts 2015) as well as cluster analysis. The validity of clustering was evalu-
ated using the Calinski–Harabasz criterion. The indicator species value (IndVal) was 
calculated to identify species, which are indicators of assemblages of each site as illus-
trated by NMDS and cluster analysis.

Results

3,876 individuals in total were collected, comprising 824 carabid beetles (18 species), 
148 carrion beetles (four species) and 2,902 dung beetles (five species) (see Suppl. 
material 1).

Comparisons between species richness, abundance, and diversity index of insect 
species between the island and lakeshore sites were summarized in Figs 2–4 and Tables 
1–3 (see also Supplementary Tables 2–4 for the differences between estimated and 
observed values). For carabid beetles, the abundance of individuals at the lakeshore 
site was higher than that at the island site (p < 0.001; Fig. 2A; Table 1). Although the 
abundance of medium species were higher at the lakeshore site than at the island site 
(p < 0.001), that of small species did not significantly differ between the two sites (p = 
0.24; Fig. 2A; Table 1). The species richness of all carabid species (p = 0.49), small (p 
= 0.42) and medium species (p = 0.38) did not significantly differ between the island 
and lakeshore sites (Fig. 3A; Table 2). The species diversity index was higher at the 
lakeshore site than at the island site (p = 0.05; Fig. 4A; Table 3).

The abundance and species richness of carrion beetles at the island site were higher 
than those at the lakeshore site (p < 0.001; Figs 2B and 3B; Tables 1 and 2). The 
abundance of the two body size groups (medium and large species) were higher at the 
island site than at the lakeshore site (p < 0.001; Fig. 2B; Table 1). The species richness 
of the two body size groups were also higher at the island site than at the lakeshore site 
(medium: p = 0.04; large: p = 0.003). The mean species diversity index was higher at 
the island site than at the lakeshore site (p = 0.005; Fig. 4B; Table 3).
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Figure 2. Abundance of each insect taxonomic and functional group per plot at the island and lakeshore 
sites estimated by using GLMs. A Carabid B Carrion C Dung beetles. Carabid and carrion beetles were 
classified into small, medium and large species and dung beetles were classified into small and large species 
(see the main text). Asterisks indicate a significant difference (p < 0.05). 

Figure 3. Species richness of each insect taxonomic and functional group per plot at the island and 
lakeshore sites estimated by using GLMs. A Carabid B Carrion and C Dung beetles. Carabid and carrion 
beetles were classified into small, medium and large species and dung beetles were classified into small and 
large species (see the main text). Asterisks indicate a significant difference (p < 0.05).

For dung beetles, the abundance (p < 0.001) and species richness (p = 0.008) at the 
island site were higher than those at the lakeshore site (Figs 2C, 3C; Tables 1 and 2). 
Although the abundance and species richness of small species were similarly higher at 
the island site than at the lakeshore site (p < 0.001; Figs 2C, 3C; Tables 1and 2), those 
were not the case for large species (abundance: p = 0.78, species: p = 0.90; Fig. 2C, 3C; 
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Figure 4. Shannon–Wiener index of each insect taxonomic group per plot at the island and lakeshore 
sites estimated by using GLMs. A Carabid B Carrion and C Dung beetles. Asterisks indicate a significant 
difference (p < 0.05).

Tables 1 and 2). The mean species diversity index was higher at the island site than at 
the lakeshore site (p < 0.001; Fig. 4C; Table 3).

NMDS and cluster analysis identified a significant difference in species composition 
between the island and lakeshore sites (Fig. 5). In addition, according to indicator species 
analysis, indicator species were different between the island and lakeshore sites. Indicator 
species analysis showed that Caccobius jessoensis Harold; Onthophagus ater Waterhouse; 
Liatongus phanaeoides (Westwood); Copris ochus Motschulsky; Eusilpha japonica (Mots-
chulsky); Silpha perforata Gebler and Pterostichus leptis Bates had significant IndVals for 
the island site (Table 4). Conversely, Synuchus spp. Gyllenhal; Pterostichus thunbergi 
Morawitz and Leptocarabus arboreus (Lewis) had significant IndVals for the lakeshore site. 
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Table 1. Estimates of parameter differences between sites (reference = lakeshore site, i.e., coefficients of 
lakeshore site are zero), standard errors (SEs), z values, and p values in generalized linear models of each 
of taxonomic group and body size group abundance. Bold letters represent p < 0.05.

Parameters Estimates SEs z values p values
Carabid beetles

Whole species
(Intercept) 2.892 0.043 67.271 < 0.001

Island -0.596 0.072 -8.266 < 0.001

Small species
(Intercept) 0.170 0.484 0.351 0.73

Island 0.799 0.682 1.172 0.24

Medium species
(Intercept) 2.526 0.052 48.911 < 0.001

Island -0.707 0.090 -7.864 < 0.001
Carrion beetles

Whole species
(Intercept) -0.511 0.236 -2.168 0.03

Island 1.985 0.251 7.897 < 0.001

Medium species
(Intercept) -0.051 0.316 -0.160 0.88

Island 1.280 0.340 3.767 < 0.001

Large species
(Intercept) -2.226 0.736 -3.023 0.003

Island 3.536 0.745 4.758 < 0.001
Dung beetles

Whole species
(Intercept) 2.686 0.048 56.330 < 0.001

Island 1.776 0.052 34.450 < 0.001

Small species
(Intercept) 2.230 0.060 37.250 < 0.001

Island 2.165 0.063 34.260 < 0.001

Large species
(Intercept) 1.680 0.079 21.319 < 0.001

Island 0.031 0.111 0.276 0.78

Discussion

The current study demonstrated that an increase in sika deer at Lake Toya significantly 
changed both the abundance and species richness of beetle species belonging to three 
different taxonomic groups. The abundance and diversity index of carabid beetles at 
the island site were significantly lower than that at the lakeshore site (Figs 2, 4). In 
addition, we observed lower species richness and diversity indices at the island site; 
however they were not statistically significant. As carabid beetles utilize the forest floor 
as a habitat, the decline of understory vegetation because of overbrowsing is likely to 
result in the alteration of micro-climate conditions of their habitat, such as a decrease 
in humidity and an increase in light availability, and a higher mortality by predation 
(Rooney and Waller 2003, Melis et al. 2007, Cerda et al. 2015). For example, Me-
lis et al. (2007) reported that shade tolerant and hygrophilous carabid species were 
negatively affected by moose browsing as browsing resulted in a decrease of bilberry 
coverage and changed the humidity and light intensity. Although we did not measure 
vegetation and other environmental variables, a significant decline in understory cover 
has been reported at the island site (Takahashi and Kaji 2001; Fig. 1B).
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Table 2. Estimates of parameter differences between sites (reference = lakeshore site, i.e., coefficients of 
lakeshore site are zero), standard errors (SEs), z values, and p values in generalized linear models of each of 
taxonomic group and body size group species richness. Bold letters represent p < 0.05.

Parameters Estimates SEs z values p values
Carabid beetles

Whole species
(Intercept) 0.588 0.136 4.319 < 0.001

Island -0.139 0.200 -0.696 0.49

Small species
(Intercept) -2.015 0.500 -4.028 < 0.001

Island -0.693 0.866 -0.800 0.42

Medium species
(Intercept) 0.210 0.164 1.276 0.20

Island 0.196 0.222 0.882 0.38
Carrion beetles

Whole species
(Intercept) -0.836 0.277 -3.015 0.003

Island 1.149 0.318 3.609 < 0.001

Medium species
(Intercept) -1.003 0.302 -3.327 < 0.001

Island 0.738 0.367 2.012 0.04

Large species
(Intercept) -2.708 0.707 -3.830 < 0.001

Island 2.197 0.745 2.948 0.003
Dung beetles

Whole species
(Intercept) 0.758 0.125 6.061 < 0.001

Island 0.426 0.161 2.651 0.008

Small species
(Intercept) 0.154 0.169 0.912 0.36

Island 0.693 0.207 3.348 < 0.001

Large species
(Intercept) -0.034 0.186 -0.183 0.86

Island -0.035 0.265 -0.132 0.90

Table 3. Estimates of parameter differences between sites (reference = lakeshore site, i.e., coefficients of 
lakeshore site are zero), standard errors (SEs), t values, and p values in generalized linear models of each 
of taxonomic group and body size group Shannon-Wiener diversity index. Bold letters represent p < 0.05.

Parameters Estimates SEs t values p values

Carabid beetles
(Intercept) 0.841 0.105 7.995 < 0.001

Island -0.302 0.149 -2.030 0.05

Carrion beetles
(Intercept) 0.067 0.069 0.971 0.34

Island 0.285 0.097 2.935 0.005

Dung beetles
(Intercept) 0.828 0.051 16.300 < 0.001

Island 0.347 0.072 4.828 < 0.001

Conversely, carrion and dung beetles responded positively to deer overabundance, 
with abundance, species richness and the diversity index higher at the island site 
(Figs 2–4). Adult and larvae dung beetles utilize the faces of mammals as their main 
food resource (Andresen and Laurance 2007, Nichols et al. 2009). Hence, deer over-
abundance at the island site is likely to produce a greater quantity of deer faces, thereby 
facilitating a more abundant food source for dung beetles as compared to the lakeshore 
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site. Indeed, Kanda et al. (2005) reported a positive relationship between dung beetle 
abundance and deer density. In addition, as adult and larvae carrion beetles utilize 
animal carcasses as a food resource (Scott 1998, Dekeirsschieter et al. 2011), deer 
overabundance may provide greater abundance of food resources for carrion beetles. In 
support of these assertions, it has similarly been reported that a deer carcass increases 
the activity of necrophagous beetles (Melis et al. 2004).

Although small carabid species were not affected by deer overabundance, medium 
and large carabid species were negatively affected by deer overabundance (note: large 
carabid species were not sampled at the island site). This result suggests that larger 
carabid species are more sensitive to changing habitat condition than smaller species 
(Magura et al. 2006, Jelaska and Durbes˘ić 2009). Because the understory vegetation 
protects these species against extreme microclimate conditions (Ikeda et al. 2005), un-
derstory decline because of large herbivore overbrowsing results in a harsh ground floor 
environment for larger carabid species (Melis et al. 2007). Indeed, a higher susceptibil-

Table 4. The indicator species values of each species. Bold letters represent p < 0.05.

Taxa Community IndVals p values
Caccobius jessoensis Harold Scarabaeidae island 0.988 0.001
Onthophagus ater Waterhouse Scarabaeidae island 0.822 0.001
Eusilpha japonica (Motschulsky) Silphidae island 0.604 0.001
Silpha perforata Gebler Silphidae island 0.405 0.01
Pterostichus leptis Bates Carabidae island 0.375 0.001
Liatongus phanaeoides (Westwood) island 0.345 0.001
Nicrophorus quadripunctatus Kraatz Silphidae island 0.177 0.23
Copris ochus Motschulsky Scarabaeidae island 0.172 0.02
Chlaenius pallipes Gebler island 0.115 0.39
Pterostichus planicollis (Motschulsky) Carabidae island 0.103 0.11
Pterostichus yoritomus Bates Carabidae island 0.069 0.21
Pterostichus haptoderoides (Tschitscherin) Carabidae island 0.034 0.49
Chlaenius variicornis Morawitz island 0.034 0.49
Lithochlaenius noguchii (Bates) island 0.034 0.49
Pterostichus samurai (Lutshnik) Carabidae island 0.034 0.48
Hemicarabus tuberculosus (Dejean et Boisduval) island 0.034 0.48
Oiceoptoma thoracicum (Linnaeus) island 0.034 0.47
Pterostichus prolongatus Morawitz Carabidae island 0.031 0.74
Synuchus spp. Gyllenhal Carabidae lakeshore 0.827 0.001
Pterostichus thunbergi Morawitz Carabidae lakeshore 0.806 0.001
Geotrupes laevistriatus Motschulsky Geotrupidae lakeshore 0.477 0.56
Leptocarabus arboreus (Lewis) Carabidae lakeshore 0.355 0.001
Trichotichnus longitarsis Morawitz Carabidae lakeshore 0.075 0.58
Pterostichus orientalis (Motschulsky) Carabidae lakeshore 0.065 0.50
Damaster blaptoides Kollar Carabidae lakeshore 0.065 0.50
Cychrus morawitzi Gehin lakeshore 0.065 0.49
Leptocarabus opaculus (Putzeys) Carabidae lakeshore 0.032 1.00
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ity of larger species to other environmental changes, including habitat fragmentation, 
deforestation and urbanization, has been reported (Magura et al. 2006, Fujita et al. 
2008).

Although the abundance of small dung beetle species was significantly higher at 
the island site than at the lakeshore site, that of large species did not differ between the 
two sites. This result suggests that small species are likely to favor a deer abundant en-
vironment. In contrast to our results, in Japan, Koike et al. (2014) observed that small 
species did not prefer environments with higher deer density. One possible reason for 
the difference would be the difference of dung usage among study species. Koike et al. 
(2014) found that small species tended to be dwellers which simply lay their eggs into 
the dung on the ground (Camberfort and Hanski 1991). Therefore, drying because of 
sunlight exposure, which results from deer overbrowsing, negatively affects these spe-
cies. Conversely, in our study, the majority of small species were tunnelers, which are 
species burying dung under the ground before oviposition (Camberfort and Hanski 
1991). Because of dung burying, tunnelers are not influenced by the drying of the 
ground surface.

In our study, NMDS showed a difference in species composition between the 
island and lakeshore sites (Fig.  5). In addition, indicator species analysis suggested 
that whereas beetle assemblage at the lakeshore site was characterized by carabid beetle 
species, that at the island site was characterized by carrion and dung beetle species (Ta-
ble 4). These results, along with other reported findings indicate a biological homog-
enization of insect communities at the island site (McKinney and Lockwood 1999). In 
our study, large herbivore overabundance is likely to cause the homogenization of the 
beetle assemblage through the increased number of carrion and dung beetles and the 
decreased number of carabid beetles (Figs 2–4). Moreover, our findings suggest a shift 
in body size in insect communities; as the number of deer increase, insect communities 
are more likely to be dominated by smaller individuals.

Although our study brings a valuable contribution, the survey data is limited in 
its ability for generalizing the current results. Indeed, since the data used in this study 
was obtained from short term surveys with a limited number of samples (see also the 
species accumulation curves in Suppl. material 5: Figure 1), our results would provide 
only partial support for our hypotheses. Thus, further longitudinal studies must be 
needed to understand the ecological impacts of deer overabundance on insect com-
munities more comprehensively.

Conclusions

In the present study, evidence is provided that an increase in deer population altered 
species richness, abundance and diversity of beetles within three different taxonomi-
cal groups. Whether such changes affect the ecosystem functions provided by these 
beetles is unknown. Nevertheless, the observed change in compositions of the three 
taxonomic beetles groups raises the potential that ecosystem functions may be altered 
through cascading effects (Larsen et al. 2005, Rouabah et al. 2014). To conserve and 
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Figure 5. Non-metric multidimensional scaling ordination of each plot of the island and lakeshore sites. 
From I1 to I30: plots at the island site; from L1 to L30: plots at the lakeshore site. The differences of color 
and symbol represent the result of clustering.

maintain overall forest ecosystems, an investigation into the responses of other taxo-
nomic species, including birds or amphibians, to the rapid increase in deer population 
and its impacts on ecosystem functions is required.
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Abstract
Teratolytta krejciki sp. n. from Munzur range (E Turkey) and a female belonging to a possible new species 
from the eastern Pontus range (N Turkey) are described and figured. New records of T. gentilis from south-
ern Turkey are also provided. Difficulties to recognize females of this genus are discussed and a tentative 
key to the females of all species is proposed with the addition of a photographic plate.

Keywords
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Introduction

The blister beetle genus Teratolytta Semenov, 1894 was revised by Bologna and Di 
Giulio (2006) who described four new species and the first instar larva (never studied 
in this genus), synthesized the information on ecology and ethology, included a key to 
males, proposed some taxonomic changes and a classification of the genus divided in 
two sections with five groups of species. Since this study only a faunistic and ecological 
contribution on T. kulzeri from Turkey has been published (Kemal and Koçak 2011). 
Females of this genus are extremely difficult to identify if they are not associated with 
males, which is why the key of the mentioned revision was based on the males only.
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The genus is biogeographically centered in the Near and Middle East and shows 
the richest diversity in the Anatolian peninsula, where 10 out of 17 species occur. Just 
ten years after the revision of the genus a new species from eastern Turkey is described 
and a possible new species from northern Turkey is briefly discussed and figured in this 
work. These novelties increase the diversity of this genus in Anatolia.

Aims of this paper are: a) to describe and figure Teratolytta krejciki sp. n.; b) to 
briefly describe and figure a possible new species from eastern Pontus; c) to publish 
new records for T. gentilis; d) to provide a tentative key to females of the genus, en-
riched by a photographic synoptic table.

Results

Teratolytta krejciki sp. n.
http://zoobank.org/FD38A467-B10F-4582-BE20-A53200E6568C
Figs 1–3

Type material. Holotype ♂ (S. Krejcik collection), labelled “26–27.6.2009; TR; Tur-
key, Pülümür, 2–7 km NW Pülümür, T. Tichny; 1550-2100 m; Tunceli”. A second 
label specifies “Teratolytta sp. det. Stanislav Krejcik 2011-2”. The holotype lacks the 
last right protarsomere.

Type locality. “2–7 km NW Pülümür, T. Tichny; 1550–2100 m”. Pülümür is 
a small village of the Tunceli vilayet (province), in the eastern Turkey, placed at base 
of the southern slope of the Pülümür geçidi (pass), along the Munzur dağları (range). 
This locality is characterized by subtermophilic pastures and sparse woodlands.

The single specimen was collected early in the morning in a sparsely vegetated 
flood zone just north of Pülümür village. Although this locality has a very rich fauna 
of blister beetles and we collected about 30 species of meloids, other attempts to col-
lect further specimens of Teratolytta krejciki in the same area during subsequent years 
(May, June) were not successful.

Diagnosis. Large sized and slender species (22 mm) (Figs 1, 2a) belonging to the 
Section I as defined by Bologna and Di Giulio (2006). Body monochromatic metallic 
green, but legs red with metallic green coxa and black trochanter. Setation short, black 
on sides of pronotum and head, ventrally long and white. Head puncturation scattered, 
surface shiny. Sexual dimorphism not evaluable, female unknown. Male mesotibia not 
modified at apex but deeply curved on the apical half of inner side, and with micro-
tubercles on external side. Male mesotarsomere I not modified and without modified 
black setae. Male metatrochanters triangularly elongate without modified apical setae; 
pro- and mesotibiae with two apical spurs, outer metatibial spur very large; protibiae 
only slightly curved. Parameres with robust apical lobes; aedeagus with two apical 
hooks greatly distanced to each other; endophallic hook slightly curved at apex.

Description. Body (coxae included) shiny metallic green (Figs 1, 2a–b), abdomen 
metallic cupreous with posterior margin of sterna strictly black (Fig. 3a) and last two 
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Figure 1. Teratolytta krejciki sp. n., habitus, male, dorsal view.
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Figures 2. Teratolytta krejciki sp. n., male: a habitus lateral view b head, frontal view c tegmen and 
aedeagus, lateral view d tegmen and aedeagus, ventral view.

urites metallic green; maxillary palpi orange-red as well as legs, but coxae metallic green 
and trochanters black; mouthparts black, antennae subopaque black. Setation dorsally 
very short, particularly on elytra, black and slightly longer on the pronotum sides, 
genae and mouthparts. Modified setae of male last abdominal urite black. Body length 
(apex of mandibles to apex of elytra) 21.70 mm; head maximum width 3.74 mm; 
pronotum length 2.77 mm, width 3.25 mm; elytral greatest width at posterior third 
5.46 mm. Head short subtrapezoidal (Fig. 2b), distinctly wider than long, maximum 
width at temples; sides of head obliquely narrowed from base to eyes; frons transversely 
depressed before the suture, convex in the middle and slightly depressed at level of the 
posterior margin of eyes; mandibles short, robust and curved; temples convex without 
postocular depression; clypeus convex; labrum slightly depressed and slightly emar-
ginated at fore margin, with moderately deep scattered punctures, surface between 
punctures shiny; frontal suture almost straight; maxillary and labial palpomeres slen-
der; last maxillary palpomeres longer than penultimate; antennae extending to basal 
third of elytra (Fig. 1, 2a); antennomere I about twice as long as II, subequal to III; 
III–X elongate, cylindrical; III slightly longer than the following; XI 1.5 times as long 
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Figures 3. Teratolytta krejciki sp. n., male: a metasternum and metatrochanters b mesotibiae and meso-
tarsomeres.

as X, cylindrical, narrowing in the apical third; antennomeres I-III with longer black 
setae. Pronotum (Fig. 1) shortly transverse, almost hexagonal, maximal width at mid-
dle, wider than long slightly depressed longitudinally in middle, slightly depressed 
transversally along the base; pronotal punctures as on head or slightly sparser laterally. 
Scutellum wide, subquadrate, with round and slightly depressed apex. Elytra elongate, 
feebly convex, narrowly rounded at apex, with vague traces of venation, uniformly 
rugose, setation extremely short. Metasternum without tubercles (Fig. 3a). Tibiae of all 
legs with two spurs, both slender and pointed on pro- and mesotibiae (Fig. 3b); spurs 
of metatibiae robust, the inner pointed, the outer very large, subtruncate apically; male 
tibiae of all legs cylindrical, not modified at apex, with simple setation and with spini-
form and obtuse mixed tubercles on external side, mesotibiae without supplementary 
spine-like brush of setae, greatly curved on inner side in the posterior half (Fig. 3b), 
metatibiae slightly curved on inner side; male mesotarsomere not modified (Fig. 3b), 
tarsomere II not modified, with regular setae; male metatrochanters simple, triangu-
larly elongate without modified apical setae (Fig. 3a). Last visible sternite of male ab-
domen emarginated, with modified apical setae on both sides, shorter than the entire 
sternite. Parameres (Fig. 2c–d) robust and with robust apical lobes; aedeagus with two 
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apical hooks, distinctly distanced, different in shape and size, distal one smaller than 
proximal one (Fig. 2c); endophallus hook straight, acutely and shortly curved apically.

Etymology. The new species is named after Stanislav (Standa) Krejčík, an active 
Czeck entomologist and excellent photographer, very interested in blister beetles, who, 
after recognizing the novelty of this Teratolytta, kindly sent us the single specimen of 
this new species with some nice photos (Figs 1, 2, 3a).

Taxonomic remarks. According to Bologna and Di Giulio (2006) two sections are 
recognized in the genus, based on the absence (section I), or presence (section II) of two 
tubercles on metasternum, just posterior to the base of the middle legs. Teratolytta krejciki 
clearly belongs to section I due to certain male symplesiomorphic features such as lack of 
tubercles on metasternum and presence of two spurs on pro- and mesotibiae. This species is 
immediately distinct from T. gentilis group because mesotibiae and mesotarsomeres are not 
modified, and from T. pilosella group by lack of depression on males genae. It differs from 
T. klapperichi group because of the presence of two pro- and mesotibial slender spurs and 
two big aedeagal hooks, and from T. kaszabi group because of the distanced aedeagal hooks.

The new species does not shows any peculiar modification on male mesotibiae, 
mesotarsomeres, metathorax, which are present in several Teratolytta species (Bologna 
and Di Giulio 2006), a condition similar to T. carlae, but this last species greatly differs 
from T. krejciki at least because of the following features: smaller size and stout body 
shape; body colour, metallic blue or metallic green with a cupreous stripe; aedeagal 
hooks both at apex and smaller.

Teratolytta sp. A (possible new species related to T. carlae Bologna, 2006)
Fig. 4a

Material examined. 1 ♀ (M.A. Bologna collection), labelled “Turkey 12. Gümüṣhane, 
14 km N Kelkit, 6 km N Ülüpinar, 40.1533N -39.2847E, 1850–2150 m, 28.6.2013, 
M.A. Bologna, P. Rapuzzi & P. Audisio” (by pitfall traps positioned 30 days before).

This locality is placed on the southern slope of the eastern Pontus range, in a sub-
mesophilic mountain habitat, characterized by a mosaic of Quercus woodlands and 
pastures, with Crataegus and other Rosaceae in the ecotonal borders.

Diagnostic characters and comparative analysis. Middle sized species (Fig. 4a), 
length 17 mm; body integument metallic green but head, pronotum (except base, 
which is green), one very wide longitudinal stripe along each elytron, meso- and meta-
thoracic sternites and abdominal sternites metallic cupreous; clypeus, labrum, mandi-
bles and antennae black; maxillary and labial palpomeres respectively light and dark 
red-orange, last maxillary palpomere black at apex; legs red-orange, but coxae, tro-
chanters, apex of femurs and base of tibiae black.

Head transversely trapezoidal, with dense and deep punctures, slightly depressed 
in front; black elongate setae on temples. Antennae short (Fig. 4a), extending to or a 
little beyond the base of pronotum; antennomeres short, particularly V-VII. Pronotum 
transversely subexagonal (Fig. 4a), maximal width just anterior to the middle, sides 
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Figure 4. Females of the genus Teratolytta: a Teratolytta sp. A (sp. n. ?) b T. carlae c T. dives, striped 
phenotype d T. dives, unicoloured phenotype e T. eylandti f T. flavipes g T. gentilis, typical phenotype 
h T. gentilis, blue phenotype i T. kaszabi j T. klapperichi k T. monticola l T. optabilis m T. pilosella n T. 
taurica o T. vanensis. Scale bars 2 mm.

subrounded in the basal half; in the middle with a slight mid-longitudinal depression; 
punctures slightly sparser than on head. Scutellum subrectangular, rounded at apex, 
with long black setae particularly on sides. Elytra weakly convex only on the basal 
third, subrugose, with long whitish setae, denser posteriorly and on lateral margins. 
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Ventral side with dense and long whitish setation. Legs not modified; tibiae straight; all 
legs with two tibial spurs, fore and middle slender, posterior spurs spatuliform, exter-
nal spur wider; claws distinctly curved.

The single female does not correspond to any described species and possibly repre-
sents a new undescribed species. We prefer not to describe it and wait for the discovery 
of the male.

Six other species in both Section I and II have a cupreous longitudinal stripe on 
the elytra: (a) Teratolytta carlae Bologna, 2006 (Fig. 4b); T. kaszabi Kryzhanovskij, 1959 
(Fig. 4i); T. regina Kaszab, 1958; (b) T. dives (Brullé, 1832) (Fig. 4c), T. tricolor (Haag-
Rutenberg, 1880), T. vanensis Kaszab, 1968 (Fig. 4o). Species A differs from the species 
in Section II because it has a narrower cupreous elytral stripe, metallic green head and pro-
notum, distinctly longer antennae, extending to the fore third of elytra, more slender and 
elongate antennomeres V-VII. Moreover in T. dives and T. tricolor the pronotum is wider 
in front, slightly concave, not rounded with whitish setae and head and pronotum punc-
tures are bigger. Due to the more expanded black coloration of knees and black setation 
on pronotum and head, the probable new species is more similar to T. vanensis, which 
differs by its notably smaller size, narrower pronotum and distinctly longer antennae.

Comparing this new Teratolytta species with other striped species of Section I, T. 
kaszabi and T. regina, have slightly longer antennae, similar body size and both are dis-
tributed in Central Asia. Moreover, T. kaszabi has red unicolour knees and more hexago-
nal and narrower pronotum. The probable new species is similar to T. carlae in colour of 
setae on head and pronotum, colour of knees and body and the length of antennae, but 
differs by smaller size, less slender body, and slightly widened posterior portion of elytra . 
The striped form in T. carlae is a variant and other specimens are uniformly blue.

Teratolytta gentilis (Frivaldszky, 1877)
Fig. 4g–h

New records. (Eğirdir) Yukangökdere, 37.42964N, -30.49899E, Kasnak forest, win-
dow-trap 17, Hollow Quercus, 17.5.2007, N. Jonsson & M. Avci (Konya), Güneyyurt 
Km 2 SE, 1.6.2011, F, Angelini (Antalya) Akseki, 1500 m, 22.5.1997, P. Rapuzzi. All 
specimens are housed at the M. A. Bologna collection (University Roma Tre).

These new records improve the distribution of this Anatolian species in southern Turkey 
and confirm a doubtful record from Antalya province cited by Bologna and Di Giulio (2006).

Key to the females of the genus Teratolytta (see Fig. 4)

In the revision of the genus (Bologna and Di Giulio 2006), the identification key was 
provided only for males due to the difficulties in detecting distinctive characters of 
females. In the following key we tentatively distinguish the females of all species except 
T. dvoraki and T. krejciki, which are still unknown. The key is mostly based on the 
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colour of body parts, because we did not find diagnostic characters such as in males. 
In order to help with the identification of females, a colour plate (Fig. 4) of most of 
species is provided except T. dvoraki, T. krejciki, and T. regina and T. tricolor, which 
were unavailable.

1 Elytra metallic green with a longitudinal, more or less widened cupreous 
stripe ...........................................................................................................2

– Elytra unicolourous ....................................................................................8
2 Antennae distinctly extending to the basal third of elytra; cupreous stripe nar-

row (Fig. 4c, o); pronotum metallic green; middle antennomeres (V–VIII) 
slender cylindrical .......................................................................................3

– Antennae extending to the base of pronotum or only slightly beyond; cu-
preous stripe wide (Fig. 4b, i); pronotum cupreous; middle antennomeres 
(V–VIII) obtusely cylindrical ......................................................................5

3 Pronotum maximal width in the apical third, distinctly subhexagonal, sides 
slightly concave at basal half........................................................................4

– Pronotum maximal width at middle, not subhexagonal, sides slightly convex  
externally at basal half ..........................................T. vanensis Kaszab, 1968

4 Species distributed in Balkans an Anatolia ..... T. dives (Brullé, 1832) (pars)
– Species distributed in NE Iran and SW Turkmenistan .................................

 ........................................................... T. tricolor (Haag-Rutenberg, 1880)
5 Apex of femur and base of tibia uniformly red-orange ..................................

 .................................................................T. kaszabi Kryzhanovskij, 1959
– Apex of femur and base of tibia more or less extensively black ....................6
6 Antennae distinctly extending beyond the base of pronotum, antennae elon-

gate. Species distributed in Afghanistan .................. T. regina Kaszab, 1958
– Antennae short (Fig. 4a), extending to or a little beyond the base of prono-

tum, antennomeres short. Species distributed in Turkey .............................7
7 Body stout, posterior third of elytra slightly widened ....................................

 ....................................................................T. carlae Bologna, 2006 (pars)
– Body slender, the posterior third of elytra parallel .............. Teratolytta sp. A
8 Head, pronotum and elytra dark bronze ............ T. pilosella (Solsky, 1881)
– Body colour different ..................................................................................9
9 Head, pronotum and elytra dark metallic blue ..........................................10
– Head, pronotum and elytra metallic green or green-bluish, not uniformly 

dark blue ..................................................................................................12
10 Apex of femur and base of tibia uniformly red-orange ..................................

 .......................................................... T. gentilis (Frivaldszky, 1877) (pars)
– Apex of femur and base of tibia black .......................................................11
11 Head and pronotum subopaque; antennomeres III-VI short.........................

 ....................................................................T. carlae Bologna, 2006 (pars)
– Head and pronotum shiny; antennomeres III-VI elongate ............................

 ........................................................................ T. eylandti Semenow, 1894
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12 Legs black; dorsal body surface sparsely micropunctate, subopaque ..............
 ...................................................................T. optabilis (Falderman, 1832)

– Legs totally or partially red-orange; dorsal body surface with middle sized 
punctures, more or less scattered, shiny .....................................................13

13 Apex of femur and base of tibia black; pronotum transverse, subhexagonal, 
slightly wider than head at temples ................. T. monticola Bologna, 2006

– Apex of femur and base of tibia red-orange or base of tibia vaguely dark; pro-
notum variously shaped ............................................................................14

14 Pronotum not transverse, slightly narrower than head width at temples, sides 
subrounded or parallel, or slightly angulate ...............................................15

– Pronotum clearly transverse, slightly wider than head at temples, notably 
subtrapezoidal, sides distinctly angulate ....................................................18

15 Head distinctly depressed in the middle; middle antennomeres with vague 
green-blue metallic reflections. Species distributed in Afghanistan ................
 ....................................................................... T. klapperichi Kaszab, 1958

– Head not distinctly depressed in the middle; antennomeres black, subopaque, 
except for black metallic reflection of antennomere I. Species distributed in 
Turkey and Syria ......................................................................................16

16 Pronotum with sparse punctation; pronotal sides arcuate subrounded; dorsal 
surface greenish-blue; head and pronotal setae mostly black, mixed with short 
whitish setae, dorsal elytral setae black ...................T. kulzeri Kaszab, 1958

– Pronotum with dense punctuation and in some areas subrugose; pronotal 
sides subparallel or slightly angulate; dorsal surface distinctly green; head and 
pronotal setae white and long, dorsal elytral setae white ............................17

17 Hind trochanter red-orange ..................T. senilis (Abeille de Perrin, 1895)
– Hind trochanter black ..................................................................................

 ...... T. flavipes (Mulsant & Rey, 1858) and T. dives (Brullé, 1832) (pars)
18 Pronotum with sparse punctation, basal margin straight; antennomere I 

black; dorsal elytral setae sparse; mesotibiae slightly curved ...........................
 ............................................................................T. taurica Bologna, 2006

– Pronotum with dense punctuation, basal margin slightly sinuate in the mid-
dle; antennomere I with metallic violet-cupreous reflections; dorsal elytral setae 
denser; mesotibiae distinctly curved .......T. gentilis (Frivaldszky, 1877) (pars)
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Abstract
Two new species of anophthalmic ground beetles belonging to the subfamily Trechinae are described: 
Cimmeritodes (Zhecimmerites) parvus Tian & Li, sp. n. and Wanoblemus wui Tian & Fang, gen. n., sp. n. 
Both were discovered in the limestone caves of Anhui Province in eastern China. C. (Z.) parvus was found 
in caves Ziwei Dong, Xianren Dong and Qingtai Dong, whereas W. wui was discovered in cave Baiyun 
Dong. This is the first record of cavernicolous ground beetles in Anhui Province, eastern China.

Keywords
Carabid beetle, new genus, new species, troglobitic

Introduction

Trechine beetles are the most speciose group of insects in cave fauna (Moldovan 2012) 
and are distributed across every continent (Casale et al. 1998). Within the tribe Tre-
chini, the phyletic series (Jeannel 1928; Casale and Laneyrie 1982; Casale et al. 1998) 
or complex (Uéno and Pawlowski 1981) Trechoblemus appears to be among the most 
diverse groups, comprising about 300 known species belonging to 16 genera. The first 
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genus of this series described in China, Cimmeritodes, is represented by a single species 
endemic to the Hunan Province (Deuve 1996). The genera Wulongoblemus and Microbl-
emus were newly described in the Zhejiang Province (Uéno 1997), whereas the endemic 
genera Balazucellus and Sinocimmerites were described from the Hubei and Fujian Prov-
inces, respectively (Deuve 2001, 2007). More recently, Tian and Yin (2013) reported 
Sidublemus from the Hunan Province and Deuve and Tian (2015) described the new 
subgenus Zhecimmerites (Cimmeritodes) from eastern Zhejiang.

More than 600 caves are located in Anhui Province (eastern China), the majority 
of which spans both banks of the Yangtze River (Lu 2012). Unlike the karstic land-
scape characteristic of southern China provinces, the limestone landforms of Anhui 
Province are regularly distributed. Their geographic scale and relevant topographic 
features are primarily influenced by stratum’s lithology and structure, as well as by 
hydrogeological conditions (Sun et al. 2000). Despite the presence of suitable caverni-
colous environments, no trechine ground beetles have been recorded in Anhui so far 
(Tian et al. 2016).

In 2015, 11 anophthalmic trechine beetles were collected from caves in the Chao-
hu–Wuwei–Xuancheng karstic areas, as part of a series of biological surveys conducted 
in Anhui’s caves. Further studies confirmed that these beetles belonged to two taxa not 
recorded in this Province: the subgenus Zhecimmerites (genus Cimmeritodes) and the 
new genus Wanoblemus gen. n., which is proposed in this paper. This is the first report 
of cavernicolous trechine beetles in Anhui Province.

Material and methods

Specimens were collected in cave by aspiration and kept in 55% ethanol until their 
dissection and observation under a Leica S8AP0 stereomicroscope. Dissected genital 
pieces, including the median lobe and the parameres of the aedeagus, were glued onto 
small transparent plastic plates and pinned beneath the specimen to which they be-
longed. Habitus were photographed using a Keyence VHX-5000 digital microscope 
and the genital pieces were photographed using a Canon EOS 40D camera connected 
to a Zeiss AX10 microscope. Photographs were then stacked and processed using Ado-
be Photoshop CS5 software. Distribution maps were obtained in MapInfo.

Body length was measured from the apex of the right mandible (in the open posi-
tion) to the elytral apex; body width corresponded to the maximum width of the elytra.

Abbreviations of other measurements are as follows, following Tian et al. (2016):

HLm head length including mandibles, measured from the apex of the right mandi-
ble to the occipital suture;

HLl head length excluding mandibles, measured from the front of the labrum to 
the occipital suture;

HW maximum head width;
PnL pronotum length along the median line;
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PnW maximum pronotum width;
PfW pronotum width at front;
PbW pronotum width at base;
EL elytra length, from base of scutellum to elytral apex;
EW maximum width of combined elytra.

Taxonomy

Cimmeritodes (Zhecimmerites) parvus Tian & Li, sp. n.
http://zoobank.org/F0002E70-E282-4E32-8D43-90393C99344A
Figs 1–3

Material. Holotype, male, Ziwei Dong (also called Shuangjing Dong) Cave, Chaohu 
Shi, 31.6479N, 117.8632E, 83 m altitude, IV-21-2015, leg. Yunhe Wu and Wenbo 
Li, deposited in the insect collections of South China Agricultural University (SCAU), 
Guangzhou. Paratypes: one male and three females, ibid., deposited in SCAU and the 
animal collections of Anhui University (ANU), Hefei, respectively.

Additional material. One male, Cave Xianren Dong, suburbs of southern 
Chaohu Shi, 31.4633N, 117.8413E, 110 m altitude, IV-27-2015, leg. Yunhe Wu 
and Wenbo Li, deposited in SCAU; one female, Boshan Dong Cave, Xiaboshan, 38 
km SW of the main town of Wuwei County, 31.1851N, 117.5582E, 28 m altitude, 
IV-28-2015, leg. Yunhe Wu and Wenbo Li, deposited in SCAU; two males, Qingtai 
Dong Cave, Qingtaishan, NW Shijian Zhen, Wuwei County, 31.5330N, 117.0244E, 
79 m altitude, IV-22-2015, leg. Yunhe Wu and Wenbo Li, deposited in SCAU; one 
female, Boshan Dong Cave, Xiaboshan, Shushan Zhen, Wuwei County, 31.1851N, 
117.5582E, 28 m altitude, IV-28-2015, leg. Yunhe Wu and Wenbo Li, in SCAU.

Diagnosis. Small-sized, anophthalmic trechine beetles, with yellowish brown and 
stout body, short antennae and legs, fore body distinctly shorter than elytra.

Description. Length: 3.0–3.7 mm, including mandibles (or 2.8–3.5 mm, 
excluding mandibles); width: 1.0 mm. Habitus as in Fig. 1.

Small-sized trechine species. Body yellowish brown and palps, antennae, and 
tarsi pale; moderately shiny; finely pubescent though frons; vertex, ventral head, and 
prosternum glabrous; micro sculptural meshes moderately isodiametric on head, 
moderately transverse on pronotum, and strongly transverse on elytra. Mandibles 
much shorter than elytra, EL/(HLm + PnL) = 2.31, in the front part of the body

HLm/HW = 1.22, HLl/HW= 0.94, right mandible tridentate, median mandible 
reduced; labial suture absent; submentum 6-setose; mentum bisetose, without basal 
pits; tooth short, bifid at apex; palps short and stout; labial palpomere 2 longer than 3, 
which is very thin, bisetose on inner margin, with two or three additional setae at the 
subapex; palpomere 3 much more slender than 2; maxillary palpomeres 3 and 4 sub-
equal in length; ligula short and rounded at apex, 8-setose. Antennae short, extending 
to the middle of the elytra.
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Figure 1. Habitus of Cimmeritodes (Zhecimmerites) parvus Tian & Li, sp. n., female, paratype.

Pronotum transverse, PnL/PnW = 0.83, wider than the head, PnW/HW = 1.24, 
shorter than the head (including mandibles), HLm/PnL = 1.19, or as long as the head 
(excluding mandibles); disc moderately convex; pronotum widest at about 1/3 from 
the apex, fore and hind lateromarginal setae located just before the widest point and 
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Figure 2. Male genitalia of Cimmeritodes (Zhecimmerites) parvus Tian & Li, sp. n., a median lobe and 
parameres, lateral view b apical lobe, dorsal view.

the hind angle, respectively; fore angles rounded, basal angles sharp; pronotum base 
narrower than front, PfW/PbW = 1.12; front almost straight, base nearly straight me-
dially, obtusely sinuate near hind angles. Scutellum small and short.

Elytra elongate, thin, moderately convex, much longer than wide, EL/EW =1.74, 
sides ciliated, gently expanded laterally, widest near the middle, evenly narrowed to-
wards the base and the subapex; elytra base wide, shoulders rounded; disc moderately 
convex, deeply striated, apical striae well-marked, intervals slightly convex; basal pore 
present; anterior dorsal pore located on 3rd stria at about 2/9 of the base, middle pore 
on the 4th interval, a little behind the middle of the elytra; pre-apical pore located 
exactly at the end of the 4th stria, at about 1/7 of elytra apex, subequal to the apex and 
to the suture; humeral group of marginal umbilicate series equidistant, both pores of 
the middle group closely located.

Legs moderately long, covered with dense and short hairs; protarsi short, 1st 

tarsomere slightly wider than the others, as long as the 2nd and 3rd combined, 4th 
protarsomere as long as wide; 1st tarsomere as long as, or longer than 2nd – 4th tarsomere 
combined in meso- and metatarsi, respectively. Ventrites IV–VI bearing a pair of para-
median setae; ventrite VII 4-setose in female, but bisetose in male.

Male genitalia (Fig. 2): median lobe of the aedeagus well-sclerotized, small and thin, 
strongly curved ventrally in the middle, gradually narrowed towards the apex, which is 
blunt; base moderately large, sagittal aileron small and thin, inner sac provided with a 
short and very thin copulatory piece, which is about one fifth of the aedeagus in length; 
in dorsal view, apical lobe short and broad; parameres elongate and thin, subequal, each 
armed with four (right paramere) and three (left paramere) long setae at apex.
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Remarks. Similar to C. (Z.) zhejiangensis Deuve & Tian, 2015, which occurs in 
eastern Zhejiang Province, but with different male genital structures. Specifically, in 
C. (Z.) parvus, the median lobe is distinctly curved, and shorter and stouter than in C. 
(Z.) zhejiangensis.

Etymology. Indicates the small-sized body of this new species.
Distribution. China (Anhui) (Fig. 3). Xianren Dong Cave is a well-developed 

cave, approximately 450 m in length. Numerous stalactites and white peonies are 
found within the cave. Ziwei Dong Cave is a typical subterranean river cave, more 
than 3,000 m long. It is a show cave with uneven ground and numerous stalactites. 
Boshan Dong Cave is approximately 500 m long and has an uneven and complex 
tunnel. It is also a show cave, containing stone flowers and waterfalls. Qingtai Dong 
Cave is approximately 4,000 m in length, has a deep and long tunnel and a unique and 
outstanding interior. Beetle specimens were sampled from the ground surfaces of the 
caves, which were covered with litter and/or bat guano.

Figure 3. Distribution map of cave-dwelling trechines in Anhui Province A map of China, arrowhead 
showing the cave biological study area; circle localities of Cimmeritodes (Zhecimmerites) parvus Tian & Li, 
sp. n., square localities of Wanoblemus wui Tian & Fang, gen. n., sp. n.
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Wanoblemus Tian & Fang, gen. n.
http://zoobank.org/15A4B7B5-33B0-4AF9-8951-7248849F46D7

Type species. Wanoblemus wui Tian & Fang, sp. n. (Baiyun Dong Cave, Xuancheng Shi).
Generic characteristics. Medium-sized within the phyletic series (Jeannel 1928; 

Casale and Laneyrie 1982; Casale et al. 1998) or complex (Uéno and Pawlowski 1981) 
Trechoblemus; anophthalmic beetles; body and appendages fairly thin and elongate; head 
subquadrate, longer (excluding mandibles) than wide, and longer than pronotum; fron-
tal furrows complete, two pairs of supra-orbital and one pair of suborbital pores present; 
right mandible bidentate; labial suture completely absent, resulting in fused mentum 
and submentum; mentum bisetose, base strongly concave, tooth simple and short, blunt 
at apex; submentum 10-setose; antennae fairly long, nearly reaching the middle of the 
elytra; pronotum subcordate, slightly shorter than wide, widest near the front, about 1/5 
of the apex, with two pairs of lateromarginal setae; lateral margin of the pronotum just 
before the hind angles nearly parallel, hind angles rectangular and sharp, the base nearly 
straight; elytra elongate, much longer (including mandibles) than the fore body, widest 
near the middle, surface moderately convex, shoulders distinct and angularly rounded 
where finely subserrate; lateral margins ciliated throughout; striae obliterated in stria 1, 
partly traceable in striae 2 and 3; two dorsal and the pre-apical pores present on each 
elytron; humeral group of marginal umbilicate pores irregular; protibia with external 
longitudinal groove; in males, protarsomeres 1 and 2 modified, distinctly denticulate 
inward, at the apex; ventrite VII with two pairs of setae in females and one pair of setae 
in males; male genitalia short and stout, strongly curved.

Discussion. Wanoblemus is not clearly related to any trechine genus associated 
with the Trechoblemus phyletic series described in China. It is probably closest to the 
Zhejiangese genus Wulongoblemus Uéno, 2006, as both have a similar pronotum and 
modified protarsomeres 1 and 2 in males. However, Wanoblemus differs from Wulon-
goblemus in the following characteristics: (1) right mandible bidentate in Wanoblemus 
but tridentate in Wulongoblemus; (2) elytra not serrate in the shoulders, less convex and 
narrower in Wanoblemus than in Wulongoblemus; (3) Wanoblemus is smaller than Wu-
longoblemus; (4) in Wanoblemus the pronotum is covered with fairly long pubescence, 
hind angles are right, postangular carinae are indistinct, and the lateral margin before 
hind angles is straight and nearly parallel, whereas in Wulongoblemus the pronotum is 
glabrous, hind angles are sharp, postangular carinae are distinct, and the lateral margin 
before hind angles is strongly sinuate, not parallel.

Wanoblemus might also be closely related to the subgenus Zhecimmerites (genus 
Cimmeritodes), although differing from the latter in the following key characteristics: 
(1) members of Wanoblemus are larger, and their body and appendages are more elon-
gated than that of members of the genus Cimmeritodes; (2) the right mandible is bi-
dentate in Wanoblemus and tridentate in Cimmeritodes; (3) in male Wanoblemus pro-
tarsomeres 1 and 2 are modified whereas in male Cimmeritodes only protarsomere 1 is 
modified; (4) Wanoblemus pronotum is as long as wide, with right hind angles whereas 
Cimmeritodes pronotum is transverse, with acute hind angles.
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A number of characteristics also differ between Wanoblemus and the Zhejiangese 
genus Microblemus Uéno, 2007: (1) head quadrate in Wanoblemus, but not quadrate in 
Microblemus; (2) right mandible bisetose in Wanoblemus and 3-setose in Microblemus; 
(3) mentum and submentum completely fused in Wanoblemus and only partly fused, 
with labial suture traceable, in Microblemus ; (4) base of pronotum nearly straight in 
Wanoblemus, with right hind angles, and distinctly emarginated at the median section, 
with obtuse hind angles, in Microblemus; (5) elytra shoulders not dentate in Wanobl-
emus but remarkably dentate in Microblemus.

Wanoblemus is also easily separated from Sidublemus Tian & Yin, 2013, which 
is found in the southeast of the Hunan Province. In both genera, males protarsi are 
modified in joints 1 and 2, but: (1) Wanoblemus body is larger and more elongated, 
with slender appendages than Sidublemus body, which is small but stout, with short 
appendages; (2) right mandible bidentate in Wanoblemus and tridentate in Sidublemus; 
(3) simple hind angle in Wanoblemus and dentate in Sidublemus.

Wanoblemus is clearly distinct from the genus Sinocimmerites due to its elongate 
body, long and thin appendages, completely fused mentum and submentum, simple 
head tooth, longitudinally furrowed protibia, and stout and short aedeagus.

The endogean genus Balazucellus, which was recorded from Shennongjia, western 
Hubei Province, also differs from Wanoblemus. Among other features, Balazucellus body 
is smaller and stouter than Wanoblemus, the right mandible is tridentate (bidentate in 
Wanoblemus), and the antennae are moniliform (filiform in Wanoblemus).

Etymology. Indicates these beetles occur in Anhui Province; “Wan” is the short 
name for Anhui Province in Chinese.

Genus distribution range. China (Anhui) (Fig. 3).

Wanoblemus wui Tian & Fang, sp. n.
http://zoobank.org/5C9EF8D0-0D00-4C8B-880F-AC7685908D80

Material. Holotype: male, Baiyun Dong Cave, Huayang Xiang, Xuancheng, 
30.3737N, 118.4457E, 300 m altitude, X-25-2015, leg. Yunhe Wu and Wenbo Li, 
deposited in SCAU. Paratypes: one male and one female, ibid., deposited in SCAU 
and ANU, respectively.

Diagnosis. Medium-sized Trechoblemus beetles, with brownish, sparsely pubescent 
and elongated body, and rather short and stout appendages.

Description. Length: 3.9–4.0 mm, including mandibles (3.5–3.6 mm, excluding 
mandibles); width: 1.0–1.1 mm. Habitus as in Fig. 4.

Body brownish, palps and tarsi pale; surface sparsely pubescent, setae on pronotum 
longer on the underside of head, prosternum and propleura glabrous; legs densely pu-
bescent, covered with long setae; micro sculptural engraved meshes nearly isodiametric, 
although irregular on head and pronotum moderately transverse on elytra, meshes well 
marked on head, but absent on elytra.
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Figure 4. Habitus of Wanoblemus wui Tian & Fang, gen. n., sp. n., male, holotype.

Head subquadrate, longer than wide, HLm/HW = 1.5, HLl/HW = 1.4; front 
and vertex moderately convex; frontal furrows fairly long and complete, nearly paral-
lel medially; genae slightly expanded laterally; anterior supraorbital pores located in 
the middle of genae, sub-equidistant to lateral margin of genae and to posterior pore; 
clypeus 4-setose, labrum transverse, nearly straight in the front margin, 6-setose; man-
dibles distinctly curved at apex; ligula short, adnated with paraglossae, 6-setose at apex; 
palps short, penultimate joints much stouter than apical joints; labial palpomere 2 as 
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Figure 5. Male genitalia of Wanoblemus wui Tian & Fang, gen. n., sp. n. a median lobe and parameres, 
lateral view b apical lobe, dorsal view.

long as labial palpomere 3, bisetose on inner margin, with two or three additional setae 
at the outer margin of the subapex; maxillary palpomeres 3 and 4 subequal in length; 
suborbital pores located on ventral side of genae; antennomeres subequal in length, 
except for antennomere 11, which is longer than the others.

Pronotum slightly transverse, PnL/PnW = 0.97, shorter than head, PnL/HLm = 
0.76, slightly wider than head, PnW/HW = 1.19, lateral margin finely beaded, ante-
rior lateromarginal pores located at about 1/5 of the apex; posterior lateromarginal 
pores just before hind angles; base narrower than front, PbW/PfW = 0.87, both nearly 
straight and unbeaded; frontal impression faint, basal transverse sulcus well-marked; 
disc strongly convex; scutellum small and short.

Elytra elongate, distinctly longer than fore body, EL/(HLm + PnL) = 1.27, EL/
(HLl + PnL) = 1.5, much longer than wide, EL/EW = 1.77; elytra much wider than 
pronotum, EW/PnW = 1.53; base not bordered; disc moderately convex but fairly 
depressed near the base; basal pores on either side of scutellum, apical stria absent; 
anterior and posterior dorsal pores located on stria 3, at about 2/7 and 4/7 from the 
base of the elytra, respectively; pre-apical pores at about 1/8 of the apex of the elytra, 
closer to the suture than to the elytra margin; pores 1 and 2 of the marginal umbilicate 
series close to marginal gutter, pore 2 closer to pore 1 than to pore 3; pores 5 and 6 of 
middle group closely located; pore 10 near apical margin.

Legs moderately long, densely pubescent; protarsi short, tarsomere 1 shorter than 
tarsomeres 2 and 3 combined, tarsomeres 3 and 4 as long as wide; tarsomere 1 sub-
equal to, or longer than, tarsomeres 2 to 4 combined in meso- and metatarsi; each 
abdominal ventrite IV–VI bearing a pair of paramedian setae.
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Male genitalia (Fig. 5): Median lobe of the aedeagus well-sclerotized, small but 
stout, strongly curved ventrally in the middle part, blunt at the apex; base fairly large, 
sagittal aileron very small and hyaline, inner sac with a large and thick copulatory 
piece, which is covered with scales, almost 1/3 the length of the aedeagus; in dorsal 
view, apical lobe short and broad; parameres elongate, right paramere longer than left 
paramere, each armed with three long setae at apex.

Etymology. In honor of Yunhe Wu (College of Life Science, Anhui University, 
Hefei), an active collector of cave insects.

Distribution. China (Anhui Province). Collected from a single limestone cave in 
Xuancheng Shi (Fig. 3). Baiyun Dong cave is approximately 1,000 m long and has a 
total area of about 20,000 m2. This show cave contains many impressive stalactites. 
Beetle specimens were sampled from the ground surface, in a dark zone covered with 
abundant litter and bat guano.
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Abstract
Seventeen species of Strongylophthalmyia are recognized in the fauna of Vietnam, including eight new 
species: S. annulipes sp. n., S. basisterna sp. n., S. dichroa sp. n., S. gavryushini sp. n., S. obtecta sp. n., S. 
orchidanthae sp. n., S. stricta sp. n., S. tomentosa sp. n. Strongylophthalmyia angusticollis Frey, S. fascipennis 
Frey, S. metatarsata Meijere, S. splendida Yang & Wang, and S. thaii Papp are recorded for the first time 
from Vietnam. The male of S. splendida and female of S. thaii are described for the first time. A key to 
34 species of Strongylophthalmyia of the fauna of Vietnam and continental southeast Asia, including the 
Oriental southern region of China is provided.

Keywords
Dipterous fauna, new species, Strongylophthalmyia, Strongylophthalmyiidae, systematics, Vietnam

Introduction

The Strongylophthalmyiidae is a small family of acalyptrate Diptera containing two 
genera, Strongylophthalmyia Heller, 1902 and Nartshukia Shatalkin, 1993. The ge-
nus Nartshukia is known only by the single female specimen of Nartshukia musiva 
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Shatalkin, 1993 from Vietnam. The genus Strongylophthalmyia includes 54 species to 
date, occurring in the Nearctic (two species), Palaearctic (eight species), Oriental (40 
species) and Australasian (9 species) regions (Iwasa and Evenhuis 2014). Two species 
described from Madagascar by Verbeke (1963, 1968) were transferred to Clusiidae by 
Barraclough (2000). As our studies show, the Vietnamese fauna of the genus includes 
17 species. Eight of them are described in this paper as new, and five of them are re-
ported for Vietnam for the first time.

Materials and methods

This study is part of an ongoing series of studies on the Vietnamese cyclorrhaphous 
fauna. A key is composed for species from Vietnam, Burma, Oriental southern Region 
of China and Thailand; the genus has not yet been recorded from Laos or Cambodia. 
The specimens of new species of Strongylophthalmyia described in this paper are rare 
in our collection, and the colouration of the abdomen is important for determination; 
hence, genitalic characters are not explored in the descriptions of new species.

Types of the new species are deposited in the collection of Zoological Museum of 
Moscow University (ZMUM).

In the key and descriptions of species, morphological terminology, abbreviations 
of wing veins, and wing cells, are after Cumming and Wood (2009). Measurements 
are given in millimetres. Labels of specimens are quoted verbatim. Frontal index = the 
ratio between height of the frons from its anterior margin to hind ocelli and from hind 
ocelli to vertex or vti.

Results

The genus Strongylophthalmyia includes strikingly elegant flies with elongated bodies 
and slender legs. These flies have body lengths from 2.3 mm to 7.5 mm (the smallest is 
S. palpalis Papp, 2006 the largest is S. gigantica Iwasa & Evenhuis, 2014).

Head (Figure 1a) is spherical or extended in profile (extended in S. splendida Yang 
& Wang, 1996); the gena is narrow; the facial sclerotization is interrupted by mem-
brane medially; and the ocellar tubercle is moved forward and is often situated in the 
middle of the frons. Females often have a large bulbous clypeus, but it is smaller and 
band-like in males. First flagellomere is short, rounded.

Several species of this genus have sexual dimorphism in the antennal structure. The 
males of some Strongylophthalmyia differ in developing of the dorsal process of the first 
flagellomere (Figure 10d, e).

The arista is usually bare, but several Oriental species have small setulae on the 
arista. Males of some of these species groups have modified palpi, which can be yel-
low (compared to the black female palpus), bilobate and with black scales or thick 
setulae. Chaetotaxy of head: 2–3 orbital setae, usually with three hair-like small frontal 
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setae, one ocellar seta, one inner vertical seta and one outer vertical seta (absent in S. 
splendida), one postocellar seta, one paravertical seta (absent in some species), vibrissa 
absent.

Thorax is coloured from yellow (Figure 6) to black (Figure 2b). Several species are 
characterised by a black thorax, and a postpronotum and propleuron and often basis-
ternum that are entirely or partly yellow. Several species are black with a pair of reddish 
yellow spots (in females) or one large spot (in males) on the basisternum between the 
fore coxae (Figure 2e). Finally, two species, described in this paper as new, Strongyloph-
thalmyia obtecta sp. n. (Figure 5a,b) and Strongylophthalmyia stricta sp. n. (Figure 7a), 
are black with brownish or yellowish spots on the postpronotum (laterally), and with 
yellowish spots around the fore spiracles. These two species may be related to Stron-
gylophthalmyia papuana Iwasa & Evenhuis, 2014 and Strongylophthalmyia gigantica 
Iwasa & Evenhuis, 2014, both from Papua New Guinea, because these four species 
are characterized by predominantly black legs. Since the black colouration of legs can 
fade in preserved specimens, these species appear in multiple parts of the key. The me-
sonotum is covered with yellowish setulae or it is bare with black setae located in rows.

Chaetotaxy of thorax: 1 anepisternal seta, 2 notopleural setae (one notopleural seta 
in Nearctic S. pengellyi Barber, 2006), 1 supraalar seta, 1 postalar seta, 1–2 dorsocen-
tral setae, 1 apical scutellar seta. Postpronotum usually with some setulae, rarely with 
long setae. Strongylophthalmyia splendida has a strong black seta in the anterior part 
of the mesonotum, near the postpronotum (Figure 9b: marked by arrow), which we 
consider as sublateral (Hennig 1973: 184, Figure 109).

Legs are slender, usually bare. Hind legs of males of some species bear small papil-
lae, having one papilla on trochanter and two papillae on femur (these papillate protu-
berances are variable; some species with only on femur, others on both trochanter and 
femur, some with just one, others up to three, some bare, others with long stiff setae), 
being bubble-like basally and conical (with yellow or black setulae) subbasally. Male 
fore femur sometimes with short stout spines dorsally (Figure 4a).

Wings have a distinct costal break just before merging of costa and subcosta. The 
subcosta is incomplete, not quite reaching the wing margin (Figure 1a). Transverse 
vein CuA2 forms distal border of anal cell, convex. Veins R4+5 and M1 are parallel or 
slightly converging in apical third. Vein A1+CuA2 is distinctly bent, not reaching wing 
margin. Wing is transparent, wholly infuscated, with brownish apical spot or with 
cross-band on dm-cu and short cross-band anteriorly level of Rs. Greater ampulla is 
absent. Halter is coloured from whitish to yellow, rarely with blackish-grey knob.

Abdomen is slender, black, sometimes yellow, its colour patterns in some cases (S. 
trifasciata Hennig, 1940) differs in females and males.

The structure of male genitalia are known only for several species of Strongyloph-
thalmyia (not for Nartshukia). Epandrium without surstyli (some authors (Iwasa 1998; 
Iwasa and Evenhuis 2014) consider that surstyli are completely fused with epandrium). 
However, genitalia of species of S. crinita group have appendages similar to surstyli and 
attributed to this type of lobe (Shatalkin 1995). The hypandrium is well-developed, 
bearing two pairs of lobes. The origin of these lobes remains unclear (Steyskal 1987, 
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Shatalkin 1995, Iwasa 1998, Barber 2006, Lonsdale 2013, Iwasa and Evenhuis 2014). 
Phallus and phallapodeme are very long; however, several exceptions are known. The 
male of S. verrucifera Shatalkin, 1996 is characterized by a short apodeme of the ae-
deagus; on the contrary, males of S. paula Shatalkin, 1993 have truncated aedeagus.

Female terminalia have ovipositor quite elongate, slender, with unsclerotized 
cerci. One or two (in S. pengellyi) spermathecae present (Iwasa 1998, Barber 2006). 
Tergite and sternite 7 are fused into syntergosternite.

Ecology. Adult flies can be found on leaves of bushes and trees, on stumps, and 
fallen logs. Larvae of some Holarctic species are characterised by biramous anterior 
spiracles, and live under the bark of rotting logs of aspen (S. ustulata (Zetterstedt, 
1847), S. pictipes Frey, 1935, S. angustipennis Melander, 1920, S. pengellyi) and under 
bark of rotting logs of birch and elm (S. stackelbergi Krivosheina, 1981) (Krivosheina 
1981, Barber 2006).

Notes. Neal L. Evenhuis in his review kindly noted that there is apparently a 
serious mistake in Yang and Wang (1998) with regard to the description and wing 
illustrations of S. splendida and S. yaoshana. The descriptions of the wing are either 
switched or the illustrations are switched. Strongylophthalmyia splendida is described 
as having a hyaline wing, yet the illustration claearly slows bands; whereas S. yaoshana 
is described as having a banded wing, yet the illustration clearly shows it to have a 
hyaline one. As the holotypes of each species are lost (Wang Xin li, pers. comm.; also 
N.L. Evenhuis could not find them during Wang’s and my search for them when N.L. 
Evenhuis was in Beijing in 2014; only a paratype of S. bifasciata could be found) there 
is no definitive way to determine which species is which.

Key to species of genus Strongylophthalmyia from Vietnam and neighbouring 
countries (Burma, China, and Thailand)

1 Mesonotum yellow, usually with pair of brown longitudinal stripes, in one 
case these longitudinal stripes converging before suture ..............................2

– Mesonotum black, sometimes yellow in anterior part to suture ...................5
2 Mesonotum with black arcuate concave spot anteromedially; mesonotum with 

pair of narrow black longitudinal stripes behind suture, these stripes continue 
onto scutellum. Pedicel black. Body length 4.3. Vietnam (Figure 6) .................
 ......................................................Strongylophthalmyia orchidanthae sp. n.

– Mesonotum at most with pair of brown longitudinal stripes. Pedicel yellow .... 3
3 Abdomen entirely yellow. Head yellow, except ocellar tubercle. Male: first 

flagellomere dorsally without very short conical process anterior to base of 
arista; fore femur without spines .................................................................4

– Abdomen black, at most yellow at base. Head partly yellow; frons black, yel-
low or grey in anterior fourth (female), yellow in anterior third (male). Male: 
first flagellomere dorsally with very short conical process anterior to base of 
arista; fore femur without spines. Body length 2.3–3.0. Thailand..................
 ................................................. Strongylophthalmyia palpalis Papp, 2006
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4 Wing with well-developed apical spot and with crossband on dm-cu vein. 
Mesonotum with pair of weak brownish stripes on each side posteriorly from 
dorsocentral setae. Body length 3.5–4.7. Thailand ........................................
 ........................................Strongylophthalmyia dorsocentralis Papp, 2006

– Wing with poorly developed greyish spots. Mesonotum with pair of weak 
brownish stripes from suture to scutellum. Body length 4.7. Indonesia (Java), 
Thailand ................................. Strongylophthalmyia lutea (Meijere, 1914)

5 Mesonotum black in posterior part behind suture; yellow in anterior part, 
sometimes with brown median strip, going from anterior margin of mesono-
tum. Body length 3.7–5.0. Burma, Vietnam .................................................
 .......................................... Strongylophthalmyia elegantissima Frey, 1956

– Mesonotum entirely black ..........................................................................6
6 Postpronotum, propleuron and often basisternum entirely or partly yellow or 

yellowish-brown ..........................................................................................7
– Postpronotum and propleuron totally black ..............................................19
7 Wing transparent or with pale brownish apical spot ....................................8
– Wing with well-expressed brown cross-band on dm-cu vein and with apical 

spot ...........................................................................................................12
8 Frons completely black. Veins R4+5 and M1+2 straight and parallel, not conver-

gent apically ................................................................................................9
– Frons partly yellow. Apical part of vein M1+2 strongly curved in direction of 

vein R4+5....................................................................................................11
9 Abdomen entirely black. Anepisternum without tuft of silvery setulae medi-

ally. Legs yellow, mid and hind femora widely darkened. Male fore femur 
without dorsal row of black spines and with thick medioventral thorn-like 
tight cluster of setulae basally. Female unknown. Male body length 3.1. Thai-
land ...................................... Strongylophthalmyia macrocera Papp, 2006

– Abdomen shining black, basally yellowish. Anepisternum with tuft of silvery 
setulae medially. Legs yellow, at least hind femur with apical brown ring. Male 
fore femur with dorsal row of 5–7 short black spines basally (Fig. 10a) ..........10

10 Male first flagellomere dorsally with long and slender process (see Papp et al. 
2006, fig. 56; this paper - Fig. 10d). Hind tibia darkened dorsally and ven-
trally in basal two thirds. Body length 3.4–3.8. Vietnam, Thailand (Figure 
10) ................................................. Strongylophthalmyia thaii Papp, 2006

– Male first flagellomere without dorsal process. Hind tibia darkened dorsally 
and ventrally in basal half. Female unknown. Male body length 4.0. Burma, 
Thailand ......................................Strongylophthalmyia spinosa Frey, 1956

11 Abdomen entirely black. Frons black, anteriorly yellow. Wing with pale 
brownish apical spot. Body length 4.5. Burma ..............................................
 ..............................................Strongylophthalmyia curvinervis Frey, 1956

– Abdomen black, tergite 6 brownish yellow. Frons yellow with brownish area 
around ocellar tubercle and on vertex. Wing transparent (Fig. 9a). Body 
length 3.4. China, Vietnam (Figure 9) ..........................................................
 ................................ Strongylophthalmyia splendida Yang & Wang, 1998
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12 Abdomen mostly matte yellow. Head with 2 orbital setae. Female unknown. 
Male body length 3.4. Vietnam (Figure 4) ....................................................
 .....................................................Strongylophthalmyia gavryushini sp. n.

– Abdomen shining black, at most yellowish basally. Head usually with 3 or-
bital setae (male and female) .....................................................................13

13 Arista with short setulae ............................................................................14
– Arista bare .................................................................................................16
14 Frons black ...............................................................................................15
– Frons black, yellow in anterior third. Basisternum with a pair of yellow spots. 

Body length 5.5–6.0. Burma. ...Strongylophthalmyia humeralis Frey, 1956
15 Wing: median transverse band between C and R2+3 undeveloped; apical spot 

large, extended from beginning of R2+3 vein; short cross-band at level of Rs 
undeveloped. Face yellow, arista yellow. Body length 5.0 (male), 6.0 (female). 
China (Zhejiang) ..... Strongylophthalmyia bifasciata Yang & Wang, 1992

– Wing median transverse band between C and R2+3 well-developed, reaching 
costal margin; apical spot small, its length equal distance from this spot to 
R2+3 vein; short cross-band at a level of Rs in anterior half of wing developed. 
Face black, arista dark brown. Male unknown. Female body length 5.0. Chi-
na (Guangxi) ............Strongylophthalmyia yaoshana Yang & Wang, 1998

16 Abdomen black, broadly yellow basally, tergite six with lateral yellow spots 
extending from anterior margin to two thirds of its length. Wing with two 
brownish marks: short cross-band at a level of Rs undeveloped; median cross-
band on a dm-cu vein almost undeveloped between C and R2+3. Male un-
known. Female body length 3.6. Vietnam (Figure 8) ....................................
 ........................................................Strongylophthalmyia tomentosa sp. n.

– Abdomen entirely black, or yellow basally. Wing with three brownish marks: api-
cal spot, cross-band on dm-cu vein and short crossband at level of Rs in anterior 
half of wing. Median cross-band well developed between C and R2+3 ..............17

17 At least area around anterior spiracle and postpronotum laterally yellow. Fore 
legs entirely yellow. Body length 3.8–4.7. Vietnam (Figure 1) .......................
 ........................................................ Strongylophthalmyia annulipes sp. n.

– Area around anterior spiracle and postpronotum laterally brown. Fore coxa 
and femur partly black ..............................................................................18

18 Fore femur black, basally and apically with narrow yellow ring. Fore tibia 
yellow, brownish in basal third. Two (in males) or three (in females) last seg-
ments of tarsi contrastingly black. Hind trochanter of male with posterior 
round blackish spot; hind femur basally with round posteroventral process, 
and with small subbasal process bearing patch of yellow setulae situated 
on the posterior surface of hind femur. Wing with wide median crossband 
(Fig. 7b). Body length 3.3 (male), 4.8 (female). Vietnam (Figure 7) .............
 ..............................................................Strongylophthalmyia stricta sp. n.

– Fore femur yellow with blackish spot on apical third; fore tibia entirely yel-
low; female with 2 last segments of tarsi black (male unknown). Wing with 
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narrow median cross-band (Fig. 5b). Body length 4.2–4.6. Vietnam (Figure 
5) ......................................................... Strongylophthalmyia obtecta sp. n.

19 Hind femur entirely yellow or with apical or subapical dark brown ring ...20
– Hind femur largely black, including basal half of segment ........................29
20 Arista with short distinct setulae. Basisternum with pair of reddish yellow spots 

(in females) or with one large spot (in males) between fore coxae. Body length 
5.5–6.5. Burma, Vietnam ..................................................................................
 ............................................... Strongylophthalmyia angusticollis Frey, 1956

– Arista bare. Basisternum with pair of reddish yellow spots or black ...........21
21 Wing at least darkened apically .................................................................22
– Wing totally transparent ...........................................................................25
22 Frons posteriorly black, anteriorly yellow ..................................................23
– Frons entirely black, at most with brownish spot between antenna and eye ...24
23 All femora with contrasting apical blackish ring. Thorax with 1 dorsocentral 

seta. Wing apically, r-m and dm-cu darkened. Body length 4.0–4.4. Burma ...
 ....................................................Strongylophthalmyia punctum Frey, 1956

– Fore femur without apical blackish ring. Thorax with 5 dorsocentral setae. 
Male: wing with median cross-band and apical spot; first flagellomere with 
long tubular dorsal process, covered with black setulae. Female: wing with 
median cross-band almost undeveloped. Body length 3.4–3.5. Thailand.......
 ....................................... Strongylophthalmyia freidbergi Shatalkin, 1996

24 Wing darkened apically. Legs yellow, only hind femur with preapical brown 
ring. Abdomen entirely black, basisternum without yellow spots. Body length 
3.6. Thailand ................ Strongylophthalmyia pectinigera Shatalkin, 1996

– Wing with median cross-band and apical spot. Mid and hind femora with 
preapical brown ring. Hind tibia with subbasal brownish ring, occupying 
one third of tibia. Abdomen black, tergite 4 yellowish laterally, tergite 5 and 
6 totally yellowish. Basisternum with a pair of yellow spots (Fig. 2e). Male 
unknown. Female body length 3.5–3.6. Vietnam (Figure 2) .........................
 ....................................................... Strongylophthalmyia basisterna sp. n.

25 Face yellow. Frons entirely black. Palpus bicoloured: yellowish, darkened 
in basal half on anterior margin (Fig. 3c, d). Male unknown. Female body 
length 4.8. Vietnam (Figure 3) ......................................................................
 ............................................................Strongylophthalmyia dichroa sp. n.

– Face black. Palpus monochrom, entirely yellow or entirely black ..............26
26 Smaller: Male (female unknown) body length 2.3. Hind tibia yellow, 

brownish in middle. Male: first flagellomere with short conical process 
(Shatalkin 1996, Fig. 27). Thailand, Vietnam ................................................
 ........................................... Strongylophthalmyia gibbifera Shatalkin, 1993

– Larger: Body length 3.5–4.5. Hind tibia yellow or brownish basally. First 
flagellomere normal in male and female ....................................................27

27 Proximal section of M1+2 restricting discal cell before r-m approximately 0.5–
0.6 times as short as distal section. Male palpus (Shatalkin 1996, Fig. 23) 
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with one wide leaf-like scale apically. Body length 3.8. Burma ......................
 ................................................Strongylophthalmyia freyi Shatalkin, 1996

– Proximal section of M1+2 restricting discal cell before r-m approximately 0.7–
0.8 times as short as distal section. Male palpus of different form. ............28

28 Hind tibia slightly brownish in basal third. Male palpus yellow, with two or 
three black leaf-like scale apically (Shatalkin 1996, Fig. 22). Genitalia with 
aedeagal apodeme very long, more than two times as long as epandrium 
(Shatalkin 1996, Fig. 16). Body length 3.5–4.5. Taiwan; Burma, Vietnam, 
Japan, Russian Far East ........... Strongylophthalmyia crinita Hennig, 1940

– Hind tibia totally yellow. Male palpus dark, normal without black leaf-like 
scale. Genitalia with aedeagal apodeme very short and completely closed by 
epandrium (Shatalkin 1996, Fig. 21). Body length 3.5–3.7. Vietnam ...........
 ..................................... Strongylophthalmyia verrucifera Shatalkin, 1996

29 Wing smoky brown darkened. All coxae yellow. Body length 4.0. Indonesia 
(Java); Philippines, Thailand .........................................................................
 ................................Strongylophthalmyia brunneipennis (Meijere, 1914)

– Wing transparent, with or without median brownish cross-band on level of 
dm-cu and apical brownish spot ...............................................................30

30 Wing clear, or brownish apically, without brownish cross-band on level of 
dm-cu .......................................................................................................31

– Wing with median cross-band and with apical spot ..................................32
31 All coxae blackish. Face light brown to yellow. Frons with narrow yellow 

band in male and usually totally black in female. Fore femur black, yellowish 
apically; mid and hind femora totally black. Male first flagellomere without 
dorsal process. Male fore femur with large black setae on anterior surface and 
cercus extremely long, slender. Body length 2.3–2.6. Indonesia (Java, Suma-
tra), Thailand ................... Strongylophthalmyia nigricoxa (Meijere, 1914)

– All coxae yellow. Head black. Fore leg yellow, mid and hind femora black-
ish, yellow in basal third. Male first flagellomere with dorsal process long, 
S-shaped; arista long, as long as first flagellomere. Wing length 3.7; Head 
length (without antenna) 0.87. Taiwan, Thailand .........................................
 ............................................Strongylophthalmyia punctata Hennig, 1940

32 Fore tibia entirely blackish. Fore tarsus with segment 1 yellow basally and brown 
apically, segments 2–5 blackish brown. Body length 4.0. Indonesia (Sumatra), 
Thailand, Vietnam .............Strongylophthalmyia metatarsata Meijere, 1919

– Fore tibia entirely or mostly yellow. Two or three basal segments of fore tarsus 
yellow .......................................................................................................33

33 Vein r-m divides discal cell in half. Body length 4.0. Indonesia (Java, Suma-
tra), Thailand ............................Strongylophthalmyia polita Meijere, 1914

– Vein r-m divides discal cell in relation from 1:2.5 to 1:4.0 ........................34
34 Mesonotum shining. Anepisternum covered with whitish setulae. Face yellow-

ish. Palpus yellow. Mid tibia yellow in apical half. Body length 3.8–4.0. Philip-
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pines, Burma, Vietnam ......................................................................................
 ................................................. Strongylophthalmyia fascipennis Frey, 1928

– Mesonotum matte. Anepisternum bare, with blackish short setae on posterior 
margin. Face dark brown, matte. Palpus black. Mid tibia entirely blackish ....35

35 Fore femur black, narrowly yellow basally and apically, fore tibia yellow, 
brown in basal third; female with 3 distal segments of tarsi black (see also 
couplet 18) (Figure 7) ............................Strongylophthalmyia stricta sp. n.

– Fore femur yellow with black ring in apical third; fore tibia entirely yellow; 
female with 2 distal segments of tarsi black (see also couplet 18) (Figure 5) ....
 ...............................................................Strongylophthalmyia obtecta sp. n.

Descriptions of new species

Strongylophthalmyia annulipes sp. n.
http://zoobank.org/6F1961E2-9838-4C98-A1BE-4B348AD527F5
Figure 1

Type material. Holotype: 1 male, Vietnam, Lai Châu Province, Hoáng Liên 
(22.34997°N, 103.76818°E), 1947 m, 11.IV.2012 (D. Gavryushin). Paratypes: 2 
female, Vietnam, Lai Châu Province, Hoáng Liên (22.347948°N, 103.769714°E), 
1900 m, 16.IV and 19.IV.2012 (A.L. Ozerov); 1 male, 1 female, Vietnam, Lai Châu 
Province, Hoáng Liên (22.33788°N, 103.77922°E), 2068 m, 21.IV. and 7.V.2013 
(T.V.Galinskaya). ZMUM.

Diagnosis. This new species belongs to a group of species characterized by a yel-
low postpronotum, propleuron and basisternum. Three species from this group, S. hu-
meralis, S. bifasciata and S. yaoshana are otherwise characterized by an arista with very 
short setulae and easily differentiated. Other species of this group, S. spinosa, S. thaii, S. 
coarctata Hendel, 1913 and S. macrocera differ from S. annulipes by transparent wings. 
Strongylophthalmyia annulipes sp. n. is close to S. tomentosa sp. n. and differs from it by 
the presence of a preapical black ring on the mid and hind femora and by black ring on 
the mid and hind tibia.

Description. Male. Head black, shining, slightly longer than its height; frons en-
tirely black, covered with grey tomentose of by very short setulae (0.01 mm). Occiput 
slightly convex (in dorsal view). Face black, matte, with row of short setulae along 
suture; parafacial black, covered with silvery grey tomentum, length of its setulae: 
0.021–0.028 mm. Gena with brownish short stripe directly below parafacial. Antenna 
brownish yellow. First flagellomere rounded, its length almost equal to height; dark 
brown, narrowly yellow at base, with short yellow setulae dorsally. Arista dark brown, 
bare. Palpi brownish yellow. Chaetotaxy: three reclinate to lateroclinate orbital setae 
(the middle seta 2.5 times longer than others), 1 ocellar seta, 1 postocellar seta, 1 inner 
vertical seta, 1 outer vertical seta, 2 hair-like short frontal setae.
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Figure 1. Strongylophthalmyia annulipes sp. n. a habitus, lateral view b wing.
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Thorax black. Postpronotum laterally, propleuron, basisternum, and anepisternum 
around spiracle yellow. Mesonotum matte, sparsely covered with short pale setulae; 
pleuron shiny; scutellum bare, matte. Legs yellow, mid and hind femora with dark 
brown preapical ring; mid tibia yellow basally and in apical half, and darkened be-
tween these yellow areas; hind tibia darkened, yellowish basally and in apical quarter. 
Wings with apical spot, with median transverse band on level of dm-cu vein and with 
weak darkening anteriorly at level of vein Rs. R2+3 long: section of C between R1 and 
R2+3 1.5 times longer than following section (between R2+3 and R4+5). R4+5 and M1+2 
almost parallel apically. Section of M1+2 between r-m and dm-cu approximately 1.8 
times longer than proximal section and 0.6 times shorter than distal section. Cell bm 
is 0.5 times shorter than discal cell. Calypter light grey with fan of very long light setu-
lae on its margin. Halter with yellow stem and whitish knob. Chaetotaxy: one small 
postpronotal seta, one dorsocentral seta, two notopleural setae, one supraalar seta, one 
postalar seta, one anepisternal seta, one stout apical scutellar seta. All setae black.

Abdomen shiny black, narrowly yellow basally.
Body length 4.2 mm. Wing length 3.8 mm.
Female differs from male in following characters. Frontal setulae very short, hardly 

visible. Palpi dark brown. Mesonotum covered with short setulae. Mid tibia widely 
darkened, yellowish basally and in apical quarter. Body length 3.8–4.7 mm; wing 
length 3.5–4.2 mm.

Etymology.The specific name refers to black ring on mid and hind femora.

Strongylophthalmyia basisterna sp. n.
http://zoobank.org/8A8E266B-04BC-4B10-A229-5C37EBFC6ECF
Figure 2

Type material. Holotype: 1 female, Vietnam, Lai Châu Province, Hoáng Liên 
(22.347948°N, 103.769714°E), 1700 m, 22.V.2014 (A.L. Ozerov). Paratype: 1 fe-
male, Vietnam, Lai Châu Province, Hoáng Liên (22.347948°N, 103.769714°E), 
1900 m, 22.V.2014 (A.L. Ozerov); 1 female, Vietnam, Lai Châu Province, Sa Pa env. 
(22.3872°N, 103.7867°E), 1682 m 23.V.2014 (D. Gavryushin) ZMUM.

Diagnosis. This new species strongly differs from all species from Vietnam and 
neighbour countries. It is morphologically close to S. puncticollis Frey, 1928 (from 
Philippines and Papua New Guinea) and to S. fasciolata Meijere, 1919 (from Su-
matra). Strongylophthalmyia. puncticollis differs from the new species by having the 
abdomen entirely black; all femora have a brown preapical ring, the hind tibia is black 
basally and apically and yellow in the median third. Strongylophthalmyia fasciolata dif-
fers from the new species by an entirely black abdomen, black matte mesonotum, dark 
legs, and halteres with a brownish stem. In the key by Steyskal (1971) S. fasciolata is 
close to S. angusticollis Frey, 1956 (from Burma). The last species is characterized by 
the arista covered with short setulae.
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Figure 2. Strongylophthalmyia basisterna sp. n. a habitus, lateral view b head and thorax, dorsal view 
c head, anterior view d head, lateral view e basisternum f wing.

Description. Female. Head black, 1.3 times longer than height. Frons matte with 
yellowish brown spot between antenna and eye. Ocellar tubercle slightly shifted ante-
riorly: the ratio between height of the frons from its anterior margin to hind ocelli and 
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from the hind ocelli to the vertex or vti equal to 1.3. Occiput poorly convex (in dorsal 
view). Face dark brown, matte, with row of short setulae along suture. Parafacial yel-
low, covered with whitish tomentum, setulae on parafacial around 0.5 times shorter 
than setulae along facial suture. Antenna dark brown. First flagellomere 1.1 times 
longer than high, dark brown with long yellowish marginal setulae. Arista dark brown, 
bare. Mouthparts dark, palpi darkish brown. Chaetotaxy: two reclinate to lateroclinate 
orbital setae (posterior seta 2.0 times longer than anterior), 1 oc, 1 poc, 1 vti, 1 vte, 
frontal setae absent.

Thorax black, shining. Basisternum with two bright yellow spots between fore coxae; 
yellowish brown stripe extended from postpronotum over anterior spiracle to coxa. Mes-
onotum shining, with 4 rows of short yellow setae along dc and ac rows. Scutellum matte. 
Legs yellow, mid and hind femur with preapical brown ring (this ring narrower on mid 
femur); mid and hind tibiae with subbasal brownish ring; two last tarsal segments black. 
Wings with apical spot, median transverse band through dm-cu and with weak darkening 
in anterior part of Rs. Right border of median band situated slightly laterally to R2+3 vein. 
R2+3 long: section of C between R1 and R2+3 1.3 times longer than following section (be-
tween R2+3 and R4+5). R4+5 and M1+2 almost parallel apically. Section of M1+2 between r-m 
and dm-cu slightly concave, 3 times longer than proximal section and 0.9 times shorter 
than distal section. Cell bm 0.5 times shorter than discal cell. Calypter brownish yellow 
with fan of very long yellowish setulae on its margin. Halter with yellow stem and whitish 
knob. Chaetotaxy: one small pprn, one pprn, one dc, ac in two rows, two npl, one sa, one 
pa, one anepst, scutellum with a pair of stout setae apically. All setae black.

Abdomen black, shiny; tergite 4 laterally, tergite 5, 6 totally yellow.
Body length 5.6 mm (5.5 and 6.5 in paratypes); wing length 5.2 mm (5.2 and 5.3 

in paratypes).
Male unknown.
Etymology.The specific name refers to the two bright yellow spots on basisternum.

Strongylophthalmyia dichroa sp. n.
http://zoobank.org/41F487F6-4F57-4BE6-B9AE-506B4A0DFBA0
Figure 3

Type material. Holotype: 1 female, Vietnam, Lai Châu Province, Hoáng Liên 
(22.33788°N, 103.77922°E), 2068 m, 7.V. 2013 (T.V. Galinskaya). ZMUM.

Diagnosis. This new species belongs to the S. crinita species group. Species of this 
group are characterized by transparent wing, bare arista, yellow legs, mid and hind 
femora with apical dark brown ring. Within this group the new species is close to spe-
cies with yellow face and totally black frons. The new species differ from all species of 
S. crinita species group by palpus with character coloration (yellow, darkened in basal 
half on anterior margin, with some black setulae apically). Among oriental species only 
S. stylocera from Philippines has these characters, but it is a much smaller species, 2.7 
mm (4.8 mm in S. dichroa).
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Figure 3. Strongylophthalmyia dichroa sp. n. a habitus, lateral view b head and thorax, dorsal view c head, 
anterior view d head, lateral view e basisternum f wing.

Description. Female. Head black, shining, slightly shorter than height. Frons entirely 
black, shining; ocellar tubercle slightly shifted towards anterior: the ratio between height 
of the frons from its anterior margin to hind ocelli and from hind ocelli to vertex or in-
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ner vertical seta equal to 1.1. Occiput black shining, slightly convex. Face very narrow, 
yellowish, with triangular black spot in lower part, and consequently it seems dark; face 
with row of short setulae along suture. Parafacial yellow, covered with white tomentum. 
Basal antennal segments yellow, first flagellomere darkened, rounded, with short yellow 
dorsal setulae. Arista brown, bare. Mouthparts brown; palpus yellow, darkened in basal 
half on anterior margin, with some black setulae apically. Chaetotaxy. Three orbital setae, 
1 ocellar seta, 1 postocellar seta, 1 inner vertical seta, 1 outer vertical seta, 1 frontal seta.

Thorax black. Basisternum without a pair of yellow spots. Mesonotum slightly 
matte, clothed with short yellow dense setulae; postpronotum shining, practically 
bare; pleuron, including region surrounding anterior spiracle black shining, anepis-
ternum with well-developed light or yellowish setulae ventrally near the mid-coxa and 
posteriorly near the pleural suture; scutellum bare, matte. Legs yellow, mid and hind 
femora with dark brown preapical ring; hind tibia with traces of darkening in the 
basal half; last two tarsal segments slightly brownish. Wings transparent; cell r4+5 and 
posterior border of cell r2+3 slightly smoke-coloured. Vein R2+3 long, its end far beyond 
the level of dm-cu: section of C between R1 and R2+3 in 1.9 times longer than a pro-
jection of a following section (between R2+3 and R4+5). R4+5 and M1+2 nearly parallel 
apically. Vein M1+2 between r-m and dm-cu approximately 2 times longer than previ-
ous one and nearly 1.4 times shorter than ultimate one. Cell bm approximately 0.45 
times shorter than discal cell. Calypter dark grey with fan of very long light setulae 
on margin. Halter with yellowish stem and whitish knob. Chaetotaxy: one very small 
postpronotal seta, one dorsocentral seta, two notopleural setae, one supraalar seta, 
one postalar seta, one anepisternal seta, one stout apical scutellar seta. All setae black.

Abdomen shiny black.
Body length 4.8 mm; wing length 4.0 mm.
Male unknown.
Etymology. The specific name refers to a bi-coloured palpus.

Strongylophthalmyia gavryushini sp. n.
http://zoobank.org/B5F8CFA3-5B49-4068-A239-C8FD3D689163
Figure 4

Type material. Holotype: 1 male, Vietnam, Lai Châu Province, Sa Pa env. (22.3872°N, 
103.7867°E), 1682 m, 25.V.2014 (D. Gavryushin) ZMUM

Diagnosis. Species of Strongylophthalmyia are characterized by a slight shift of the 
ocellar tubercle anteriorly and in some species, the ocellar tubercle can be situated in 
the middle of the frons. Strongylophthalmyia gavryushini sp. n., however, has the ocel-
lar tubercle positioned nearly on the edge of the vertex. The value of frontal index (the 
ratio between height of the frons from its anterior margin to hind ocelli and from hind 
ocelli to vertex or vti) is high, equal to 4.3. The frontal index of the other new species 
of Strongylophthalmyia described in this paper vary from 1 up to 1.7. Only S. tomentosa 
sp. n. has the frontal index equal to 2.7.
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Figure 4. Strongylophthalmyia gavryushini sp. n. a habitus, lateral view b abdomen, dorsal view c head, 
anterior view d head and thorax, dorsal view e wing.
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The new species is characterised by fore femur with row of ten black setae dorsally 
and with row of long dense yellowish setulae bent lateroapically aside of femoral apex, 
proximally these setulae 1.3 longer than distally. Tergite six with long black setulae 
dorsally and 6–7 long yellowish setulae laterally (Figure 4b). The new species is close 
to S. trifasciata Hennig. Males of these species are similar by abdomen partially yellow. 
Strongylophthalmyia trifasciata differs by wing with a short cross-band in anterior part 
at a level of Rs. At least last abdominal tergites of male are yellow, with black transverse 
band, tergite six with patch of thick black setae laterally (fig. 20 in Hennig 1941).

Description. Male. Head yellow, length almost equal to its height. Frons yellow, 
black shining posteriorly to hind margin of ocellar tubercle. Frontal index 4.3. Oc-
ciput black, slightly convex. Gena yellow. Face yellow, with row of short setulae along 
suture. Parafacial covered with silvery grey tomentum. Antenna light yellow. First flag-
ellomere 1.6 times longer than width, with short yellow dorsal marginal setulae. Arista 
dark brown, basally yellow, bare. Palpus yellow. Clypeus dark brown. Frons between 
upper orbital and outer vertical setae with one short setula. Chaetotaxy: Two orbital 
setae (anterior – 0.18 mm, posterior – 0.24 mm); 1 ocellar seta, 1 postocellar seta, 1 
inner vertical seta, 1 outer vertical seta, 1 hair-like very short frontal seta.

Thorax black. Postpronotum laterally and dorsally, propleuron, anepisternum 
around spiracle yellow. Mesonotum matte, sparsely covered with short yellow setulae; 
pleuron shiny; scutellum bare, matte. Legs yellow, mid and hind femora with dark 
brown preapical ring, hind femur brownish basally; mid tibia with brownish spot in 
basal quarter; hind tibia brown, yellow basally and apically. Fore femur with promi-
nent row of ten black setae dorsally and with row of long dense yellowish setulae bent 
lateroapically aside of femoral apex, proximally these setulae almost as long as femor 
width. Mid tibia with two spurs, yellow and black, both 0.1 mm. Wings with apical 
spot, median transverse band at level of dm-cu and with weak darkening in anterior 
part at level of Rs. Vein R2+3 long, merged with C vein far from the level of dm-cu: 
section of C between R1 and R2+3 1.6 times longer than section between R2+3 and 
R4+5. Veins R4+5 and M1+2 almost parallel apically. Section of M1+2 between r-m and 
dm-cu nearly 1.5 times longer than proximal section and around 0.6 times shorter 
than distal section. Cell bm approximately 0.4 times shorter than discal cell. Calypter 
brownish grey with fan of very long dark setulae on margin. Halter with yellow stem 
and whitish knob. Chaetotaxy: two small postpronotal seta, one dorsocentral seta, two 
notopleural setae, one supraalar seta, one postalar seta, one anepisternal seta, one stout 
apical scutellar seta (0.42 mm). All setae black.

Abdomen yellow, matte, with light brownish spots and strips (Figure 4b). Tergites 
with long dark brownish setulae, length of these setulae increased posteriorly; tergite 
six with 6–7 long yellowish setulae laterally.

Body length 3.4 mm; wing length 3.2 mm.
Female unknown
Etymology. The species is named after our colleague Dr. D.I. Gavryushin.
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Strongylophthalmyia obtecta sp. n.
http://zoobank.org/6BB4B76A-CC6A-4FF0-A283-3F9382A3F6F5
Figure 5

Type material. Holotype: 1 female, Vietnam, Lai Châu Province, Hoáng Liên 
(22.347948°N, 103.769714°E), 1900 m, 18.IV.2012 (A.L. Ozerov). Paratype: 1 
female, Vietnam, Lai Châu Province, (22.347948°N, 103.769714°E), 1947 m, 
22.V.2014 (D. Gavryushin) ZMUM.

Diagnosis. Strongylophthalmyia obtecta sp. n. and S. stricta sp. n. have the thorax 
with 2 dc and two rows of black setulae on the line of dc with one large setula before 
transverse suture, 2 rows of long black ac. Based on these characters both species are 
close to S. raricornis Shatalkin, 1981; S. raricornis differs from two new species by first 
flagellomere bilobate. Strongylophthalmyia obtecta sp. n. differs from S. stricta sp. n. in 
having fore femur and tibia yellow; and by having the two distal segments of the tarsus 
black (distal three segments black in female of S. stricta sp. n.)

Description. Female. Head entirely black, 0.9 times shorter than height; frons 
shining, entirely black, upper occiput slightly convex. Gena narrow; postgena broad, 
approximately 0.5 times shorter than eye height. Face dark brown, matte, with row of 
short setulae along suture. Parafacial with silvery grey tomentum, these setulae 0.25 
times shorter than setulae along facial suture. Scape and pedicel yellowish brown, first 
flagellomere length almost equal to height. First flagellomere dark brown, with long 
pale marginal setulae, nearly 3 times less than flagellomere width. Arista dark brown, 
bare. Mouthparts and palpus black. Chaetotaxy: three orbital setae (medial seta 1.8 
times longer than others); 1 ocellar seta, 1 postocellar seta, 1 inner vertical seta, 1 outer 
vertical seta; hair-like short frontal setae present.

Thorax black. Postpronotum laterally, proepisternum, anepisternum behind anterior 
spiracle yellowish brown, shining. Mesonotum matte, with rows of black setulae; dc row 
of setae includes 1+2 large dc; pleuron shining; scutellum slightly shiny. Legs. Fore coxa 
yellow with blackish stripe on anterior surface basally, mid and hind coxae yellow. Fore 
femur yellow, with blackish ring in apical third; mid and hind femora black, narrowly yel-
lowish basally; fore tibia yellow, mid and hind tibia black, tarsi yellow, segment 3 brown, 
segments 4–5 dark brown to black. Wings with apical spot, median transverse band on 
level of dm-cu and with light brown spot anteriorly on level of Rs. Distal border of median 
band nearly reaching apex of vein R2+3. Vein R2+3 long: section of C between R1 and R2+3 
1.5 times longer than section between R2+3 and R4+5. Veins R4+5 and M1+2 almost parallel 
apically. Section of M1+2 between r-m and dm-cu slightly concave, 2.5 times longer than 
proximal section and 0.7 times shorter than distal section. Cell bm 0.4 times shorter than 
discal cell. Calypter brownish grey with fan of very long yellowish setulae on margin. 
Halter with brownish stem and whitish knob. Chaetotaxy: one short postpronotal seta, 
two dorsocentral seta and two rows of black setulae on the line of dc with one large setula 
before transverse suture, two rows of long black acrostichal setulae, two notopleural setae, 
one supraalar seta, one postalar seta, one anepisternal seta, one stout apical scutellar seta 
and one short discal scutellar seta in front of apical ones. All setae black.
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Figure 5. Strongylophthalmyia obtecta sp. n. a habitus, lateral view b head and thorax, dorsal view c head, 
anterior view d wing.
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Abdomen shiny black, with brownish tinge on anterior margin of tergite 1.
Body length 4.2 mm (4.6 in paratype); wing length 3.7 mm (4.1 in paratype).
Male unknown.
Etymology. Obtectus (Latin) = matted. In this case it refers to the setulae covering 

the mesonotum.

Strongylophthalmyia orchidanthae sp. n.
http://zoobank.org/DDCAAC2F-4088-4CAF-A04E-C3F2FF18D565
Figure 6

Type material. Holotype: 1 male, Vietnam, Phu Tho province, Thanh Son district, Xuan 
Son National Park, (21°6'45"N, 104°57'25"E.), 23.X.2014 (T.V. Galinskaya). ZMUM.

Diagnosis. Strongylophthalmyia orchidanthae sp. n. is superficially similar to the 
S. lutea species group in having a yellow thorax. S. lutea species group is characterized 
by vein R2+3 short and section of C between R1 and R2+3 0.7 times shorter than distal 
section between R2+3 and R4+5. The new species has section of C between R1 and R2+3 
approximately equal to distal section. This new species is similar to S. immaculata Hen-
nig, 1940 from Formosa, which is included in the S. lutea group, i.e. characterized by 
short vein R2+3. but S. immaculata differs from S. orchidanthae by armed fore femur, 
abdomen entirely black, mesonotum without pair of brown longitudinal stripes, wing 
transparent. Strongylophthalmyia nigriventris Frey, 1928 from Philippines, Malaysia and 
Papua New Guinea is characterized by a pair of brown stripes coalesced in anterior part 
of mesonotum, as in this new species. It differs from S. orchidanthae sp. n. by abdomen 
entirely black, legs entirely yellow and pedicel yellow, first flagellomere brownish.

Description. Male. Head yellow, 1.3 times longer than height, ocellar tubercle 
small, black; frons slightly widened towards vertex, frontal index equal to 1.3. Occiput 
slightly convex. Face yellow with row of yellow setulae along suture. Parafacial covered 
with silvery grey tomentum. Antenna yellow, pedicel black. First flagellomere slightly 
brownish basally, its length around 0.9 times shorter than high. Arista dark yellow, 
bare. Mouthparts and palpus yellow. Chaetotaxy: three orbital setae, 1 ocellar seta, 1 
postocellar seta, 1 inner vertical seta, 1 outer vertical seta.

Thorax yellow with anterior 3/4 of presutural scutum black with one pair of black 
lines continuing along dorsocentral rows onto sides of scutellum. A pair of postsu-
tural longitudinal stripes not merged with anterior arcuate area; in posterior part of 
mesonotum these stripes continued on scutellum. Scutellum yellow with black border 
laterally. Mediotergite blackish brown. Legs yellow, with coxae and tarsi white, two 
distal tarsal segments brown. Mid femur with light brownish preapical ring, mid tibia 
with brown subbasal band. Hind femur with light brown subapical ring; hind tibia 
with brown subbasal band; basal segment of hind tarsus darkened. Wings with brown 
apical spot and cross-band at level of vein dm-cu. Vein R2+3 long: section of C between 
R1 and R2+3 nearly 1.1 times longer than section between R2+3 and R4+5. Section of M1+2 
between r-m and dm-cu nearly 2.3 times longer than proximal section and 0.7 times 
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Figure 6. Strongylophthalmyia orchidanthae sp. n. Habitus, lateral view.

shorter than distal section. Posterior basal cell approximately 0.6 times shorter than 
discal cell. Calypter yellowish with fan of very long yellow setulae on margin. Halter 
with yellow stem and whitish knob. Chaetotaxy: one very small postpronotal seta, 
one dorsocentral seta, two notopleural setae, one supraalar seta, one postalar seta, one 
anepisternal seta, one stout apical scutellar seta.

Abdomen yellow, tergite 1–2 with pair of black longitudinal stripes, tergite 3 with 
pair of light brown median spots, tergite 4 with large black triangular spot, tergite 5 
with narrow dorsal band on anterior ¾. Sternite 8 large, situated on dorsal side, with 
large black spot. Epandrium yellow apically, brown basally.

Body length 4.3 mm; wing length 3.1 mm.
Female unknown
Etymology. The new species was collected on Orchidantha (Zingiberaceae).
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Strongylophthalmyia stricta sp. n.
http://zoobank.org/6EDEDB8E-FE8D-4F51-AA68-BB1396B66110
Figure 7

Type material. Holotype: 1 male, Vietnam, Lai Châu Province, Sa Pa env. 
(22.330396°N, 103.82418°E), 1284 m, 12.IV.2012 (A.L. Ozerov) ZMUM. Para-
types: 1 male, Vietnam, Lai Châu Province, Sa Pa env. (22.1454°N, 103.8053°E), 
1448 m 21.V.2014 (D. Gavryushin); 1 female, Vietnam, Lai Châu Province, Hoáng 
Liên (22.347948°N, 103.769714°E), 1900 m, 22.V.2014 (A.L. Ozerov).

Diagnosis. Strongylophthalmyia stricta sp. n. and Strongylophthalmyia obtecta sp. 
n. have the thorax with 2 dc and two rows of black setulae on the line of dc with one 
large setula before transverse suture, 2 rows of long black ac. Based on these characters 
both species are close to S. raricornis Shatalkin, 1981; S. raricornis differs from two new 
species by first flagellomere bilobate. Strongylophthalmyia obtecta sp. n. differs from S. 
stricta sp. n. by fore femur and tibia yellow; two distal segments of tarsi black (instead 
of three distal segments in female of S. stricta sp. n.).

Description. Head entirely black, its length equal to its height. Frons shining, 
entirely black. Occiput slightly convex. Face brownish, with row of short setulae along 
suture. Parafacial covered with short silvery grey tomentum. Antenna yellowish brown, 
first flagellomere 1.5 times longer than high. First flagellomere yellow with dorsum 
dark brown, with long pale marginal setulae. Arista dark brown, bare. Mouthparts and 
palpus black. Chaetotaxy: Three orbital setae, 1 ocellar seta, 1 postocellar seta, 1 inner 
vertical seta, 1 outer vertical seta, 3 hair-like short frontal setae.

Thorax black. Postpronotum laterally, proepisternum, anepisternum behind anteri-
or spiracle yellowish brown, shining. Mesonotum matte, with rows of black setulae; 1+3 
large dorsocentral setae; pleuron shining; scutellum matte. Legs. Fore coxa black with 
anterolateral margin of fore coxa yellowish and mid and hind coxae yellowish distally, 
fore femur black, narrowly yellowish basally and apically; mid and hind femora black; 
fore tibia yellow with brownish ring in basal third; mid and hind tibia black, tarsi yellow, 
two distal segments black. Hind trochanter with a posterior round blackish spot; hind 
femur basally with round posteroventral process, without 3–4 ventral setulae (as in male 
of S. papuana), and with small subbasal black posterior process with two yellow setulae 
on it and with two yellow setae on trochanter distally to this process. Wings with apical 
spot, median transverse band at level of dm-cu and light brown spot anteriorly at level 
of Rs. Distal border of median band reaching apex of vein R2+3. Vein R2+3 long: section 
of C between R1 and R2+3 1.3 times longer than penultimate section (between R2+3 and 
R4+5). Veins R4+5 and M1+2 almost parallel apically. Proximal section of M1+2 between r-m 
and dm-cu 2.7 times longer than proximal one and 0.7 times shorter than distal one. 
Cell bm 0.4 times shorter than discal cell. Calypter brownish grey, with fan of very long 
light setulae on margin. Halter with brownish stem and whitish knob. Chaetotaxy: one 
small postpronotal seta, 1+3 dorsocentral setae, two rows of acrostichal setulae, two no-
topleural setae, one supraalar seta, one postalar seta, one anepisternal seta, one stout api-
cal scutellar seta and one short discal scutellar seta in front of apical seta. All setae black.
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Figure 7. Strongylophthalmyia stricta sp. n. a habitus, lateral view b wing.
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Abdomen black, shining, with two yellowish spots dorsally on first tergite.
Body length 3.3 mm; wing length 2.9 mm.
Female differs by having three black distal tarsal segments; abdomen totally black; 

trochanter without processes.
Body length 4.8 mm; wing length 4.2 mm.
Etymology. Strongylophthalmyia stricta is characterized by a dense field of adjoin-

ing setulae on the scutum that are sticking out or protrusive (strictus in Latin), and 
rarely ordered in regular lines.

Strongylophthalmyia tomentosa sp. n.
http://zoobank.org/D592F9BC-9BC5-42EE-AF71-E4F9960805DA
Figure 8

Type material. Holotype: 1 female, Vietnam, Lai Châu Province, Tam Duong Distr. 
(22.37017°N, 103.75793°E), 1745 m, 26.X.2015 (D.Gavryushin). Paratype: 1 fe-
male, Vietnam, Lai Châu Province, Hoáng Liên (22.347948°N, 103.769714°E), 1900 
m, 11.IV.2012 (A.L.Ozerov).

Diagnosis. The new species belongs to a large and varied group of species with a 
yellow postpronotum. Within this group, Strongylophthalmyia tomentosa sp. n. is close 
to S. bifasciata Wang & Yang from China (Zhejiang) on the basis of a longitudinal 
band running along R2+3 from its base to the medial transverse band. Strongyloph-
thalmyia dorsocentralis has a similar wing band, but this species differs from first two 
species by many characters, including the coloration of the thorax and by the absence 
of microsetulae across the mesonotum. Strongylophthalmyia tomentosa sp. n. differs 
from S. bifasciata by the shorter vein R2+3, smaller size of apical spot and by bare arista. 
Strongylophthalmyia tomentosa sp. n. is also similar to S. annulipes sp. n. (see the diag-
nosis of S. annulipes).

Description. Female. Head slightly shorter than height. Frons matte black, nar-
rowly yellow anteriorly. The ratio between height of the frons from its anterior margin 
to hind ocelli to the distance from the hind ocelli to vertex or vti is equal to 2.7. Oc-
ciput black, shining, slightly convex. Face yellow with row of short setulae along su-
ture, clypeus yellow shining; parafacial yellow with silver grey tomentum. Gena black 
with small brownish spot between lateral margin of mouth and parafacial. Antenna 
yellow, first flagellomere rounded, 0.9 times shorter than height, dark brown on in-
ner surface, narrowly yellow basally, widely dark brown apically and on dorsal margin 
externally, with short yellow dorsal setulae. Arista dark brown, bare. Mouthparts dark 
brown; palpus yellow, with short and thick black setulae apically. Chaetotaxy: Two 
orbital setae (posterior seta 2.6 times longer than anterior seta), 1 ocellar seta, 1 posto-
cellar seta, 1 inner vertical seta, 1 outer vertical seta, frontal setae absent.

Thorax black. Postpronotum, proepisternum, basisternum, anepisternum around of 
spiracle yellow, and yellow coloration on postpronotum slightly extending to mesono-
tum (Figure 8a,b). Mesonotum matte, sparsely covered with short pale setulae; pleuron 
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Figure 8. Strongylophthalmyia tomentosa sp. n. a habitus, lateral view b head and thorax, dorsal view 
c head, lateral view d head, anterior view e wing.
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shining; scutellum bare, matte. Legs. Fore legs yellow, fore femur externally with pale 
brownish spot basally and apically. Mid legs yellow, mid femur with dark brown preapi-
cal ring, mid tibia: yellow, dark brown medially. Hind legs yellow, hind femora with dark 
brown preapical ring and with brown spot basally, hind tibia blackish, yellow basally and 
in apical quarter; fore tarsi yellow, mid tarsi yellow with brownish apical segment, hind 
tarsi yellow with three apical segments brownish. Wings with strong apical band, median 
transverse band on level of dm-cu (section of this vein between C and R2+3 undeveloped). 
R2+3 long: section of C between R1 and R2+3 1.5 times longer than distal section (between 
R2+3 and R4+5). R4+5 and M1+2 almost parallel apically. Section of M1+2 between r-m and 
dm-cu 1.8 times longer than proximal section and 0.6 times shorter than distal section. 
Cell bm 0.6 times shorter than discal cell. Calypter light grey with fan of very long light 
setulae on margin. Halter with yellow stem and whitish knob. Chaetotaxy: one very 
small postpronotal seta, one dorsocentral seta, two notopleural setae, one supraalar seta, 
one postalar seta, one anepisternal seta, one stout apical scutellar seta. All setae black.

Abdomen black, shining, tergite 1 and basal half of tergite 2 yellow, and one pair of 
lateral yellow spots on anterior margin of tergite 6 extending to two thirds of its length.

Body length 3.6 mm; wing length 3.7 mm.
Male unknown.
Etymology. The mesonotum of the new species is covered with short setulae, giv-

ing it the appaerance of a felt surface.

Species new to the fauna of Vietnam

Strongylophthalmyia angusticollis Frey

Strongylophthalmyia angusticollis Frey, 1956: 132 (male, female)

Material. 1 male, Vietnam, Lai Châu Province, Hoáng Liên (22.347948°N, 
103.769714°E), 1900 m, 16.IV.2012 (A.L. Ozerov); 1 female, same locality, 
18.IV.2012 (A.L. Ozerov). ZMUM.

Diagnosis. Strongylophthalmyia angusticollis is characterized by the following com-
bination of characters. Frons black, shining, yellow in anterior one third or quarter. 
Face yellow. Arista dark brown, pubescent. Thorax black, basisternum yellow in male 
or with a pair of yellow spots in female (original description lack these characters). Me-
sonotum matte, sparsely covered with short yellowish setulae. 1 dc. Legs yellow, mid 
and hind femora with preapical brown ring; mid and hind tibiae with wide subbasal 
brownish ring. Wings with apical spot, median transverse band at level of dm-cu and 
with light darkening in anterior part at level of Rs. Wing median band expanded along 
cell r4+5 in the direction of vein r-m. Abdomen entirely black, shining.
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Strongylophthalmyia fascipennis Frey

Strongylophthalmyia fascipennis Frey, 1928: 102 (male)

Material. 1 male, Vietnam, Lai Châu Province, Hoáng Liên (22.33788°N, 
103.77922°E), 2068 m, 1 and 7.V. 2013 (T.V. Galinskaya). ZMUM.

Strongylophthalmyia metatarsata Meijere

Strongylophthalmyia metatarsata Meijere, 1919: 35 (female)

Material. 1 male, Vietnam, Lai Châu Province, (22.347948°N, 103.769714°E), 1947 
m, 22.V.2014 (D. Gavryushin). ZMUM.

Strongylophthalmyia splendida Yang & Wang
Figure 9

Strongylophthalmyia splendida Yang & Wang, 1998 (1996): 459 (female).

Material. 1 male, Vietnam, Lai Châu Province, Hoáng Liên (22.347948°N, 
103.769714°E), 1700 m, 22.V.2014 (A.L. Ozerov); 1 female, Vietnam, Lai Cai Prov-
ince, So Pa (22.34147°N, 103.85818°E), 1490 m, 24.X.2015 (D. Gavryushin).

Diagnosis. Strongylophthalmyia splendida was described based on single female 
from Tibet (China), caught at a height of 2050 m. This species is characterized by 
some interesting and unique characters, including a head that is nearly 1.4 times longer 
than high (which is caused mainly by lengthening of the occiput). In other Strongy-
lophthalmyia, the head is globular (approximately as high as long) and the occiput part 
is short, only 0.1–0.2 times shorter than length of the eye. Furthermore, the outer 
vertical seta is absent, the frontal setae are absent and only one short hair-like orbital 
seta is developed. We also note yellow coloration of frons with a brown round spot 
between the ocellar tubercle and the vertex.

Other interesting character of the species is the presence of a large seta situated on 
the anterior part of the mesonotum near the postpronotum in front of posthumeral 
line (Fig. 9b). Vein R4+5 is slightly arcuate, terminating behind the wing apex (Fig. 9a); 
vein CuA2 is more or less straight; cell bm is rather long, terminating approximately 
at the level of the costal break; cell bm is shorter than the discal cell by approximately 
in 0.8 times.

Description of male. Head yellow, shining in black area, 1.4 times longer than 
height. frons with brownish to blackish (in view from different angles) rounded spot not 
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Figure 9. Strongylophthalmyia splendida Yang & Wang, 1996. a habitus, lateral view b head and thorax, 
dorsal view.

reaching eye that extends from level of hind ocelli to postocellar setae. Ocellar tubercle 
slightly shifted anteriorly: ratio between height of frons from its anterior margin to hind 
ocelli and from hind ocelli to vertex or vti equal to 1.4. Occiput convex. Face yellow, 
with row of short setulae along suture. Parafacial covered with silvery grey tomentum. 
Antenna yellow. First flagellomere rounded, length almost equal to height, very large, 
1.9 times less than eye length, with short yellow dorsal setulae. Arista dark brown, basally 
yellow, bare. Palpus yellow. Chaetotaxy: One short orbital seta, 1 ocellar seta, 1 postocel-
lar seta, 1 inner vertical seta, outer vertical seta absent; frontal setae absent.

Thorax black. Postpronotum laterally and dorsally, propleuron, anepisternum 
around spiracle, basisternum yellow. Mesonotum matte, covered with short yellow-
ish setulae; pleuron shining. Scutellum bare matte. Legs yellow, mid and hind femora 
with narrow dark brown apical ring; mid tibia with brownish stroke in basic quarter; 
hind tibia darkened, yellowish basally and apically. Fore femur dorsally with row of 
10 black setae. Fore femur laterally with row of long dense yellowish setulae situated 
apically aside of femoral apex; basally these setulae 1.3 times longer than those occur-
ring apically. Wings greyish, without apical spot and without median transverse band. 
Vein R2+3 short, section of C between R1 and R2+3 equal to following section (between 
R2+3 and R4+5). R4+5 and M1+2 convergent and almost parallel apically. Section of M1+2 
between r-m and dm-cu 2.2 times longer than proximal section and 0.45 times shorter 
than distal section. Calypter brownish grey with 4 long dark setulae on margin. Halter 
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with yellow stem and whitish knob. Chaetotaxy: postpronotal seta absent, 1 + 2 dorso-
central setae, two notopleural setae, one supraalar seta, one postalar seta, one large 
anepisternal seta, one stout apical scutellar seta. All setae black. Mesonotum with large 
seta anteriorly, near postpronotum (Fig. 9b: marked by arrow), which we consider as 
sublateral (Hennig 1973: 184, fig. 109).

Abdominal tergites black, shining; tergite 6 brownish yellow; sternites yellow.
Body length 3.4 mm; wing length 3.7 mm.

Strongylophthalmyia thaii L. Papp
Figure 10

Strongylophthalmyia thaii L. Papp, 2006: 171 (male)

Material. 2 females, Vietnam, Lai Cai Province, So Pa (22.34147°N, 103.85818°E), 
1490 m, 28.X.2015 (D. Gavryushin); 1 male, Thailand, Chang Mai, Sop Poeng 
(19.122°N, 98.805°E), 13–17. XI. 2009 (N. Vikhrev).

Description of female. Head rounded, its length equal to its height. Frons shiny 
black, with yellowish spot between antenna and eye. Face yellow with row of short 
blackish setulae along suture. Clypeus black, shining. Parafacial yellowish, covered 
with silvery grey tomentum. Antenna yellow, first flagellomere transversal, its length 
0.7 times shorter than its height, yellowish-orange, widely dark brown on apical mar-
gin on outer surface, with short yellow dorsal setulae. Arista dark brown, bare. Mouth-
parts dark brown; palpus black, yellowish on basal fourth, with short thick black setu-
lae apically. 3 orbital setae, 1 ocellar seta, 1 postocellar seta, 1 inner vertical seta, 1 
outer vertical seta; 2 short frontal setae.

Thorax. Postpronotum laterally, propleuron, anepisternum around of spiracle and 
basisternum yellow. Mesonotum black shining, sparsely clothed with short yellowish 
setulae; pleuron shiny, anepisternum medially without fan of 14–15 very long yellow 
setulae peculiar to male; scutellum shiny black. Legs yellow, hind femora with dark 
brown narrow apical ring; mid tibia darkened slightly in basal half; hind tibia darkened 
dorsally and ventrally in basal two thirds. Wings transparent. R2+3 long: section of C be-
tween R1 and R2+3 1.6 times longer than a projection of the following section (between 
R2+3 and R4+5). R4+5 and M1+2 nearly parallel apically. Basal section of M1+2 between r-m 
and dm-cu equal to previous section and nearly 2.0 times less than ultimate section. 
Cell bm approximately 0.5 times shorter than discal cell. Calypter light grey with fan 
of very long light setulae on margin. Halteres with yellow stem and whitish knob. 
Chaetotaxy: two small postpronotal seta, two dorsocentral seta, two notopleural setae, 
one supraalar seta, one postalar seta, one anepisternal seta, one stout apical scutellar 
seta and one short setae in front of apical ones. All setae black.

Abdomen shiny black, tergite 1 and partly 2 yellowish.
Body length 3.9 mm; wing length 3.5 mm.
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Figure 10. Strongylophthalmyia thaii L. Papp, 2006 a habitus male, lateral view b habitus female, lateral 
view c head and thorax, male, dorsal view; head, anterior view d head, male, lateral view e head, female, 
lateral view.
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