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Abstract
A new genus of Metopiinae, Ojuelos Khalaim, gen. n., with a single species, Ojuelos juachicus Khalaim & 
Ruíz-Cancino, sp. n., is described from Jalisco Province in central Mexico. Ojuelos belongs to the group 
of three genera (Cubus Townes & Townes, Colpotrochia Holmgren and Triclistus Förster) having a high 
lamella separating the antennal sockets and reaching the median ocellus (this lamella possesses a dorsal 
groove in it, just below the median ocellus), but differs from these genera primarily by 1) face and clypeus 
not convex in lateral view, 2) face separated from clypeus by a shallow transverse impression, 3) mandible 
with lower tooth very strongly reduced, 4) flagellomeres of antenna strongly transverse, and 5) dorsal cari-
nae of propodeum reduced. A portion of the key to the genera of Metopiinae is provided to distinguish 
the new genus.
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Introduction

Metopiinae is a moderately large subfamily with over 750 described extant species dis-
tributed in 25 genera (Yu et al. 2005). The subfamily is well represented in all parts of the 
World, occurs from the Arctic to the tropics, and some large genera (e.g. Exochus Graven-
horst, Metopius Panzer) are almost worldwide. Species of Metopiinae can be collected in 
various habitats but generally are most abundant in forests. All known Metopiinae are 
solitary endoparasitoits of Lepidoptera. Oviposition is into the exposed or concealed host 
larva, and emergence is always from the pupa (Townes 1971; Gauld and Sithole 2002).

Most Metopiinae species are easily recognized by their face and clypeus which 
are confluent and not separated by a groove and moderately to strongly convex in 
lateral view (except that the face of Metopius is flat and with a large shield-shaped area 
bounded by a sharp carina). Most have the upper margin of the face produced dorsally 
between the antennal insertions into a triangular flange. The body and legs are usually 
robust, the metasoma is more or less cylindrical, and the ovipositor is thin and very 
short (not projecting beyond the apex of metasoma). Some Orthocentrinae [Ortho-
centrus group of genera sensu Wahl and Gauld (1998)] have a similar structure of the 
face and clypeus (confluent and strongly convex) but these may be distinguished from 
Metopiinae primarily by the long cylindrical scape of antenna and because the upper 
edge of the face lacks the triangular interantennal projection. In addition, Orthocen-
trinae parasitize Mycetophiloidea (Diptera) (Townes 1971).

A list of Mexican Metopiinae was prepared by Ruíz-Cancino et al. (2002) and 
included only 17 species from 7 genera. Some more metopiine species and genera 
were mentioned from Mexico in the book on Costa Rican Ichneumonidae published 
in the same year by Gauld and Sithole (2002). Five new records of metopiine species 
were recently recorded from southern Mexico by González-Moreno et al. (2011), and 
a review of the Mexican species of Colpotrochia Holmgren (five species of this genus 
are recorded for the first time) and Cubus Townes & Townes was published by Khalaim 
and Ruíz-Cancino (2011). Nevertheless at present, the Mexican Metopiinae are very 
poorly studied, and only a small part of the real Mexican metopiine fauna is described. 
For comparison, the fauna of America north of Mexico comprises about 145 species 
from 19 genera (Townes and Townes 1959), and 130 species from 14 genera were re-
corded from Costa Rica (Gauld and Sithole 2002). Here a new metopiine genus with 
a new species is described from central Mexico.

Material and methods

Wing venation and morphological terms predominantly follow Gauld and Sithole 
(2002). Photographs were taken at the Zoological Institute of the Russian Academy 
of Science (St. Petersburg, Russia) with a DFC 290 digital camera attached to a Leica 
MZ16 stereomicroscope, and images were combined using Helicon Focus software. 
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Generic identification was checked through the keys to world genera of Metopiinae 
(Townes 1971), genera of America north of Mexico (Townes and Townes 1959), gen-
era of Costa Rica (Gauld and Sithole 2002) and genera of Australia (Fitton 1984). The 
only specimen of the new genus was collected on herbs in a dry area above 2200 m 
in central Mexico. The holotype of O. juachicus is deposited at the Insect Museum of 
Universidad Autónoma de Tamaulipas, Cd. Victoria, Mexico (UAT).

Results

Key to world genera of Metopiinae (modified from Gauld and Sithole 2002, 
Townes 1971)

1 Face with a large shield-shaped area bounded by a sharp carina. Tergites 1 and 
2 fused (clearly visible in lateral view). Laterotergite 1 broad .........................
 .......................................................................................... Metopius Panzer

– Face more or less convex, without a concave shield-shaped area. Tergites 1 
and 2 separated by a flexible membrane ......................................................2

2 Interantennal process of face produced dorsally into a high longitudinal la-
mella separating the antennal sockets; this lamella with a longitudinal groove 
in the dorsal surface, just below the median ocellus (Fig. 7) ........................3

– Interantennal process of face not produced dorsally as a longitudinal lamella, 
or if a weak, short lamella present, it does not have groove in the dorsal sur-
face ..................................................................Other genera of Metopiinae

3 Propleuron almost cubical in profile, resembling fore coxa in shape. Mesos-
ternal region with a pair of flattened finger-like processes projecting back-
wards over bases of mid coxae. Upper half of mesopleuron strongly inflated .
 .............................................................................Cubus Townes & Townes

– Propleuron not cubical in profile. Mesosternal region smooth or with a weak 
lamella before mid coxae, without finger-like processes. Mesopleuron laterally 
usually not strongly inflated ........................................................................4

4 Face and clypeus not especially convex in lateral view, separated by weak and 
broad transverse impression. Mandible with lower tooth strongly reduced, 
represented as a small tubercle; upper tooth large, chisel-shaped (Fig. 5). Pro-
podeum with only area posteroexterna bounded by carinae, otherwise ecari-
nate (Fig. 10). Flagellomeres of antenna very short, mid flagellomeres almost 
twice as broad as long (Fig. 2) ...............................Ojuelos Khalaim, gen. n.

– Face and clypeus moderately to very strongly convex in lateral view; clypeus 
not separated from face. Mandible with lower tooth shorter, subequal to or 
longer than upper tooth, not especially reduced, and upper tooth more or 
less pointed, not chisel-shaped. Propodeum with carinae not as above. Flagel-
lomeres of antenna more or less elongate ....................................................5
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5 First metasomal segment weakly to quite strongly tapered anteriorly, but al-
ways evenly so, thus the anterior 0.4 is not parallel sided; its spiracle near its 
anterior 0.3. Sternite 1 short, at most reaching about 0.3 of length of tergite. 
Mandible with lower tooth much shorter than upper tooth ..........................
 ........................................................................................Triclistus Foerster

– First metasomal segment petiolate anteriorly, the anterior 0.4 slender and 
parallel sided; its spiracle near, at or behind the centre. Sternite 1 long, reach-
ing more than 0.5 of length of tergite. Mandible with teeth subequal or with 
lower tooth longer than upper tooth ...................... Colpotrochia Holmgren

Ojuelos Khalaim, gen. n.
urn:lsid:zoobank.org:act:6A8BDDD3-BF85-458A-A5F4-9850741A1819
http://species-id.net/wiki/Ojuelos
Figs 1–13

Type species: Ojuelos juachicus Khalaim & Ruíz-Cancino, sp. n.
Composition. The new genus contains only the type species, O. juachicus, de-

scribed below.
Diagnosis. The new genus belongs to the group of three genera (Cubus, Colpotro-

chia and Triclistus) having a characteristic lamella separating the antennal sockets and 
reaching the median ocellus (this lamella possesses a longitudinal groove in it, just 
below the median ocellus) (Fig. 7), and can be distinguished from these genera by the 
characters given in the key above. Besides characters mentioned in the key, Ojuelos dif-
fers from Colpotrochia by the first metasomal segment not petiolate and evenly tapered 
anteriorly (Fig. 11), and lower tooth of mandible very small (Fig. 5), and from Triclis-
tus by the subgenital plate of female without a deep V-shaped invagination posteriorly 
(Fig. 13) (some species of Triclistus also have hypopygium only weakly emarginate).

Ojuelos can be distinguished from all other genera of Metopiinae by combina-
tion of the following characters: 1) frons with a medial, longitudinal lamella that 
possesses a groove in dorsal surface (Fig. 3); 2) face very weakly convex in profile and 
separated from clypeus by a weak groove; 3) first metasomal tergite in dorsal view 
gradually widening posteriorly (Fig. 11) (not petiolate as in Colpotrochia); 4) mesos-
ternum without a pair of flattened, finger-like processes projecting posteriorly over 
bases of mid coxa (projections present in Cubus); 5) propodeum lacks most carinae, 
only the area posteroexterna is bounded by carinae, whereas the longitudinal carinae 
are absent anteriorly.

Description. Fore wing length 9.5 mm, body length about 12.6 mm. Body and 
legs predominantly black, flagellum yellowish brown, wings yellow with distal margin 
broadly infuscate (Fig. 8).

Head: Mandibles stout, not twisted, with lower tooth strongly reduced (very 
small and inconspicuous) and upper tooth broad and chisel-shaped (Fig. 5). Labrum 
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exposed, short and apically truncated (Fig. 6). Malar space half as long as basal width 
of mandible. Clypeus 3.0 times as broad as high, more or less flat in lateral view, 
separated from face by weak and broad transverse impression (Fig. 5). Face and up-
per 0.8 of clypeus very densely and coarsely punctate (punctures partly merging). 
Face very weakly convex, with upper part produced dorsomedially into a triangular 
projection that extends posteriorly as a thin, longitudinal lamella between bases of 
antennae; this lamella reaching to the median ocellus, and dorsally with a conspicu-
ous groove (Fig. 7). Ocelli not enlarged. Back of head steeply declivous behind the 
posterior ocelli. Occipital carina dorsally close to foramen magnum, almost com-
plete but obliterated ventrally before hypostomal carina (Fig. 4). Hypostomal carina 
strong, raised into a high flange (Fig. 4). Flagellum of antenna rather short and 
thick; all flagellomeres, excepting three basal and one apical flagellomere, distinctly 
transverse (Fig. 2).

Mesosoma: Propleuron not enlarged. Epomia very sharp and strongly raised, 
close to anterior margin and extending upwards (Fig. 7). Notauli completely absent. 
Mesopleuron strongly inflated (lateral sides of mesopleuron conspicuously protuber-
ant in dorsal view). Epicnemial carina reaching almost margin of pleuron immediately 
below the subalar prominence, with a secondary carina extending from pleural margin 
near lower corner of pronotum, to join the subtegular ridge. Sternaulus absent. Poster-
ior transverse carina of mesopleuron present laterally and absent ventrally. Propodeum 
rather short, convex, almost ecarinate, with only area posteroexterna clearly bounded 
by carinae, and with weak and short longitudinal carina extending anteriorly from 
anterior margin of area posteroexterna (Fig. 10). Propodeal spiracle large and oval (Fig. 
10). Pleural carina between propodeum and metapleuron complete. Submetapleural 
carina complete, strongly raised anteriorly.

Wings: Fore wing with stalked rhombic areolet (Fig. 8), vein cu-a strongly incliv-
ous and distad Rs&M. Vein 2m-cu slightly S-curved, with one long bulla. Hind wing 
with distal abscissa of Cu1 distinct, meeting cu-a much closer to 1A than to M.

Legs: Robust, all femora thickened. Fore tibia without apical tooth. Hind and mid 
tibiae with two spurs; inner spur of hind tibia longer than outer spur (Fig. 12). Apical 
tarsomeres not swollen. Tarsal claws large, simple but with long hairs.

Metasoma: Tergites 1 and 2 of metasoma separated. First tergite 1.6 times as 
long as posteriorly broad (length measured from hind margin of propodeum), evenly 
tapered anteriorly in dorsal view (Fig. 11), with spiracle near its anterior 0.35 (Fig. 9); 
dorsomedian carinae virtually absent, dorsolateral carinae distinct only at base of the 
tergite, completely absent behind spiracle; sternite 1 reaching about 0.33 of length of 
tergite. Tergites 2 and 3 with neither dorsal nor dorsolateral carinae. Laterotergites 2 
and 3 narrow, separated by a sharp crease. Laterotergite 4 separated from tergite by 
weak crease only anteriorly. Subgenital plate of female roundly truncated and very 
weakly concave at apex (Fig. 13). Ovipositor thin and short, slightly upcurved, without 
dorsal subapical notch, slightly projecting beyond apex of subgenital plate (Fig. 12).

Etymology. Named after the type locality, Ojuelos de Jalisco. Gender masculine.
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Ojuelos juachicus Khalaim & Ruíz-Cancino, sp. n.
urn:lsid:zoobank.org:act:2F287E7F-CF27-4383-BDF4-3DF74EA9EB43
http://species-id.net/wiki/Ojuelos_juachicus
Figs 1–13

Description. Female.
Head: Mandibles mostly densely and coarsely punctate, very finely shagreened at 

apex. Labrum 6.3 times as long as basally broad (Fig. 6). Maxillary and labial palpi 
slender and moderately long. Clypeus with lower margin truncated (Fig. 6), smooth in 
lower 0.2. Face with weak median tubercle in its upper part. Inner eye orbits moderately 
concave at level of antennal insertions. Vertex and genae with dense and sharp punctures 
(distance between punctures mostly equal to or slightly longer than diameter of punc-
ture), smooth between punctures; punctures in lower part of genae sparser. Gena, in 
dorsal view, rounded, about as long as eye width (Fig. 3). Lateral ocellus separated from 
eye margin by distance equal to maximum diameter of ocellus. Flagellum of antenna 
with 46 flagellomeres; the basal flagellomere about 2.5 times as long as broad; flagello-
meres 4+ distinctly transverse, mid flagellomeres almost twice as broad as long (Fig. 2).

Mesosoma: Pronotum mediodorsally smooth, laterally deeply concave. Mesoscu-
tum weakly convex, posterolaterally with a sharp flange, entirely densely and sharply 
punctate, smooth between punctures. Scutoscutellar groove deep and smooth. Scutel-

Figure 1. Ojuelos juachicus Khalaim & Ruíz-Cancino, sp. n., habitus, female holotype.
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Figures 2–8. Ojuelos juachicus Khalaim & Ruíz-Cancino, sp. n. 1 antenna, dorsal view 2 head, dorsal 
view 3 head, latero-ventro-posterior view (OC – occipital carina, HC – hypostomal carina) 5 head, latero-
ventro-anterior view 6 head, frontal view 7 head and anterior part of mesosoma, dorsolateral view 8 fore 
wing, dorsal view.

lum moderately convex in lateral view, smooth, with sharp punctures and with lateral 
carinae only at its extreme base. Mesopleuron mostly densely and sharply punctate, 
smooth and impunctate only posteriorly. Propodeum dorsally polished, laterally and 
posteriorly finely punctate to coriaceous. Metapleuron smooth, in dorsoposterior 2/3 
with sparp punctures, in ventroanterior 1/3 impunctate.

Metasoma: Tergite 2, in dorsal view, slightly transverse; laterotergite 2 parallel-sid-
ed, 3.8 times as long as broad. Tergite 3 with laterotergite rather narrow and parallel-
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Figures 9–13. Ojuelos juachicus Khalaim & Ruíz-Cancino, sp. n. 9 propodeum, metapleuron and 
metasomal segments 1–2, lateral view 10 propodeum and metapleuron, lateral view 11 propodeum and 
metasomal segments 1–2, dorsal view 12 metasoma and hind leg, lateral view 13 apex of metasoma, 
latero-ventro-posterior view.

sided. Tergite 1 dorsally predominantly finely and densely punctate, smooth and shin-
ing between punctures. Tergites 2–6 dorsally mostly finely and very densely punctate, 
weakly polished between punctures. Subgenital plate finely punctate.

Coloration: Body and legs almost entirely black (Fig. 1). Flagellum yellowish 
brown with the basal and the apical flagellomeres fuscous (Fig. 2). Mouth parts 
blackish. Wings yellow with distal margin broadly infuscate, pterostigma and most 
of veins pale brown (Fig. 8). Legs predominantly black; fore leg with femur yellow-
ish brown apically, tarsus yellowish brown, partly infuscate; mid leg with femur 
apically, tibia basally and basitarsus basally yellowish brown; hind leg with tibia 
with broad subbasal yellowish brown band and basitarsus basally yellowish brown. 
Tergite 1 with broad posterior brownish yellow band; tergite 2 laterally yellowish 
brown (Fig. 11).

Male unknown.
Material examined. Holotype female, México, Zacatecas Prov., 20 km S Ojuelos 

de Jalisco, Juachí, La Papa de Arriba, 21°42.104'N, 101°36.791'W, 2275 m, sweeping, 
21.IX.2011, coll. A.I. Khalaim (UAT).

Distribution. Central Mexico (Jalisco).
Etymology. Named after the type locality, Juachí.
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Discussion

Ojuelos is a distinct member of the Metopiinae as it has a characteristic stout body and 
legs, cylindrical metasoma with short first segment, face weakly separated from clypeus 
and with the dorsally projecting triangular interantennal flange, lack of sternaulus and 
tooth on apex of fore tibia, and having a short and very slender ovipositor.

We place Ojuelos to the group of three genera, Cubus, Colpotrochia and Triclistus (all 
occur in Mexico), based on the putative synapomorphy of the interantennal lamella that 
bears a dorsal, longitudinal groove. The genus is distinguished from other genera of the 
subfamily primarily by the rather unusual structure of the head which has the face and 
clypeus only slightly convex in lateral view and separated by a weak impression. Within 
the subfamily similar head present only in two small genera, the predominantly Hol-
arctic Periope Haliday (Kusigemati 1968) and the Holarctic and Neotropical Scolomus 
Townes & Townes (= Apolophys Townes) (Gauld and Wahl 2006). Ojuelos differs from 
Periope by having a hind tibia with two robust spurs (one slender spur in Periope) and a 
strongly reduced lower tooth of the mandible, from Scolomus by having the triangular 
interantennal projection of face (in Scolomus face without triangular projection dorsal-
ly), a shorter malar space (1.2–1.8 times as long as basal width of mandible in Scolomus), 
a strongly transverse clypeus (subquadrate, about as broad as long in Scolomus), a fore 
wing with vein cu-a strongly distad Rs&M (opposite to slightly distad in Scolomus), and 
from both genera by having a reduced longitudinal carinae of the propodeum (Figs 10, 
11) (propodeum with complete medial longitudinal carinae in Periope and more or less 
developed basal and apical transverse carinae in Scolomus).
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Abstract
Two new species of Tetramorium Mayr, namely T. shivalikense sp. n. and T. triangulatum sp. n. are de-
scribed. Tetramorium triangulatum sp. n. belongs to the inglebyi-species group and is described based on 
worker, queen and male caste, while T. shivalikense sp. n. belongs to the ciliatum-species group and is 
described based on worker caste only. Three species viz., T. caldarium (Roger), T. tonganum Mayr and T. 
urbanii Bolton represent first records from India. The male caste is described for the first time in the case 
of T. tonganum. Among these, T. caldarium is a tramp species which extends its limit to India as well. A 
revised key to the Indian ants of this genus is also provided herewith.

Keywords
Tetramorium, Myrmicinae, new species, tramp species, India, key

Introduction

Tetramorium Mayr, 1855 is one of the largest genera within the tribe Tetramoriini and 
is one of the most species rich genera with 477 species (Bolton 2012). The genus has a 
worldwide distribution with varying species richness among different zoogeographical 
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regions. The greatest number of species (230) has been reported from the Afrotropical 
region, whereas there are only very few (13) known from the New World. The genus 
has a good representation in the Palaearctic, Oriental, Malagasy and Indo-Australian 
regions, although much less compared to the Afrotropical region (Hita Garcia and 
Fisher 2011). Bolton (1976, 1977, 1979, 1980 and 1985) revised this genus for most 
of the above stated regions except the Palaearctic, and noteworthy contributions for 
the Palaearctic include Steiner et al. (2005), Schlick-Steiner et al. (2006), Csösz et al. 
(2007), Csösz and Schulz (2010), Steiner et al. (2010). Other significant contributions 
to this genus dealing with revision of species groups and complexes from the Palae-
arctic, Afrotropical and Malagasy regions are Csösz et al. (2007), Csösz and Schulz 
(2010), Hita Garcia et al. (2010), Hita Garcia and Fisher (2011).

In India, the genus Tetramorium is currently represented by 30 species (Bharti 
2011). Most of the Indian species were treated by Bolton (1976, 1977) in his revision-
ary work dealing with the Oriental and Indo-Australian regions. Later, the contribu-
tions which reported new species included Mathew (1981), Sheela and Narendran 
(1998), Mathew and Tiwari (2000), and Bharti (2011) who provided a replacement 
name for T. browni Tiwari. Fourteen species out of 30 described hitherto have been re-
ported from Southern India, 3 from North-eastern India, 2 from North India, 1 from 
Central India. Five Indian species T. indicum Forel, T. obesum Andre, T. smithi Mayr, 
T. tortuosum Roger and T. walshi (Forel) have wide distribution ranges in South-East 
Asia. Five tramp species namely T. bicarinatum (Nylander), T. caespitum (Linnaeus), 
T. lanuginosum Mayr, T. pacificum Mayr, T. simillimum (Smith) are widely distributed 
in India as well. Thus, the genus is mainly known from the southern region of the 
country. During the present study two new species T. triangulatum sp. n. and T. shiva-
likense sp. n. are described from the northern part of the country. The three species T. 
caldarium (Roger), T. tonganum Mayr and T. urbanii Bolton represent first records 
from India. Moreover, T. caldarium is a well established tramp species and T. tonga-
num a probable tramp species. Male caste of T. tonganum is described for the first time.

With the addition of 5 species, the genus Tetramorium is now represented by 35 
species from India. These species are placed in the following 12 species groups except 
Tetramorium beesoni (Mukerjee) for which the group is unknown: angulinode-group: 
smithi Mayr; bicarinatum-group: bicarinatum (Nylander), indicum Forel, pacificum 
Mayr, meghalayense Bharti, petiolatum Sheela and Narendran; caespitum- group: caespi-
tum (Linnaeus); ciliatum-group: T. shivalikense sp. n.; fergusoni-group: fergusoni Forel; 
inglebyi-group: elisabethae Forel, inglebyi Forel, myops Bolton, T. triangulatum sp. n.; 
mixtum-group: mixtum Forel, rugigaster Bolton, malabarense Sheela and Narendran, 
sentosum Sheela and Narendran; obesum-group: coonoorense Forel, decamerum (Forel), 
lanuginosum Mayr, obesum Andre, rossi (Bolton); simillimum-group: simillimum 
(Smith), caldarium (Roger); tonganum-group: christiei Forel, salvatum Forel, tonganum 
Mayr, barryi Mathew; tortuosum-group: belgaense Forel, tortuosum Roger, urbanii Bol-
ton, keralense Sheela and Narendran; walshi-group: cordatum Sheela and Narendran, 
walshi (Forel). A revised key to the Indian ants of this genus is also provided herewith.
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Materials and methods

The ants were collected by pitfall traps, hand picking, soil core sampling, beating veg-
etation, and from the leaf litter with Winkler’s extractor. The digital images of these 
specimens were prepared on a Nikon SMZ-1500 stereo zoom microscope using Auto-
Montage software. Later, images were cleaned with Adobe Photoshop CS5.

Abbreviations of the type depositories are as follows: BMNH, The Natural History 
Museum, London, U.K.; PUPAC, Punjabi University Patiala Ant Collection, Patiala, 
India. Two paratypes of each, T. shivalikense sp. n. and T. triangulatum sp. n., will be 
deposited in BMNH.

Measurements and indices follow Hita Garcia and Fisher (2011): head Length 
(HL), head Width (HW), scape Length (SL), eye length (EL), pronotal width (PW), 
weber’s length (WL), propodeal spine Length (PSL), petiolar node height (PTH), 
petiolar node length (PTL), petiolar node width (PTW), postpetiole height (PPH), 
postpetiole length (PPL), postpetiole width (PPW), ocular index (OI), cephalic index 
(CI), scape index (SI), propodeal spine index (PSLI), petiolar node index (PeNI), lat-
eral petiole index (LPeI), dorsal petiole index (DPeI), postpetiolar node index (PpNI) 
= PPW/PW*100, lateral postpetiole index (LPpI), dorsal postpetiole index (DPpI), 
postpetiole index (PPI).

Results

Tetramorium shivalikense sp. n.
urn:lsid:zoobank.org:act:C846D381-9691-4465-8098-FF44357F415C
http://species-id.net/wiki/Tetramorium_shivalikense
Figs 1–3

Holotype. Worker, India, Himachal Pradesh, Terrace, 31.928591°N, 75.931342°E, 
420m alt., winkler, 11 October 2008, coll. R. Kumar, PUPAC.

Paratypes. 11(w), India, Himachal Pradesh, Terrace, 420m alt., winkler, 11 Oc-
tober 2008; 1(w), India, Punjab, Dharampur, 450m alt., beating, 14 October 2008; 
18(w), India, Himachal Pradesh, Siholi, 550m alt., winkler, 19 October 2008; 1(w), 
India, Himachal Pradesh, Terrace, 420m alt., winkler, 25 May 2009; 1(w), India, 
Uttarakhand, Dehradun, Selaqui, 650m alt., 9 August 2009, winkler; 50(w), India, 
Uttarakhand, Dehradun, Forest Research Institute, 640m alt., hand picking, 14 Au-
gust 2009; 1(w), India, Uttarakhand, Dehradun, Forest Research Institute, 640m alt., 
winkler, 17 August 2009; 1(w), India, Himachal Pradesh, Terrace, 420m alt., pitfall 
trap, 24 September 2009; 4(w), India, Himachal Pradesh, Ghati, 450m alt., winkler, 
27 September 2009; 2(w), India, Himachal Pradesh, Chanaur, 600m alt., winkler, 3 
October 2009; 2(w), India, Himachal Pradesh, Andretta, 940m alt., winkler, 11June 
2010; 8(w), India, Himachal Pradesh, Palampur, 1140m alt., winkler, 14 June 2010; 
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1(w), India, Himachal Pradesh, Dattal, 940m alt., winkler, 16 June 2010; coll. R. 
Kumar; PUPAC and two paratypes will be deposited in BMNH.

Worker description. Measurements: Holotype worker. HL 0.56, HW 0.52, SL 
0.34, EL 0.13, WL 0.60, PW 0.38, PSL 0.13, PTL 0.14, PPL 0.19, PTW 0.20, PPW 
0.23, PTH 0.20, PPH 0.20, CI 92.86, OI 25.00, SI 65.38, PSLI 23.21, PeNI 52.63, 
LPeI 70.00, DPeI 142.86, PpNI 60.53, LPpI 95.00, DPpI 121.05, PPI 115.00.

Paratype workers. HL 0.56-0.62, HW 0.52-0.56, SL 0.34-0.35, EL 0.13-0.14, 
WL 0.60-0.67, PW 0.38-0.42, PSL 0.13-0.14, PTL 0.13-0.14, PPL 0.19-0.23, PTW 
0.20-0.23, PPW 0.23-0.25, PTH 0.20-0.21, PPH 0.20-0.21, CI 89.83-92.86, OI 
24.53-25.00, SI 62.50-66.04, PSLI 22.03-23.21, PeNI 51.22-54.76, LPeI 61.90-
70.00, DPeI 142.86-164.29, PpNI 59.52-60.98, LPpI 95.00-109.52, DPpI 108.70-
125.00, PPI 108.70-119.05 (10 measured).

Figures 1–3. Tetramorium shivalikense sp. n., Worker: 1 Head, full-face view 2 Body, lateral view 
3 Body, dorsal view.
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Head slightly longer than broad, sides almost straight with rounded posterolateral 
corners, slightly broader posteriorly than anteriorly; posterior head margin straight 
with shallow median notch; clypeus convex with steep apical half; anterior margin of 
clypeus entire without median notch; anterior margin of clypeus with a narrow trans-
verse plate-like fringe and having convex anterior margin; mandibles triangular, mas-
ticatory margin of mandibles with large apical and preapical tooth; third tooth slightly 
smaller than the preapical tooth followed by 3–4 denticles; frontal lobes weakly devel-
oped and elevated laterally, frontal area indistinct; antennal scrobes shallow and broad; 
eye moderate in size, located laterally and at mid-length of head, composed of ca. 
35–36 ommatidia; antennae slender, 12-segmented; scape short from posterior head 
margin by one fourth of its length; mesosoma slightly longer than head, broader an-
teriorly than posteriorly, dorsum convex; pro-mesonotal suture and metanotal groove 
indistinct; propodeal spine longer (PSL 0.13–0.14mm), acute, divergent, with tips 
upcurved; propodeal lobes roughly broadly triangular and acute; posterior declivity of 
propodeum short, concave; petiole with a short peduncle, node slightly broader than 
long in dorsal view; base of node longer than dorsal face in lateral view, weakly con-
vex dorsum in lateral view; ventrally petiole downcurved along its length; postpetiole 
broader than long; base of first gastral tergite weakly concave behind the postpetiole, 
anterolateral corners rounded and not projecting forward as a pair of blunt teeth or 
horns which go round the sides of the posterior portion of the postpetiole, gaster oval.

Head longitudinally rugose with few cross-meshes up to vertex, posteriorly reticulate-
rugose, interrugal space punctured and shiny; frontal carinae strongly developed and some-
what short to reach posterior head corners; mandibles longitudinally rugulose and inter-
rugal space smooth and shiny; clypeus with a strong median carina continued to vertex 
and two weak lateral carinae; dorsum of mesosoma reticulate-rugose; sides of mesosoma 
rugo-reticulate but weaker sculptured than dorsum; dorsum of node with an unsculptured 
median longitudinal strip and sides with weak rugosity; dorsum of postpetiole smooth and 
shiny, sides with weak rugosity; propodeal declivity, gaster and legs smooth and shiny.

Body darker brown in most specimens and few specimens yellowish brown; Whole 
body covered with abundant, long, erect and short subdecumbent pilosity; antennal 
scapes and hind tibiae with short suberect hairs.

Etymology. The specific epithet refers to the collection area.
Ecology. This new species is widespread in the Shivalik range of the north-western 

Himalaya and was collected from soil and leaf litter.
Remarks. This new species belongs to the ciliatum- species group (Bolton 1977) 

which is distributed in the Oriental and Indo-Australian regions. The characteristics 
of this group are: antennae 12-segmented, sting appendage triangular or dentiform, 
anterior clypeal margin entire and not notched or indented medially, frontal carinae 
extending well beyond the level of the posterior margins of the eyes, propodeal spines 
long and usually strongly developed, never downcurved along their length, anterolat-
eral gastral corners not projecting forward as a pair of blunt teeth or horns which go 
round the sides of the posterior portion of the postpetiole.
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Tetramorium shivalikense sp. n. is somewhat allied to T. zypidum Bolton. How-
ever, it can be easily distinguished from T. zypidum by the following combination 
of characters: anterior margin of clypeus is entire and convex, petiolar node slightly 
broader than long in dorsal view while in T. zypidum the anterior clypeal margin is 
shallowly impressed medially and the petiolar node significantly longer than broad. 
Other significant characters of T. shivalikense sp. n. which differentiate it from T. 
zypidum include eyes located laterally at mid-length of the head, propodeal lobes 
broadly triangular and acute, SI 62.50-66.04, sides of postpetiole with weak rugo-
sity, frontal carinae strongly developed and somewhat short to reach posterior head 
corners. In T. zypidum the eyes are situated in front of the middle of the sides of the 
head, the propodeal lobes narrowly triangular and acute, SI 69.00–75.00, sides of 
postpetiole smooth, and the frontal carinae extend to the posterior head corners and 
are weak behind the level of the eyes.

Tetramorium triangulatum sp. n.
urn:lsid:zoobank.org:act:8552E147-02EF-4E82-B8FE-F95A80A2694D
http://species-id.net/wiki/Tetramorium_triangulatum
Figs 4–12

Holotype. Worker, India, Himachal Pradesh, Andretta, 32.036638°N, 76.566532°E, 
940m alt., soil core, 19 June 2010, coll. R. Kumar, PUPAC.

Paratypes. 15(q), India, Punjab, Patiala, 250m alt., soil core, 13 July 1999, coll. 
H. Bharti; 25(m), India, Punjab, Patiala, 250m alt., soil core, 13 July 1999, coll. H. 
Bharti; 1(w), India, Uttarakhand, Assan Barrage, 440m alt., soil core, 10 May 2009, 
coll. R. Kumar; 46(w), India, Himachal Pradesh, Andretta, 940m alt., soil core, 19 
June 2010, coll. R. Kumar; 7(m), India, Himachal Pradesh, Andretta, 940m alt., 
soil core, 19 June 2010, coll. R. Kumar; 10(q), India, Himachal Pradesh, Andretta, 
940m alt., soil core, 19 June 2010; coll. R. Kumar; PUPAC and two paratype will 
be deposited in BMNH.

Worker description. Measurements. Holotype worker. HL 0.60, HW 0.52, SL 
0.38, EL 0.03, WL 0.63, PW 0.37, PSL 0.07, PTL 0.14, PPL 0.20, PTW 0.19, PPW 
0.21, PTH 0.21, PPH 0.19, CI 86.67, OI 5.77, SI 73.08, PSLI 11.67, PeNI 51.35, 
LPeI 66.67, DPeI 135.71, PpNI 56.76, LPpI 105.26, DPpI 105.00, PPI 110.53.

Paratype workers. HL 0.53-0.60, HW 0.45-0.52, SL 0.32-0.38, EL 0.03, WL 
0.57-0.63, PW 0.31-0.37, PSL 0.07, PTL 0.12-0.14, PPL 0.17-0.20, PTW 0.16-
0.19, PPW 0.19-0.21, PTH 0.19-0.21, PPH 0.16-0.19, CI 84.91-86.67, OI 5.77-
6.67, SI 71.11-75.00, PSLI 11.67-13.21, PeNI 50.00-51.61, LPeI 63.16-70.00, DPeI 
121.43-135.71, PpNI 56.76-61.76, LPpI 89.47-106.25, DPpI 105.00-123.53, PPI 
110.53-123.53 (8 measured).

Head longer than broad, sides weakly convex or almost straight with rounded 
posterolateral corners, broader posteriorly than anteriorly; posterior head margin 
straight; clypeus convex with steep apical half; anterior margin of clypeus with a nar-
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row transverse plate like fringe and somewhat impressed medially; mandibles trian-
gular with 7 teeth, masticatory margin of mandibles with large apical and preapical 
tooth; third tooth slightly smaller than the preapical tooth followed by 4 denticles; 
frontal lobes weakly developed, frontal area indistinct; antennal scrobes absent; eye 
small in size, located laterally and below mid-length of head, composed of single 
ommatidium; antennae slender, 12-segmented; scape not reach to posterior head 
margin and 0.63× head length; mesosoma slightly longer than head, broader ante-
riorly than posteriorly, dorsum flat, tapering backwards; pro-mesonotal suture and 
metanotal groove indistinct; propodeal spine short (PSL 0.07mm), triangular, acute, 
divergent and slightly longer than propodeal lobes; propodeal lobes triangular and 
acute; posterior declivity of propodeum short, concave; petiolar node as broad as 
long in dorsal view; weakly convex dorsum in lateral view; peduncle short, with a 

Figures 4–6. Tetramorium triangulatum sp. n., Worker: 4 Head, full-face view 5 Body, lateral view 
6 Body, dorsal view.
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large, straight lamella ventrally; postpetiole broader than long, base of first gastral 
tergite concave behind the postpetiole, anterolateral corners prominent and project-
ing forward as a pair of blunt teeth or horns which go round the sides of the poste-
rior portion of the postpetiole, gaster oval.

Head longitudinally rugulose, interrugal space somewhat granular, punctured and 
shiny; frontal carinae very short, ending in front of the level of the eyes; mandibles 
longitudinally rugulose and finely punctured; clypeus longitudinally carinate and these 
carinae continued to head sculpture; dorsum of mesosoma longitudinally rugulose 
and interrugal space somewhat granular, punctured; sides of mesosoma finely rugo-
reticulate; petiole and postpetiole mostly smooth with traces of rugosity; propodeal de-
clivity with traces of fine transverse rugosity, base of first gastral tergite longitudinally 
rugulose; legs smooth except coxae faintly punctured.

Figures 7–9. Tetramorium triangulatum sp. n., Queen: 7 Head, full-face view 8 Body, lateral view 
9  Body, dorsal view.
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Body yellowish brown; whole body covered with long and short, erect and su-
berect pilosity; antennal scapes and hind tibiae with short suberect hairs.

Queen description. Measurements. HL 0.67-0.71, HW 0.62-0.63, SL 0.42-0.44, 
EL 0.17-0.19, WL 0.94-0.98, PW 0.57-0.59, PSL 0.13-0.14, PTL 0.14-0.19, PPL 
0.24-0.25, PTW 0.23-0.27, PPW 0.30-0.32, PTH 0.28-0.30, PPH 0.27-0.30, CI 
88.73-92.54, OI 26.98-30.16, SI 67.74-69.84, PSLI 18.31-19.72, PeNI 38.98-45.76, 
LPeI 50.00-63.33, DPeI 135.29-171.43, PpNI 50.85-54.24, LPpI 83.33-88.89, DPpI 
125.00-128.00, PPI 118.52-130.43 (3 measured).

Similar to the worker in structure, sculpture and pilosity except the following char-
acters (besides characters related to wings): eyes large in size, head with three ocelli.

Male description. Measurements. HL 0.50-0.52, HW 0.46-0.48, SL 0.23-0.24, EL 
0.23, WL 1.02-1.05, PW 0.66-0.69, PTL 0.14-0.16, PPL 0.21-0.24, PTW 0.21-0.23, 
PPW 0.27-0.28, PTH 0.23-0.24, PPH 0.23-0.25, CI 92.00-92.31, OI 47.92-50.00, SI 

Figures 10–12. Tetramorium triangulatum sp. n., Male: 10 Head, full-face view 11 Body, lateral view 
12 Body, dorsal view.
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50.00, PeNI 31.82-34.33, LPeI 58.33-69.57, DPeI 131.25-164.29, PpNI 39.13-42.42, 
LPpI 84.00-104.35, DPpI 112.50-133.33, PPI 117.39-133.33 (3 measured).

Head slightly longer than broad, sides convex, posterior head margin convex, with 
three ocelli; mandibles with well developed 5 pointed teeth but in few specimens large 
apical teeth followed by series of denticles; clypeus convex and its anterior margin 
entire, convex with a narrow transverse plate like fringe and not impressed medially; 
frontal lobes reduced; antennae 10-segmented; scape short and not reach to posterior 
head margin and almost 0.46× times head length; apical segment longer and twice of 
preapical segment, followed by 4 segments as long as broad; then followed by a seg-
ment slightly longer than broad; antennal segment attached to pedicel much longer 
and almost equal to apical segment which then followed by a small segment (smaller 
than all flagellar segments); antennal scrobes absent; eyes large, convex, situated laterally 
and more towards lower half of head; pronotum broader than head with rounded ante-
rior lateral angles; mesoscutum and mesoscutellum flat; propodeal dorsal face flat and 
oblique with vertical declivitous part; propodeal spines absent; propodeal lobes almost 
rounded; petiole longer, almost 1.4× times its width, with a ventral lamella along its 
entire length; Postpetiole broader than long; gaster convex, elongate, oval; longer legs.

Head and clypeus longitudinally rugulose and spaces between them punctured; 
mandibles punctured, frontal carinae continued to the posterior ocelli; dorsum and 
sides of mesosoma smooth and shiny except propodeum; propodeum finely longitu-
dinally rugulose and punctured; node of petiole, postpetiole, gaster and legs smooth 
and shiny except few trace of sculpture on sides of node of petiole; wings transparent.

Body yellowish brown with 1st gastral tergite much darker and area of ocelli black-
ish; body covered with short and long suberect pilosity.

Etymology. The specific epithet refers to the triangular propodeal spines.
Ecology. This species is uncommon in the Shivalik range of the north-western 

Himalaya and was collected from soil.
Remarks. Tetramorium triangulatum sp. n. belongs to the inglebyi-species group 

(Bolton 1977) which is apparently restricted to India and is easily characterized by 
antennae 12-segmented, appendage of sting triangular or dentiform, frontal carinae 
absent or very short, not reaching the level of the anterior margin of the eyes, eyes 
small, reduced to a single ommatidium in myops, antennal scrobes absent, base of first 
gastral tergite strongly concave in dorsal view, the anterolateral angles of the sclerite 
angular, produced as a short tubercles or tooth on each side of the posterolateral 
corners of the postpetiole.

This new species is close to Tetramorium myops Bolton as both species possess short 
frontal carinae, minute eyes, peduncle with ventral lamella and an medially impressed 
anterior clypeal margin. However, this new species can be easily distinguished from 
T. myops by the following combination of characters: T. triangulatum sp. n. has short 
propodeal spines (PSL 0.07mm), triangular and divergent, peduncle with a large and 
straight lamella ventrally, dorsum of mesosoma longitudinally rugulose, base of first 
gastral tergite longitudinally rugulose, while in case of T. myops the propodeal spines 
are long and upcurved along their length, the peduncle with a large rounded and 
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convex lamella ventrally, dorsum of mesosoma with longitudinal rugulae and reticula-
tion, base of first gastral tergite with vestiges of superficial sculpture. Some of the other 
significant characters of T. triangulatum sp. n. which differentiate it from T. myops 
are: head broader posteriorly with straight sides and SI 71.11-75.00 versus head with 
convex sides and SI 77.00-83.00 in T. myops.

Tetramorium caldarium (Roger, 1857), new record from India
http://species-id.net/wiki/Tetramorium_caldarium
Figs 13–15

Material examined. 11(w), India, Punjab, Patiala, 250m alt., hand picking, 07 April 
2011, coll. R. Kumar, PUPAC.

Worker description. Measurements (worker). HL 0.63-0.64, HW 0.53-0.56, SL 
0.42-0.45, EL 0.12-0.13, WL 0.66-0.69, PW 0.37-0.38, PSL 0.03-0.05, PTL 0.13-
0.14, PPL 0.18-0.20, PTW 0.18-0.19, PPW 0.21-0.23, PTH 0.20-0.21, PPH 0.18-
0.19, CI 84.13-87.50, OI 21.82-23.21, SI 76.36-83.02, PSLI 4.76-7.94, PeNI 47.37-
51.35, LPeI 61.90-70.00, DPeI 128.57-146.15, PpNI 55.26-62.16, LPpI 94.74-
105.56, DPpI 110.53-127.78, PPI 116.67-121.05 (9 measured).

Head longer than broad, sides almost straight, posterolateral corners rounded, pos-
terior head margin shallowly emarginated; clypeus consisting of flat basal half and steep 
apical half; anterior margin of clypeus entire without median notch; mandibles triangular, 
with 6 teeth, masticatory margin of mandibles with large apical and preapical tooth; third 
tooth slightly smaller than the preapical tooth followed by three denticles; frontal lobes 
weakly developed and elevated laterally, frontal area indistinct; antennal scrobes feeble, 
indistinct, very little concave and not bordered posteriorly; eye moderate in size, located 
laterally and almost at mid-length of head, composed of ca. 8 ommatidia in a series along 
its maximum length; antennae slender, 12-segmented; scape short from posterior head 
margin by one fourth of its length; mesosoma longer than head, broader anteriorly than 
posteriorly, dorsum flat and tapers to backward in lateral view; pro-mesonotal suture and 
metanotal groove indistinct; propodeal teeth small (PSL 0.03-0.05mm), acute, triangular 
almost equal to its width and propodeal lobes; propodeal lobes broad and roughly trian-
gular in shape; posterior declivity of propodeum short, concave; petiole with a short pe-
duncle, its node as broad as long with anterior and posterior faces parallel, weakly convex 
dorsum in lateral view; ventrally petiole weakly downcurved along its length; peduncle 
with a small anteroventral lamella; postpetiole broader than long, gaster oval.

Head feebly longitudinally rugose, interrugal space weakly granular or punctulate; 
frontal carinae feeble and developed to the level of the midlength of the eye behind 
which fade out or broken; mandibles weakly longitudinally rugulose; clypeus with a 
strong mid and two lateral carinae; dorsum of mesosoma weakly granular or punctu-
late with traces of rugulose sculpture; sides of mesosoma reticulate; petiole and postpe-
tiole faintly rugulose and punctulate; propodeal declivity reticulate, upper half finely 
transversely rugulose, gaster unsculptured; legs smooth and shiny.
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Whole body yellowish brown with gaster darker brown; body with short, erect, 
stiff, blunt hairs and few scattered pubescence on gaster; antennal scapes and hind 
tibiae with very short, fine, appressed pubescence.

Remarks. Being tramp, it was collected from a disturbed area with high anthro-
pogenic activities. It is widely distributed in the tropics and subtropics, associated with 
man and living in hothouses, zoos or other constantly heated buildings (Bolton 1980). 
It is uncommon in India and has been reported for the first time from India. It belongs 
to simillimum- species group (Bolton 1980, Hita Garcia and Fisher 2011) and is very 
close to T. simillimum (Smith). From the latter, it can be distinguished by the following 

Figures 13–15. Tetramorium caldarium (Roger), Worker: 13 Head, full-face view 14 Body, lateral view 
15 Body, dorsal view.
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combination of characters: frontal carinae developed to the level of the midlength of the 
eyes behind which they become very weak or broken, or gradually fade out posteriorly, 
ground sculpture of head is feeble with surfaces dully shiny; antennal scrobes vestigial.

Tetramorium tonganum Mayr, 1870, new record from India
http://species-id.net/wiki/Tetramorium_tonganum
Figs 16–24

Material examined. 1(w), India, Himachal Pradesh, Lwasa, 1200m alt., soil core, 07 
May 2009; 1(w), India, Uttarakhand, Dehradun, Forest Research Institute, 640m alt., 
soil core, 17 August 2009; 14(w), India, Himachal Pradesh, Baijnath, 1000m alt., soil 
core, 17 June 2010; 8(m), India, Himachal Pradesh, Baijnath, 1000m alt., soil core, 17 
June 2010; 13(q), India, Himachal Pradesh, Baijnath, 1000m alt., soil core, 17 June 
2010; 3(q), India, Himachal Pradesh, Andretta, 940m alt., soil core, 20 June 2010; 
8(m), India, Himachal Pradesh, Andretta, 940m alt., soil core, 20 June 2010; 28(w), 
India, Himachal Pradesh, Andretta, 940m alt., soil core, 20 June 2010; 14(w), India, 
Mandi, Himachal Pradesh, 800m alt., soil core, 27 June 2010; coll. R.Kumar; PUPAC.

Worker description. Measurements (worker).HL 0.62-0.66, HW 0.56-0.60, SL 
0.46-0.48, EL 0.14, WL 0.69-0.75, PW 0.42-0.46, PSL 0.07-0.10, PTL 0.16-0.17, 
PPL 0.20-0.23, PTW 0.21-0.26, PPW 0.23-0.26, PTH 0.20-0.21, PPH 0.20-0.23, 
CI 90.32-92.19, OI 23.33-25.00, SI 76.67-85.71, PSLI 11.29-15.63, PeNI 50.00-
56.52, LPeI 80.00-85.00, DPeI 131.25-152.94, PpNI 52.27-56.52, LPpI 86.96-
115.00, DPpI 100.00-130.00, PPI 100.00-109.52 (7 measured).

Head slightly longer than broad, sides almost straight with rounded posterolateral 
corners, slightly broader posteriorly than anteriorly; posterior head margin straight with 
shallow median notch; clypeus convex with steep apical half; anterior margin of cl-
ypeus entire without median notch; anterior margin of clypeus with a narrow transverse 
plate like fringe and having convex anterior margin; mandibles triangular, masticatory 
margin of mandibles with 7 teeth, large apical and preapical teeth; third tooth slightly 
smaller than the preapical tooth, fourth tooth smaller than the following teeths; frontal 
lobes weakly developed and slightly elevated laterally, frontal area distinct; antennal 
scrobes shallow; eye moderate in size, located laterally and almost at mid-length of 
head, composed of ca. 38-40 ommatidia; antennae slender, 12-segmented; scape long 
and just fail to reach posterior head margin; mesosoma longer than head, broader an-
teriorly than posteriorly, dorsum convex; pro-mesonotal suture and metanotal groove 
indistinct; propodeal spine longer (PSL 0.07-0.10mm) than propodeal lobes, acute, 
divergent, directed upwards; propodeal lobes broadly triangular; posterior declivity of 
propodeum short, concave; petiole with a long peduncle, node subglobular in dorsal 
view; ventrally petiole downcurved along its length, peduncle with an antero-ventral 
minute blunt teeth; petiole and postpetiole almost equally broader; gaster oval.

Head longitudinally rugose with few cross-meshes upto vertex, posteriorly reticu-
late, interrugal space punctured and shiny; frontal carinae more conspicuous than oth-
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er cephalic sculpture and reaching to posterior head margin; mandibles longitudinally 
rugulose; clypeus longitudinally rugulose; dorsum and sides of mesosoma reticulate-
rugulose; petiolar node with weak rugosity; postpetiole unsculptured; propodeal de-
clivity and gaster smooth and shiny, legs smooth except coxae with punctures.

Body yellowish brown while gaster somewhat darker; body covered with suberect 
abundant hairs of varying length; antennal scapes and hind tibiae with decumbent 
short pubescence.

Queen description. Measurements (queen). HL 0.69-0.70, HW 0.64-0.66, SL 
0.50-0.52, EL 0.20-0.21, WL 1.00-1.02, PW 0.64-0.66, PSL 0.12-0.13, PTL 0.16-
0.17, PPL 0.27-0.28, PTW 0.31-0.32, PPW 0.31-0.32, PTH 0.27, PPH 0.27-0.28, 
CI 92.75-94.29, OI 30.77-31.82, SI 78.13-80.00, PSLI 17.14-18.84, PeNI 48.44-

Figures 16–18. Tetramorium tonganum Mayr, Worker: 16 Head, full-face view 17 Body, lateral view 
18 Body, dorsal view.
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48.48, LPeI 59.26-62.96, DPeI 182.35-193.75, PpNI 48.44-50.00, LPpI 96.43-
103.70, DPpI 114.29-114.81, PPI 100-103.23 (3 measured).

Similar to the worker in structure, sculpture and pilosity except the following 
characters (besides characters related to wings ): eyes large in size and with ca.10-12 
ommatidia in a series along its maximum length, head with three ocelli, dorsum of 
mesosoma flat, propodeal spines slightly longer, petiolar node transverse, broad, pro-
notum reticulate; mesoscutum, mesoscutellum, anepisternum and sides of propodeum 
longitudinally rugulose; katepisternum smooth, base of propodeum transversally ru-
gulose; petiolar node rugo-reticulate; postpetiole smooth with traces of sculpture on 
sides, coxae with faint transverse rugulae.

Male description. Measurements. HL 0.55-0.56, HW 0.52-0.53, SL 0.27-0.30, 
EL 0.28-0.31, WL 1.07-1.12, PW 0.69-0.74, PTL 0.16-0.19, PPL 0.25-0.27, PTW 
0.24-0.27, PPW 0.25-0.28, PTH 0.20-0.21, PPH 0.23-0.27, CI 92.86-94.64, OI 

Figures 19–21. Tetramorium tonganum Mayr, Queen: 19 Head, full-face view; 20 Body, lateral view 
21 Body, dorsal view.
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53.85-59.62, SI 51.92-56.60, PeNI 34.78-36.99, LPeI 80.00-95.00, DPeI 142.11-
158.82, PpNI 36.23-38.36, LPpI 100.00-117.39, DPpI 92.59-112.00, PPI 103.70-
104.17 (3 measured).

Head slightly longer than broad, sides convex, posterior head margin straight 
or weakly convex, with three ocelli; mandibles with well developed 6 pointed teeth; 
apical tooth large followed by 5 short teeth; clypeus convex and its anterior margin 
entire, convex with a narrow transverse plate like fringe and not impressed medially; 
frontal lobes reduced; antennae 9-segmented; scape short and not reach to poste-
rior head margin and almost 0.5x times head length; apical segment longer and 
more than twice of preapical segment; second flagellar segment longer than scape 
(0.34mm); antennal scrobes absent; eyes large, convex, situated laterally and more 
towards lower half of head; pronotum broader than head with rounded anterior 
lateral angles; mesoscutum convex and mesoscutellum flat; propodeal dorsal face 
flat and oblique with vertical declivitous part; propodeal spines absent; propodeal 
lobes almost rounded; petiole longer, almost 1.4× times its width, petiolar node 

Figures 22–24. Tetramorium tonganum Mayr, Male: 22 Head, full-face view; 23 Body, lateral view 
24 Body, dorsal view.
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subglobular and medially sulcate shallowly; Postpetiole slightly broader than long; 
gaster convex, broadly oval; longer legs.

Head and clypeus longitudinally rugulose and spaces between them punctured; 
mandibles smooth with traces of sculpture, frontal carinae continued to the each 
side of anterior ocellus; dorsum and sides of mesosoma mostly smooth with traces 
of sculpture and shiny except propodeum; propodeum finely longitudinally rugulose 
and punctured; node of petiole longitudinally rugulose except median sulcate region; 
postpetiole, gaster and legs smooth and shiny; wings transparent.

Body yellowish brown except 1st gastral tergite brownish and area between ocelli 
blackish; body covered with short and long suberect pilosity.

Remarks. This species has been found to be widespread in the Shivalik range of 
the north-western Himalaya and represents a new record for India. Its male caste has 
been described for the first time. This species belongs to the tonganum-species group 
(Bolton 1977) and resembles T. difficile Bolton. It can be distinguished from the latter 
due to larger size, relatively longer antennal scape, longer legs, broadly rounded prono-
tal corners and propodeum with long spine.

Tetramorium urbanii Bolton, 1977
http://species-id.net/wiki/Tetramorium_urbanii
Figs 25–27

Material examined. 2(w), India, Shillong, 20 May 2003, hand picking, coll. H. Bharti.
Worker description. Measurements (worker). HL 0.85-0.87, HW 0.74- 0.75, SL 

0.70, EL 0.16, WL 1.05, PW 0.60, PSL 0.06, PTL 0.28-0.30, PPL 0.32-0.34, PTW 
0.28, PPW 0.35-0.36, PTH 0.32-0.34, PPH 0.35, CI 85.06-88.24, OI 21.33-21.62, SI 
93.33-94.59, PSLI 6.90-7.06, PeNI 46.67, LPeI 82.35-93.75, DPeI 93.33-100.00, PpNI 
58.33-60.00, LPpI 91.43-97.14, DPpI 105.88-109.38, PPI 125.00-128.57 (2 measured).

Head longer than broad, sides almost straight, rounded posterolateral corners, 
posterior head margin straight, very feebly indented medially; clypeus consisting of 
slightly convex basal half and steep apical half, without anteromedian indentation; 
anterior margin of clypeus with a narrow transverse plate like fringe and having 
convex anterior margin; mandibles triangular, with 7 teeth, masticatory margin of 
mandibles with large apical and preapical tooth; third tooth slightly smaller than 
the preapical tooth followed by four denticles; frontal lobes weakly developed and 
elevated laterally; frontal area deep, forming concavity behind clypeus, broader than 
long; antennal scrobe distinct, strongly margined dorsally by the frontal carina; eye 
moderate in size, located laterally and at mid-length of head, composed of ca. 9-10 
ommatidia in a series along its maximum length; antennae slender, 11-segmented; 
scape reaching to posterolateral corners of head; mesosoma longer than head, broader 
anteriorly than posteriorly, dorsum convex in lateral view; pro-mesonotal suture and 
metanotal groove indistinct; propodeal teeth small (PSL 0.06mm), triangular, almost 
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equal to its width and propodeal lobes; propodeal lobes narrowly rounded; posterior 
declivity of propodeum short, slightly concave, separated from dorsum by a strong 
transverse carina; petiole with a short peduncle, its node longer than broad with 
convex dorsum, broader behind than front; ventrally petiole downcurved along its 
length; postpetiole slightly broader than long, gaster oval.

Head longitudinally rugose with few cross meshes; interrugal space punctured and 
somewhat shiny; frontal carinae strongly developed, almost straight, divergent at eye 
level, running back almost to the posterior head margin; antennal scrobes feebly sculp-
tured; mandibles longitudinally striate; clypeus longitudinally rugulose; promesonotal 
dorsum mostly unsculptured smooth and shiny with traces of rugulose sculpture to-
wards the sides and posteriorly; propodeum reticulate, sides of mesosoma longitudi-
nally rugulose; petiole and postpetiole longitudinally rugulose; propodeal declivity and 
gaster smooth and shiny; legs smooth.

Figures 25–27. Tetramorium urbanii Bolton, Worker: 25 Head, full-face view; 26 Body, lateral view 
27 Body, dorsal view.
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Whole body blackish brown except mandibles, antennae and legs yellowish brown. 
Whole body covered with abundant, long, erect and short subdecumbent pilosity; an-
tennal scapes and hind tibiae with short subdecumbent hairs.

Remarks. T. urbanii belongs to the tortuosum- group (Bolton 1977). It has very 
short propodeal spines and moderately long scapes, these characters clearly separate it 
from the rest of the tortuosum- group species. This species was earlier reported from 
Bhutan and represents a first record from India.

Key to the Indian species of Tetramorium based on the worker caste (modified 
from Bolton 1976 and 1977)

1 The species with numerous branched hairs (bifid, trifid or quadrifid and in a 
few species a mixture of two or more of these may be present) ....................2

– The species with only simple hairs ...............................................................9
2 Antennae with 10 segments, propodeum unarmed ........ decamerum (Forel)
– Antennae with 12 segments, propodeum with a pair of spines or teeth .......3
3 Gaster cordate (heart) in shape ................. cordatum Sheela and Narendran
– Gaster non cordate ......................................................................................4
4 Basal one-quarter to two-thirds of first gastral tergite distinctly sculptured 

with striation, puncturation or a combination of both; node of petiole in dor-
sal view strongly antero-posteriorly compressed, transverse, distinctly broader 
than long  .................................................................... walshi (Forel) (part)

– Basal portion of first gastral tergite not sculptured, the entire sclerite smooth 
and shiny; node of petiole variable in shape ................................................5

5 Node of petiole in dorsal view strongly antero-posteriorly compressed, trans-
verse, distinctly broader than long ................................ walshi (Forel) (part)

– Node of petiole in dorsal view not antero-posteriorly compressed, not trans-
verse, generally as long as broad or very slightly broader than long ..............6

6 Dorsal surface of hind tibiae viewed from in front or behind with abundant 
short, curved hairs of approximately uniform length which are much shorter 
than the maximum tibial width; these hairs characteristically forming a close 
mat above the tibial surface. Antennal scrobes vestigial, without an acute dor-
sal margin ...............................................................................rossi (Bolton)

– Dorsal surface of hind tibiae viewed from in front or behind with numer-
ous long hairs of varying length, the longest of them at least subequal to the 
maximum tibial width; these hairs never forming a close mat above the tibial 
surface. Antennal scrobes developed with a marked dorsal margin ..............7

7 First gastral tergite with all hairs simple............................ coonoorense Forel
– First gastral tergite with at least a few bifid or trifid hairs present ................8
8 Mandibles smooth with scattered punctures, not longitudinally striate; HW 

0.76–0.82mm; first gastral tergite with trifid hairs on basal half ..........................
 .....................................................................................................obesum Andre
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– Mandibles longitudinally striate, the striation sometimes indistinct or absent in 
small specimens; HW 0.52–0.70mm; first gastral tergite basally with a mixture of 
simple and bifid hairs, trifid hairs usually completely absent .................................
 ................................................................................................. lanuginosum Mayr

9 Antennae with 11 segments ......................................................................10
– Antennae with 12 segments ......................................................................14
10 Mandibles smooth with scattered pits, not striate. Small species, SL 0.42-

0.46mm.  .................................................................................. smithi Mayr
– Mandibles longitudinally striate; usually this sculpture coarse and distinct but 

if faint then species much larger, SL 0.58mm ............................................11
11 Propodeum armed with a pair of short triangular teeth which are only slightly 

longer than their basal width and only marginally longer than the propodeal 
lobes .................................................................................... urbanii Bolton

– Propodeum armed with a pair of long spines which are much longer than 
their basal width and considerably longer than the propodeal lobes ..........12

12 Postpetiole punctulate propodeal lobes rounded, not acute at apex  ..............
 ................................................................. keralense Sheela and Narendran

– Dorsum of postpetiole unsculptured, smooth and shiny, propodeal lobes tri-
angular and acute  .....................................................................................13

13 Dorsal mesosoma with rugulae tending to be effaced and replaced by shiny areas, 
HL 0.82–0.92mm, HW 0.78–0.86mm, SL 0.70–0.80mm, postpetiole unsculp-
tured; entire body uniform dark brown or blackish brown ......tortuosum Roger

– Dorsal mesosoma reticulate rugose, HL 0.74–0.80mm, HW 0.66–0.70mm, 
SL 0.58–0.64mm, sides of postpetiole with rugulose sculpture; colour light 
brown with gaster darker than head and mesosoma  .............belgaense Forel

14 Species larger in size, body total length 5-6mm ..............beesoni (Mukerjee)
– Species total length less than 5mm ............................................................15
15 Posterior head margin emarginated ..............................meghalayense Bharti
– Posterior head margin either emarginated or non emarginated ..................16
16 Lamelliform appendage of sting dentiform, triangular or pennant-shaped and 

projecting at an angle from the shaft, antennal scrobes either present or ab-
sent; frontal carinae either short or long ....................................................17

– Lamelliform appendage of sting linear and spatulate, continuing the line of 
the shaft, antennal scrobes absent, frontal carinae short, ending before level 
of eyes ...................................................................................fergusoni Forel

17 Frontal carinae short terminating at or in front of the level of the eyes; dor-
sum of head variably sculptured ................................................................18

– Frontal carinae long, projecting back beyond the level of the eyes. If the cari-
nae fade out just behind the level of the eyes then the dorsum of the head is 
regularly, very densely longitudinally rugose or evenly sulcate ...................22

18 Eyes minute with only a single ommatidium. Peduncle of petiole with large 
anteroventral lamella .................................................................................19
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– Eyes large with five or more ommatidia. Peduncle of petiole without a large 
anteroventral lamella .................................................................................20

19 Anterior clypeus with distinct median impression, dorsal mesosoma reticu-
late-rugose and propodeal spines relatively long upcurved along their length 
 ...............................................................................................myops Bolton

– Anterior clypeus without any median impression, dorsal mesosoma longitu-
dinally rugulose, and propodeal spines relatively short (PSL 0.07mm), trian-
gular ............................................................................. triangulatum sp. n.

20 Head without any reticulate or rugoreticulate structure, petiole and postpetiole 
finely sculptured with a smooth median area or smooth median longitudinal 
strip on dorsum, propodeal spines not upcurved .......... caespitum ( Linnaeus)

– Head with reticulate sculpture on its posterior region or sides, petiole and 
postpetiole mostly unsculptured, propodeal spines upcurved  ...................21

21 Petiole node in dorsal view about as long as broad. Median portion of clypeus 
abruptly downcurved so that its anterior one-third is vertical and separated by 
a marked angle from the more posterior portion ..................... inglebyi Forel

– Petiole node in dorsal view much broader than long. Median portion of cl-
ypeus evenly convex in its anterior half ..............................elisabethae Forel

22 Basal half or more of first gastral tergite sculptured, usually strongly so, with 
rugosity, dense striation, dense puncturation or a combination of these ....23

– Basal half of first gastral tergite unsculptured or at most with sparse, short, 
regular basigastral costulae or a few pits from which hairs arise .................24

23 Anterolateral angles of first gastral tergite projecting forward as a pair of 
blunt teeth or tubercles; basal half of first gastral tergite and sternite strong-
ly rugulose .................................................................... rugigaster Bolton

– Anterolateral angles of first gastral tergite angular but not produced into teeth 
or tubercles, first gastral tergite and sternite entirely finely reticulate .............
 ........................................................... malabarense Sheela and Narendran

24 With the gaster in dorsal view the lateral corners of the base extended forward as 
a pair of horns which surround the posterior portion of the postpetiole ........25

– With the gaster in dorsal view the lateral corners of the base rounded or 
sometimes bluntly angular, but never extended forward as a pair of horns 
which surround the posterior portion of the postpetiole ........................... 26

25 Anterolateral angles of first gastral tergite projecting forward as a pair of blunt 
teeth or horns which go round the sides of the posterior portion of the post-
petiole; propodeal lobes elongate triangular and acute .............mixtum Forel

– Anterolateral angles of first gastral tergite projecting forward as a pair of acute 
teeth which go round the sides of the posterior portion of the postpetiole; 
propodeal lobes subtriangular with rounded tip ...........................................
 .................................................................sentosum Sheela and Narendran

26 Anterior clypeal margin with the median portion convex and notched or 
sharply indented medially ........................................................................ 27
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– Anterior clypeal margin with the median portion entire, varying from convex 
to broadly and shallowly concave, but never notched or sharply indented 
medially ................................................................................................... 31

27 Mandibles sculptured with fine, dense striation or shagreening, occasionally 
the striation faint ......................................................................................28

– Mandibles completely smooth and shiny except for scattered hair-pits ......30
28 Colour uniform dark brown to blackish brown. Petiole in profile with a nar-

row anterior peduncle, a short anterior face which curves into the long con-
vex dorsum and a posterior face which is much higher than the anterior. In 
dorsal view the node is usually slightly longer than broad .............................
 .................................................................................pacificum Mayr (part)

– Colour yellow brown to orange-brown, sometimes with the gaster darker 
brown. Rarely entirely coloured dark brown approaching that of pacificum, 
but in this case the petiole of different shape .............................................29

29 Longest hairs projecting dorsally from frontal carinae behind the level of the 
antennal insertions shorter than the maximum diameter of the eye. Gaster al-
ways much darker in colour than alitrunk and head, contrasting strongly with 
them. Petiole node in profile roughly square, the dorsum not sloping upwards 
posteriorly, the anterodorsal and posterodorsal angles approximately on a lev-
el. Propodeal spines moderately long, varying from more or less straight to 
slightly upcurved along their length .......................bicarinatum (Nylander)

– Longest hairs projecting dorsally from frontal carinae behind the level of the 
antennal insertions longer than the maximum diameter of the eye. Gaster 
usually same colour as alitrunk and head, only rarely noticeably darker. Peti-
ole node in profile with the dorsum sloping upwards posteriorly, so that the 
posterodorsal angles is on a slightly higher level than the anterodorsal. Pro-
podeal spines usually short, elevated but more or less straight, not upcurved 
along their entire length ......................................................... indicum Forel

30 Petiole in profile with a short anterior face which curves into the long convex 
dorsum and a posterior face which is slightly higher than the anterior, OI 
25.81(eyes comparatively larger in size 0.24mm), CI 100, SI 67 ...................
 .............................................................. petiolatum Sheela and Narendran

– Petiole in profile with a short anterior face which curves into the long con-
vex dorsum and a posterior face which is much higher than the anterior, OI 
20.59–25 (eyes comparatively smaller 0.18-0.21mm), CI 83-90, SI 79-87 ...
 .................................................................................pacificum Mayr (part)

31 Spaces between rugulose sculpture on entire dorsum of head (and often dor-
sal alitrunk) completely filled by a dense and very conspicuous reticulate-
puncturation so that the surface appears dull, mat and very granular, the 
punctulate sculpture often as conspicuous as the rugulae ..........................32

– Spaces between rugulose sculpture on dorsum of head either smooth or with 
superficial faint or vestigial sculpture so that the surface appears mostly or 
entirely shiny and largely or partially smooth, the punctulate sculpture never 
as conspicuous as the rugulae ....................................................................33
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32 Frontal carinae strongly developed throughout their length, sinuate, running 
unbroken almost to the posterior head margin and surmounted through-
out their length ba a narrow raised rim or flange. The whole of the frontal 
carinae much more strongly developed than the remaining cephalic rugulae. 
Ground sculpture of head between frontal carinae strongly granular or reticu-
late- punctulate, the surface matt. Antennal scrobes shallow but broad and 
conspicuous ..................................................................simillimum (Smith)

– Frontal carinae feebly developed, weakly or not sinuate, most strongly devel-
oped to level of midlength of eye behind which they become very weak or 
broken, or gradually fade out posteriorly; not surmounted by a raised rim or 
flange beyond the level of the midlength of the eye, behind which the carinae 
are no stronger than the remaining cephalic rugulae. Ground sculpture of 
head more feeble than above, the surfaces dully shiny. Antennal scrobes ves-
tigial ...............................................................................caldarium (Roger)

33 Dorsal surface of hind tibiae with decumbent or appressed pubescence only 
or with very short hairs which are curved through 90° at the base so that the 
apical portion of the hairs are nearly flush with the surface; erect or suberect 
hairs or erect pubescence completely absent from the outer tibial surface, SI 
≥ 74 ..........................................................................................................34

– Dorsal surface of hind tibiae with conspicuous suberect hairs, SI ≤ 67.00 .....
 ........................................................................................shivalikense sp. n.

34 Antennal scapes relatively longer, SI 87-91, colour uniform black .................
 ...............................................................................................christiei Forel

– Antennal scapes relatively shorter, SI 74-86, colour yellowish brown or dark 
brown .......................................................................................................35

35 Peduncle of petiole in profile short and straight, not downcurved along its 
length from node to insertion nor passing through a rounded angle at about 
its midlength. Propodeal lobes bluntly rounded ....................salvatum Forel

– Peduncle of petiole downcurved along its length. Propodeal lobes triangular 
 ................................................................................................................ 36

36 Propodeal spines short and about the size of triangular propodeal lobes, SI 
74-79; EL 0.09mm and body dark brown with a reddish tinge .....................
 .............................................................................................barryi Mathew

– Propodeal spines longer than the broadly triangular propodeal lobes, SI 80-
87, EL 0.14–0.16mm, colour varying from yellowish brown to mid brown ..
 ...........................................................................................tonganum Mayr
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Abstract
New findings of the white-toothed shrews (Crocidura spp.) from offshore islands of Vietnam are reported. 
The species identifications have been confirmed by the analysis of complete mitochondrial cytochrome 
b gene (1140 bp). Crocidura phuquocensis is the only species found in the Phu Quoc Island. Crocidura 
fuliginosa has been recorded from two islands of the Con Dao Archipelago (Con Son and Bai Canh). The 
occurrence of C. fuliginosa in Vietnam has been genetically confirmed for the first time. Crocidura attenu-
ata has been collected from the Cat Ba Island for the first time, and this finding corresponds well with the 
proposal that the species’ distribution is confined to the north and east of the Red River only.

Keywords
Crocidura fuliginosa, Crocidura attenuata, Crocidura phuquocensis, biogeography, Cat Ba, Con Dao, Phu 
Quoc, SE Asia

Introduction

Biodiversity of Southeast Asian islands has often been the focus of intensive studies 
by systematists, evolutionary biologists and biogeographers (Meijaard 2003; Esselstyn 
and Brown 2009; Esselstyn et al. 2009; Esselstyn and Oliveros 2010). Such studies 
of insular faunas of terrestrial mammals make it possible to examine geographic and 
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temporal processes of diversification. The species distribution and richness of island 
faunas are determined by colonization and extinction events and are largely dependent 
on geographical characteristics of the islands, particularly their size and isolation.

Despite its small size, Vietnam has a very long coastline (near 3500 km) and is 
surrounded by more than 3000 islands. The majority of Vietnamese coastal islands are 
situated within a shallow shelf. Two main stages of the geological history of this area 
can be recognized (Korotky et al. 1995). At the first stage, most parts of the modern 
South China Sea shelf were continental. During following transgressions the continent 
was submerged and many coastal islands developed. These islands were from time to 
time connected to the continent during repeated sea level fluctuations in the Pleisto-
cene. Island communities off mainland Vietnam may reflect dispersal and vicariance 
events initiated by climate change.

Most mammal surveys of Vietnamese islands have been devoted to the study of ro-
dents and large mammals (Van Peenen et al. 1970, Kuznetsov and Anh 1992, Kuznet-
sov 2000). Shrews remain poorly studied in these areas. A few biodiversity surveys were 
conducted by the Joint Vietnam-Russian Tropical Research and Technological Centre 
(VRTC) on coastal islands of Vietnam (Fig. 1) during 2003-2011. In this paper, we have 
summarized the results of the study of white-toothed shrews resulting from these surveys.

studied area

Phu Quoc is the largest Vietnamese island (it covers ca. 562 km2) lying in the Gulf of 
Thailand, ca. 15 km south of the coast of mainland Cambodia. Primary lowland tropi-
cal forests still cover the northeastern part of the island. The first mammalogical survey 
of Phu Quoc was carried out of the VRTC (Abramov et al. 2007a) in the period of 25 
November - 20 December, 2003. In total, 105 trap-nights were conducted using pitfall 
traps (plastic buckets 40×30 cm) located in a few different biotopes.

The Con Dao Archipelago is situated in the monsoon belt of the South China Sea 
at about 90 km off mainland Vietnam. Con Son, formerly known as Pulo Condor, 
consists of the largest (ca. 52 km2) island of archipelago, surrounded by 14 smaller 
islets. The topography of Con Son Island is mountainous, and is dominated by the 
granite ridge running from south-west to north-east and is covered by primary tropical 
forest. A biodiversity survey of Con Son was conducted by the VRTC from 26 May to 
12 June, 2010. Small mammal trapping was conducted using plastic buckets (25×20 
cm) and glasses (13×9 cm) as pitfall traps. Trapping took place for a total of 1237 trap-
nights, distributed unequally between 13 survey sites.

Cat Ba is the largest of hundreds of islands that comprise the Cat Ba Archipelago 
and is located at the southeastern edge of Ha Long Bay in northern Vietnam. Cat Ba 
Island lies approximately 30 km east of Hai Phong city in northern Vietnam and has 
a surface area of 285 km2. The landscape of Cat Ba is dominated by limestone karst 
with alternating narrow valleys running along the northeast-southwest line. The main 
natural vegetation type on Cat Ba consists of moist tropical forest on limestone karst, 
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however, in large areas it is now replaced by limestone scrub or bare rocks. Fieldworks 
were carried out by the VRTC in the central part of Cat Ba Island from 10 to 25 Oc-
tober, 2011. In total, 650 trap-nights were conducted using pitfall traps (plastic glasses 
of 13×9 cm) located in five different biotopes.

Figure 1. Map of Vietnam. Location of islands studied is shown.
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Material and methods

A total of thirteen Crocidura specimens were collected during the three aforementioned 
island surveys. Specimens were fixed in 70% ethanol. Tissue samples were preserved 
in 96% ethanol. Skulls were extracted and cleaned from many specimens. Standard 
external body measurements (head and body length, tail length, hind foot length) were 
taken in the field. Weight was measured in grams. Voucher specimens are kept in the 
Zoological Institute of the Russian Academy of Sciences (Saint-Petersburg, Russia).

Genomic DNA was isolated from ethanol-fixed kidney or muscles by proteinase K 
digestion, phenol-chloroform deproteinization and isopropanol precipitation (Sam-
brook et al. 1989).

The complete mitochondrial cytochrome b gene (cytb, 1140 bp) was amplified 
by PCR with the primer combination and conditions for cytb amplification as in 
Bannikova et al. (2011). Primers L14728_Cr (5`-GACATGAAAAATCATCGTT-
GTTCTTCAAC-3`) and H1310_Cr (5`-GAATATCAGCTTTGGGTGYTGATG-
GTGG-3`) were used for amplification of the whole cytb gene (1140 bp), and prim-
ers Cro_481b (5`-ACGGAAAAGCCTCCTCAGATTCATTCTAC-3`) and L363A 
(5`-CGCAGTTATAGCCACCGCCTTTATAGG-3`) were used for sequenc-
ing and amplification of short parts of the gene if necessary. Sequencing with each 
primer was performed by the ABI 3100-Avant autosequencing system using ABI 
PRISM®BigDyeTM Terminator v. 3.1. Cytb gene sequences were aligned by eye using 
BioEdit v.7.0.5.3 (Hall 1999). The final alignment of the mitochondrial gene included 
1140 bp. Diversity patterns of cytb sequences were assessed using maximum parsimony 
(MP) and neighbour joining (NJ) methods with the help of PAUP* version 4.0b10 
(Swofford 1998) based on pairwise p-distance matrix. To assess clade support, 1000 
bootstrap pseudoreplicates were analyzed.

GenBank accession numbers for the original sequences used in the study are 
JX181934-JX181941.

We also included cytb sequence data from several earlier studies (Ruedi et al. 1998; 
Bannikova et al. 2006, 2011; Dubey et al. 2008; Esselstyn et al. 2009; Lavrenchenko 
et al. 2009) to place the shrews from Vietnam into a regional phylogeographic and 
phylogenetic context.

Results

Crocidura fuliginosa (Blyth, 1855)
http://species-id.net/wiki/Crocidura_fuliginosa

Remarks. We have found this species on Con Son Island only. A single specimen was 
collected near Nui Nha Ban on the north slope of Nui Chua Mt. in the central part of 
island. The pitfall traps (08°42'49"N, 106°37'13"E) were set in moist primary forest at 
an elevation of 250 m asl. Despite considerable trapping efforts (more than 1200 trap-
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nights) we collected only one specimen. This species was firstly reported from Con 
Son by Van Peenen et al. (1970). A single adult male (USNM 357348, Smithsonian 
Institution) was caught in a small Sherman trap at the side of a trail leading to Nui Nha 
Ban, at the elevation of 80 m asl. Another specimen (ZMMU S-144368, Zoological 
Museum of Moscow University) was collected in 1987 in the forest of Bai Canh Islet 
located just 1 km eastward of the Con Son Island.

This is a large, long-tailed Crocidura; tail 79% of head and body length, on av-
erage. Means and extremes of measurements (in mm) from 3 adults are: head and 
body length, 87.0 (83–90); tail length, 68.3 (67–71); hind foot length, 15.7 (15–17); 
weight (n=1), 16.7 g.

The mtDNA analysis suggests that specimen from the Con Son Island belongs to 
C. fuliginosa (Fig. 2).

Many papers listed C. fuliginosa as being widespread in mainland Vietnam 
(Heaney and Timm 1983; Huynh et al. 1994; Kuznetsov 2006; Can et al. 2008; Jen-
kins et al. 2009). A recent comparative study of mtDNA (Bannikova et al. 2011) did 
not confirm its occurrence in Vietnam. Specimens from northern Vietnam (Ha Gi-
ang Province) are very different from the shrews taken from the Cameron Highlands 
(Peninsular Malaysia) assigned to this species. Moreover, the northern Vietnamese 
specimens are close to the shrews from Yunnan, southern China. A major distinc-
tion between Yunnan specimens and C. fuliginosa from Peninsular Malaysia was also 
found by Dubey et al. (2008) in the analysis of nuclear genes. Bannikova et al. (2011) 
proposed to re-establish the name C. dracula for the large white-toothed shrews from 
northern Vietnam and southern China. This taxon was described by Thomas (1912) 
from southern Yunnan. According to Allen (1938) and Ellerman and Morrison-Scott 
(1951), this species is distributed across southern China and adjacent Indochina. Jen-
kins (1976) considered dracula a subspecies of C. fuliginosa, and was followed in this 
opinion by various authors (Heaney and Timm 1983; Jiang and Hoffmann 2001; 
Hutterer 2005). Based on the data from mitochondrial DNA, the name fuliginosa was 
provisionally restricted to the shrews from the southern part of Southeast Asia, includ-
ing Malaysia and southern Myanmar (Bannikova et al. 2011). A comparison of cytb 
sequences suggests that specimen from the Con Son Island belongs to this haplogroup 
(Fig. 2). This is a first genetically confirmed record of C. fuliginosa from Vietnam.

The occurrence of C. fuliginosa sensu stricto in mainland Vietnam is still question-
able (see also Heaney and Timm 1983). Jenkins et al. (2009) have mentioned museum 
specimens of C. fuliginosa (= dracula sensu Bannikova et al. 2011) from Lao Cai in 
northern Vietnam and Yunnan in southern China only. Two other records mentioned 
by Jenkins et al. (2009) were based on survey reports, not on museum voucher speci-
mens. One of them (Trai et al. 1999), reporting C. fuliginosa from Ngoc Linh Mt. in 
Kon Tum Province, central Vietnam, was based on a visual observation only. Another 
location mentioned (see Jenkins et al. 2009) is Nui Bi Doup, Lam Dong Province, 
southern Vietnam. In 2004 and 2006, during mammal surveys in Ngoc Linh Mt. con-
ducted by the VRTC, we collected 116 shrews of three Crocidura species (Abramov 
et al. 2007b; Rozhnov and Abramov 2009). Two of these species, C. sokolovi and C. 
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zaitsevi, were new to science (Jenkins et al. 2007); the third one was C. tanakae (see 
Bannikova et al. 2011). Several biodiversity surveys conducted by the VRTC in Nui Bi 
Doup area in 2002-2009 (Abramov et al. 2010) yielded more than 100 shrews of three 
Crocidura species, including C. tanakae, C. indochinensis and C. zaitsevi (see Bannikova 
et al. 2011). However, we documented no specimens of C. fuliginosa, neither in the 
Ngoc Linh nor in the Bi Doup areas.

Crocidura phuquocensis Abramov, Jenkins, Rozhnov et Kalinin, 2008
http://species-id.net/wiki/Crocidura_phuquocensis

Remarks. Five adult white-toothed shrews were collected in the northern part of Phu 
Quoc Island (10°22'53"N, 104°00'19"E), 5 km west of Bai Thom Village, near the 
road Duong Dong-Bai Thom, close to the northern slope of Mount Chua area, at the 
elevation of about 30 m asl. Pitfall traps were set up in the dipterocarp forest, near 
tumbled down trees, at the bottom of a mountain. On the basis on these specimens, 
C. phuquocensis was described by Abramov et al. (2008).

This is a medium-sized Crocidura, with a moderately long tail; tail 75% of head 
and body length, on average. Means and extremes of measurements (in mm) from 5 
adults are: head and body length, 76.2 (68–72); tail length, 52.4 (49–59); hind foot 
length, 12.1 (12–12.5).

The validity of this species was recently confirmed by comparison of cytb and COI 
sequences with available reference data (Bannikova et al. 2011). On the cytb tree, the 
C. phuquocensis haplogroup is the nearest neighbour to the C. fuliginosa – C. dracula 
group, although with low bootstrap support (Fig. 2).

Phu Quoc lies very close to mainland Cambodia. The Phu Quoc rainforests belong 
to the Cardamom Mountain rain forests ecoregion (MacKinnon 1997). Overall, the 
small mammal fauna of Phu Quoc is similar to that of the Cardamom Mountains 
(Swan and Kry 2000; Abramov et al. 2007a). Presumably, C. phuquocensis (currently 
known from Phu Quoc only) may also be found in the adjacent mainland.

Crocidura attenuata Milne-Edwards, 1872
http://species-id.net/wiki/Crocidura_attenuata

Remakrs. We collected seven specimens of this species from Cat Ba Island. The trapping 
line (20°48'N, 106°59'E) was located along the west part of tourist trail from the Cat Ba Na-
tional Park Headquarters to Viet Hai Village. All specimens were caught in pitfall traps set in 
mixed forest near limestone bare rocks. It is the first record of Crocidura from Cat Ba Island.

This is a medium-sized Crocidura, with a moderately long tail; tail 79.8% of head 
and body length, in average. Means and extremes of measurements (in mm) from 5 
adults are: head and body length, 74.6 (71–79); tail length, 59.2 (57–62); hind foot 
length, 13.2 (12–14); weight (n=4), 9.8 (7.3–11.5) g.
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Analysis of mitochondrial DNA confirmed that the specimens from Cat Ba belong 
to C. attenuata proper. All the analyzed specimens from Cat Ba (see Fig. 2) formed a 
single cluster closely related to the group of specimens from northern Vietnam (Ha 
Giang Province) and southeastern China (Guangxi Province). The genetic distance 
(p-distance) between specimens from Cat Ba/Ha Giang as well as Cat Ba/Guangxi 
is about 2.1%. The specimen of C. attenuata from the more north-eastern region of 
China (Hunan Province) appears basal among all samples of C. attenuata from China 
and Vietnam. Thus, the genetic distance between two specimens from China (Hunan/
Guangxi) is 4.3%, which is nearly the same as the distance between C. indochinensis/C. 
sp. AB1. Thus, genetic differentiation of C. attenuata is notable and reveals a phylogeo-
graphic structure with four haplogroups.

Most authors (Heaney and Timm 1983; Huynh et al. 1994; Hutterer 2005; 
Kuznetsov 2006; Can et al. 2008; Jenkins et al. 2009) have suggested a wide geo-

Figure 2. The NJ tree for the cytb gene. The bootstrap values (³50%) obtained from 1000 replications in NJ/
MP analyses are presented above the branches. «*» denotes bootstrap support of 100% in both NJ and MP 
analyses; «-» indicates support values of less than 50%. Suncus murinus and S. stoliczkanus are used as outgroup.
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graphic distribution for C. attenuata in Vietnam. However, the recent study of mi-
tochondrial DNA (Bannikova et al. 2011) restricted the distribution of C. attenuata 
proper to the northernmost part of Vietnam. Elsewhere in mainland Vietnam, it is 
replaced by C. tanakae. The latter species was previously considered an endemic of Tai-
wan (Motokawa et al. 1997, 2001; Hutterer 2005). However, based on mtDNA data 
analyses, the name C. tanakae has been applied to all white-toothed shrews that are 
genetically similar to the Taiwanese haplogroup. This haplogroup is widely distributed 
across mainland Asia, including in southern China, Vietnam and Laos (Esselstyn et al. 
2009, 2010; Bannikova et al. 2011).

Documentation of C. attenuata on Cat Ba Island well corresponds to the pro-
posed species’ distribution confined to the north and east of the Red River (see 
Bannikova et al. 2011).

Conclusion

Current distributions and phylogenetic relationships of Crocidura species from Viet-
namese offshore islands support the hypothesis that shrews may have colonized the is-
lands relatively recently. It is known that the non-volant mammal fauna of these islands 
was formed during the period when most parts of the modern South China Sea shelf 
were continental (see also Kuznetsov and Anh 1992; Kuznetsov 2000).

Cat Ba Island is a part of the extended region of the Viet Bac Karst zone, stretch-
ing from southeastern China to northeastern Vietnam (Tuyet 1998), and its mam-
mal fauna is similar to that of the adjacent mainland (Abramov and Kruskop 2012). 
The low level of divergence between mainland populations of C. attenuata and that 
from Cat Ba seem to correspond to recent faunal exchanges in northeastern Viet-
nam, including Cat Ba Island. Crocidura phuquocensis, the only endemic species of 
white-toothed shrew from coastal islands of Vietnam, is very likely to be found in 
the Cardamom Mountains of the adjacent mainland, if targeted small mammals 
surveys are undertaken there.

Sister relationships between the Con Son and Malaysian populations of C. fuligi-
nosa suggest that its distribution might have been more extensive in the past. However, 
data on this species’ occurrence in Southeast Asia are very scarce and doubtful. Mor-
phological characters and genetic variation of the populations from Thailand, Laos, 
Cambodia and Myanmar referred to as C. fuliginosa (Corbet and Hill 1992; Ruedi 
1995; Francis 2008) need to be examined in detail.
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Abstract
A new quadrannulate species of Orobdella, Orobdella ketagalan sp. n., from Taipei, Taiwan, is described. 
This is the first record of Orobdella and the family Orobdellidae from Taiwan. This new species possesses 
small, paired sperm duct bulbs in the male reproductive system. In addition to these bulbs, the following 
combination of characters distinguishes this new species from other quadrannulate species: somite IV 
uniannulate, male gonopore at XI b6, female gonopore at XIII a1, 1/2 + 4 + 1/2 between gonopores, sim-
ple tubular gastroporal duct, lacking epididymides, and undeveloped atrial cornua. Phylogenetic analyses 
using nuclear 18S rDNA and histone H3 as well as mitochondrial COI, 12S rDNA, tRNAVal, and 16S 
rDNA markers showed that O. ketagalan is related to the two Ryukyu Archipelago species Orobdella doli-
chopharynx Nakano, 2011 and Orobdella shimadae Nakano, 2011.
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Introduction

Species of the genus Orobdella Oka, 1895 are large annelids that feed on earthworms. 
They are usually 10–20 cm in length (except for O. koikei Nakano, 2012, approx. 5 cm) 
and they inhabit the banks of mountain streams in East Asia (Nakano 2012a, Oka 1895). 
The systematic position of the genus Orobdella has been contentious. Orobdella was ini-
tially included in the family Gastrostomobdellidae along with the Southeast Asian terres-
trial macrophagous leech genus Gastrostomobdella Moore, 1929 (Richardson 1971, Saw-
yer 1986). Although Sawyer (1986) placed Gastrostomobdellidae under Hirudiniformes, 
recent molecular phylogenetic studies reclassified the family under Erpobdelliformes 
(Nakano et al. 2012, Oceguera-Figueroa et al. 2011). Nakano et al. (2012) split Gastros-
tomobdellidae into two families based on phylogenetic analyses as well as morphological 
discontinuity, and the monotypic family Orobdellidae was erected for Orobdella.

Taxonomic and inventory studies on Orobdella have progressed recently, and this 
genus now includes ten species (Nakano 2010, 2011a, b, 2012a, b, in press, Oka 1895, 
Richardson 1975). Orobdella leeches exhibit various types of mid-body somite annu-
lation; three types have been documented thus far: quadrannulate, sexannulate, and 
octannulate (Sawyer 1986). The quadrannulate mid-body somite is a plesiomorphy of 
this genus, and the sexannulate form is considered to have evolved in parallel (Nakano 
2012a, b, Nakano et al. 2012).

All of the known Orobdella species have been described based on specimens col-
lected from Japan, and eight of the ten species have been reported only from Japanese 
islands (Sawyer 1986). Outside Japan, O. whitmani Oka, 1895, which is the type 
species of the genus, has been recorded from Primorsky Krai, Russia (Gilyarov et al. 
1969). However, Nakano (2012a) noted that this specimen from Russia was misiden-
tified as O. whitmani, and that it should be considered a new, undescribed species. In 
addition, O. tsushimensis Nakano, 2011 was recently collected from Gageodo Island, 
Korea (Nakano and Seo in press). In Taiwan, no studies have investigated the species 
diversity of terrestrial macrophagous leeches. Taiwanese leech species were catalogued 
by Lai and Chen (2010), but Orobdella leeches were not included. Recently, quad-
rannulate Orobdella specimens were collected from Taipei, Taiwan. These materials 
clearly differ from the other known quadrannulate Orobdella species. Therefore, in the 
present study, Orobdella leeches from Taipei are described as a new species. This is the 
first record of orobdellid leeches from Taiwan. In addition, their phylogenetic position 
is estimated using nuclear 18S and histone H3 (H3) and mitochondrial COI, 12S, 
tRNAVal, and 16S rDNA (12S–16S) sequence data.

Materials and methods

Leeches were collected from Taipei, Taiwan (Fig. 1). Botryoidal tissue was taken from 
specimens, which were fixed in ethanol, for DNA extraction. All of the specimens were 
preserved in 70% ethanol. Two measurements were taken: body length (BL) from the 
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anterior margin of the oral sucker to the posterior margin of the caudal sucker, and maxi-
mum body width (BW). Examination, dissection, and drawings of the specimens were 
accomplished under a stereoscopic microscope with a drawing tube (Leica M125). The 
specimens have been deposited in the Zoological Collection of Kyoto University (KUZ).

We used the numbering convention of Moore (1927): body somites are denoted 
by Roman numerals, and annuli in each somite are given alphanumeric designations.

The extraction of genomic DNA followed (Nakano 2012a). The primer sets used in 
this study are listed in Table 1: for 18S, A and L, C and Y, and O and B (Apakupakul et 
al. 1999) were used; for H3, H3aF and H3bR (Colgan et al. 1998); for COI, LCO 1490 
and HCO 2198 (Folmer et al. 1994), and LCO-in and HCO-out (Nakano 2012a); for 
12S–16S, 12SA-in and 12SB-out (Nakano 2012a). The DNA sequencing methods for 
the above four markers followed Nakano (2012a). The following DNA sequences were 
newly obtained and deposited in GenBank (Table 2): 18S and H3 sequences from the 
holotype (KUZ Z208) of the new species, and COI and 12S–16S sequences from the 
holotype (KUZ Z208) and three paratypes (KUZ Z209–Z211) of the new species. The 
DNA sequences of the holotype (KUZ Z208) were analyzed in the following phyloge-
netic analyses. The other sequences were taken from GenBank (Table 2). For the out-
group, three Erpobdelliformes leeches were included in the phylogenetic analyses: Er-
pobdella japonica Pawłowski, 1962 (Erpobdellidae), Gastrostomobdella monticola Moore, 
1929 (Gastrostomobdellidae), and Mimobdella japonica Blanchard, 1897 (Salifidae).

H3 and COI sequences were aligned by eye because there were no indels. Nuclear 
18S and mitochondrial 12S–16S sequences were aligned using MAFFT X-INS-I (Ho-
facker et al. 2002, Katoh and Toh 2008, McCaskill 1990, Tabei et al. 2008) taking 
into account RNA secondary structure information, and then refined with GBLOCKS 
(Castresana 2000). Aligned sequences of 18S was 1787 bp in length; those of H3, 
COI, and 12S–16S were 327, 1266, and 410 bp, respectively. The concatenated se-
quences thus yielded a total of 3790 bp positions.

Figure 1. Map showing the collection localities in this study.
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Phylogenetic trees were constructed using maximum likelihood (ML) and Bayesian 
inference (BI). ML phylogenies were calculated using TREEFINDER v October 2008 
(Jobb et al. 2004) with the tool package Phylogears v 2.0 (Tanabe 2008), and then non-
parametric bootstrapping (Felsenstein 1985) was conducted with 500 replicates. The 
best-fit models for each partition were selected using the Akaike information criterion 
(Akaike 1974) by using Kakusan 4 (Tanabe 2011): for 18S, the Jobb 2008 model (J2) 
with gamma distribution (+G) and proportion of invariant sites (+I) was selected; for 
H3 1st position, the Tamura-Nei model (TN93); for H3 2nd position, the Jukes-Can-
tor model (JC69); for H3 3rd position, J2+G; for COI 1st position, TN93+G+I; for 
COI 2nd position, the transversion model (TVM)+I; for COI 3rd position, TN93+G; 
for 12S, the general time reversal model (GTR)+G; for tRNAVal, the Hasegawa-Kishi-
no-Yano model (HKY85)+G; and for 16S, the transition model (TIM)+G. BI and 
Bayesian posterior probabilities (BPPs) were estimated using the MPI version of Mr-
Bayes v 3.1.2 (Altekar et al. 2004, Huelsenbeck et al. 2001, Ronquist and Huelsenbeck 
2003). The best-fit models for each partition were identified using the Bayesian infor-
mation criterion (Schwarz 1978) also by using Kakusan 4: for 18S, the Kimura 1980 
model (K80)+I; for H3 1st and 2nd positions, JC69; for H3 3rd position, HKY85+G; 
for COI 1st position, GTR+G+I; for COI 2nd position, the Felsenstein 1981 (F81) 
model+I; for COI 3rd position, HKY85+G; for 12S, GTR+G; and for tRNAVal and 
16S, HKY85+G. Two independent runs of four Markov chains were conducted for 
20 million generations and the tree was sampled every 100 generations. The parameter 

table 1. PCR and cycle sequencing (CS) primers used in this study. Sources: aApakupakul et al. (1999), 
bColgan et al. (1998), cFolmer et al. (1994), dNakano (2012a).

Gene Primer name Reaction Primer sequence (5’ → 3’)
18S
1 Aa PCR & CS AACCTGGTTGATCCTGCCAGT

La PCR & CS CCAACTACGAGCTTTTTAACTG
2 Ca PCR & CS CGGTAATTCCAGCTCCAATAG

Ya PCR & CS CAGACAAATCGCTCCACCAAC
3 Oa PCR & CS AAGGGCACCACCAGGAGTGGAG

Ba PCR & CS TGATCCTTCCGCAGGTTCACCT
Histone H3

H3aFb PCR & CS ATGGCTCGTACCAAGCAGACVGC
H3bRb PCR & CS ATATCCTTRGGCATRATRGTGAC

COI
1 LCO1490c PCR & CS GGTCAACAAATCATAAAGATATTGG

HCO2198c CS TAAACTTCAGGGTGACCAAAAAATCA
2 LCO-ind CS TCCAGAACGTATTCCATTATTTG

HCO-outd PCR & CS TCTGGGTAGTCAGAATATCG
12S–16S

12SA-ind PCR & CS AATTAAAACAAGGATTAGATACCC
12SB-outd PCR & CS AACCCATAATGCAAAAGGTAC
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estimates and convergence were checked using Tracer v 1.5 (Rambaut and Drummond 
2009), and based on the results the first 50,001 trees were discarded.

Nodes with bootstrap (BS) values higher than 70% were considered sufficiently 
resolved (Hillis and Bull 1993). Nodes with BPPs higher than 95% were considered 
statistically significant (Leaché and Reeder 2002).

taxonomy

Family Orobdellidae Nakano, Ramlah & Hikida, 2012
urn:lsid:zoobank.org:act:5F5BABE8-BD26-4FC7-9593-F73E62E26122
Genus Orobdella Oka, 1895
urn:lsid:zoobank.org:act:FA8333ED-8C17-41FD-AFC1-62A4F98D4AC1

Orobdella ketagalan sp. n.
urn:lsid:zoobank.org:act:AFF291DF-E13F-46A3-A965-14B92E23F520
http://species-id.net/wiki/Orobdella_ketagalan
Figs 2–4

Diagnosis. Somite IV uniannulate, somites VIII–XXV quadrannulate. Pharynx reach-
ing to posterior of XIV to anterior of XV. Gastropore conspicuous at XIII a1. Gas-

table 2. Samples used for the phylogenetic analyses. Information on vouchers, collection localities, and 
GenBank accession numbers is provided.UNIMAS, the Universiti Malaysia Sarawak. Sources: aNakano 
(2012a), bNakano (2012b), cNakano et al. (2012).

Species Voucher 18S Histone H3 COI 12S–16S
Orobdella ketagalan sp. n. KUZ Z208 Holotype AB704785 AB704786 AB704787 AB704788
Orobdella ketagalan sp. n. KUZ Z209 Paratype AB704789 AB704790
Orobdella ketagalan sp. n. KUZ Z210 Paratype AB704791 AB704792
Orobdella ketagalan sp. n. KUZ Z211 Paratype AB704793 AB704794
Orobdella esulcata KUZ Z29 Holotype AB663655c AB698873b AB679664a AB679665a

Orobdella dolichopharynx KUZ Z120 Holotype AB663665c AB698876b AB679680a AB679681a

Orobdella ijimai KUZ Z110 Topotype AB663659c AB698877b AB679672a AB679673a

Orobdella kawakatsuorum KUZ Z167 Topotype AB663661c AB698878b AB679704a AB679705a

Orobdella koikei KUZ Z156 Holotype AB698883b AB698882b AB679688a AB679689a

Orobdella mononoke KUZ Z224 Holotype AB698868b AB698869b AB698866b AB698867b

Orobdella octonaria KUZ Z181 Topotype AB698870b AB698871b AB679708a AB679709a

Orobdella shimadae KUZ Z128 Holotype AB663663c AB698875b AB679676a AB679677a

Orobdella tsushimensis KUZ Z134 Holotype AB663653c AB698872b AB679662a AB679663a

Orobdella whitmani KUZ Z45 Topotype AB663657c AB698874b AB679668a AB679669a

Erpobdella japonica KUZ Z178 AB663648c AB698879b AB679654a AB679655a

Gastrostomobdella 
monticola

UNIMAS/A3/
BH01/10 AB663649c AB698880b AB679656a AB679657a

Mimobdella japonica KUZ Z179 AB663650c AB698881b AB679658a AB679659a
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troporal duct simple, tubular. Male gonopore at XI b6, female gonopore at XIII a1, 
gonopores separated by 1/2 + 4 + 1/2 annuli. Small paired sperm duct bulbs in XV. 
Epididymis absent. Atrial cornua, coniform, undeveloped.

Materials examined. Holotype. KUZ Z208, mature specimen of  70.9 mm length, 
dissected, collected from Yangmingshan National Park (alt. 779 m, 25°11'07"N, 
121°31'10"E), Taipei City, Taiwan, by Win-Je Chi on March 24, 2011. Para-
types (a total of five specimens collected from Taiwan in 2005–2011): KUZ Z197, 
from Jinsan Township, Taipei County (alt. 739 m, 25°11'01"N, 121°30'54"E), 
on March 18, 2005; KUZ Z207, from the type locality (alt. 776 m, 25°09'49"N, 
121°33'10"E) by Chi-Lun Lee and Win-Je Chi on July 30, 2010; KUZ Z209 (alt. 
779 m, 25°11'07"N, 121°31'10"E), dissected, KUZ Z210 (alt. 600 m, 25°11'11"N, 
121°31'10"E), dissected, from the type locality by Win-Je Chi on March 24, 2011; 
and KUZ Z211 from the type locality (alt. 737 m, 25°10'55"N, 121°30'50"E) by 
Win-Je Chi on April 24, 2011.

Etymology. The specific name is taken from the native Taiwanese tribe Ketagalan. 
The type locality of this new species is in an area settled by this aboriginal tribe. The 
specific name is a native word, not a Latin or Latinized word.

Description of holotype. Body firm, muscular, elongated, gaining regularly in 
width in caudal direction, dorso-ventral depressed, sides nearly parallel from mid-
length to point just anterior to caudal sucker, BL 70.9 mm, BW 6.4 mm (Fig. 2). 
Caudal sucker ventral, oval, diameter smaller than BW (Figs 2B, 3D). Color faded in 
preservative (Fig. 2).

Somite I completely merged with prostomium (Fig. 3A). Somite II uniannulate, 
not separated from I (Fig. 3A). Somites III and IV uniannulate (Fig. 3A). Somite V 
biannulate, (a1 + a2) = a3, a3 forming posterior margin of oral sucker (Fig. 3A, B). 
Somites VI and VII triannulate, a1 = a2 = a3 (Fig. 3A, B). Somites VIII–XXV quadran-
nulate, a1 = a2 = b5 = b6 (Fig. 3A–E); b5 of X being first annulus on clitellum, a2 of 
XIII being last annulus of clitellum (Fig. 3E). Somite XXVI triannulate, a1 > a2 > a3, a3 
being last complete annulus on venter (Fig. 3C, D). Somite XXVII incomplete unian-
nulate with slight furrow (Fig. 3C); anus behind it with no post-anal annulus (Fig. 3C).

Anterior ganglionic mass in VI a2 and a3. Ganglia VIII–XXI in a2 of each somite 
(Fig. 4A). Ganglion XIII in a2 and b5 (Fig. 4A). Ganglia XIV–XXIII in a2 of each 

Figure 2. Orobdella ketagalan sp. n., holotype, KUZ Z208. A Dorsal and B ventral views. Scale bar, 5 mm.
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somite (Fig. 4A). Ganglia XXIV and XXV in a1 and a2 of each somite. Ganglion 
XXVI in b6 of somite XXV. Posterior ganglionic mass in XXVI a1–a3.

Eyes, three pairs, first pair dorsally in furrow of II/III, second and third pairs dor-
solaterally on posterior margin of V (a1 + a2) (Fig. 3A). Nephridiopores, 17 pairs, 
ventrally at posterior margin of a1 of each somite of VIII–XXIV (Fig. 3B, E). Papillae 
numerous, minute, hardly visible, one row on every annulus.

Pharynx agnathous, euthylaematous, reaching to XV a1 (Fig. 3F). Crop tubular, ace-
cate, in XV a1 to XXI a2. Gastropore conspicuous, ventral, located middle of XIII a1 (Fig. 

Figure 3. Orobdella ketagalan sp. n., holotype, KUZ Z208. A Dorsal and B ventral views of somites I–
VIII C dorsal and D ventral views of somites XXV–XXVII and caudal sucker e ventral view of somites X 
b5–XIII F ventral view of gastroporal duct; and G ventral view of gastropore and female gonopore. Scale 
bars, 1 mm (A–F) and 0.25 mm (G). Abbreviations: an, anus; cl, clitellum; cp, crop; fp, female gonopore; 
gd, gastroporal duct; gp, gastropore; mp, male gonopore; np, nephridiopore; and ph, pharynx.
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3E, G). Gastroporal duct narrow, simple tubular, joining with crop in XIV/XV (Fig. 3F). 
Intestine tubular, acecate, in XXI a2 to XXIV b5/b6. Rectum tubular, thin-walled.

Male gonopore located at middle of XI b6 (Fig. 3E). Female gonopore at middle of 
XIII a1, inconspicuous, located behind gastropore (Fig. 3E, G). Gonopores separated by 
1/2 + 4 + 1/2 annuli (Fig. 3E). Testisacs multiple, one or two testisacs on each side in each 

Figure 4. Orobdella ketagalan sp. n., holotype, KUZ Z208. A Dorsal view of reproductive system includ-
ing ventral nervous system B lateral view of bulb of right sperm duct C dorsal D lateral, and e ventral 
views of male atrium: C including position of ganglion XI; and F dorsal view of female reproductive 
system including position of ganglion III. Scale bars, 1 mm (A), 0.5 mm (C–F), and 0.25 mm (B). Ab-
breviations: at, atrium; cod, common oviduct; gp, gastropore; o, ovisac; od, oviduct; sd, sperm duct; sdb, 
sperm duct bulb; and ts, testisacs.
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annulus, in XV a2 to XXV b5 (Fig. 4A). Sperm ducts in XI b5 to XV a2, coiled in XIII b5 
to XV a1 (Fig. 4A): small paired sperm duct bulbs in XV a1 (Fig. 4A, B). Epididymides 
absent. Ejaculatory bulbs absent. Paired atrial cornua in XI b5 and b6, undeveloped, 
coniform (Fig. 4A, C). Atrium body short, muscular, globular in XI b5 and b6 (Fig. 4A, 
C–E). Penis sheath and penis absent. Ovisacs, one pair, thin-walled, globular, in XIII a2 
and b5 (Fig. 4A, F). Oviducts thin-walled, right oviduct crossing ventrally beneath nerve 
cord, both oviducts converging into common oviduct in XIII a1/a2 (Fig. 4A, F). Com-
mon oviduct thin-walled, very short, directly ascending to female gonopore (Fig. 4F).

Variation. Maximum BL 111.7 mm, maximum BW 10.3 mm (KUZ Z210). In 
life, dorsal surface grayish, slightly darker in first third of dorsum, ventral surface whitish. 
Somite XXVI dorsally quadrannulate, ventrally triannulate (KUZ Z197, Z207, Z211) or 
quadrannulate (KUZ Z210). Somite XXVII incomplete biannulate. Pharynx reaching to 
XIV a1/b5–b6. Crop reaching to XXI a2/b5–XXI/XXII. Gastroporal duct joining with 
crop in XIV b5–XIV b5/b6. Intestine reaching to XXIV a2/b5–XXV a2. Testisacs in XV 
a2–XVI b6 to XXIII a1–XXV a2. Paired sperm duct bulbs in XV a1 and a2 (KUZ Z209), 
in XV b5 (KUZ Z210). Right or left oviducts crossing ventrally beneath nerve cord.

Distribution. Known from Yangmingshan National Park and adjacent areas in 
northern Taipei City, Taiwan (Fig. 1).

Remarks. Orobdella ketagalan differs from the five other quadrannulate Orobdel-
la species (i.e., O. esulcata Nakano, 2010, O. kawakatsuorum Richardson, 1975, O. 
koikei, O. tsushimensis, and O. whitmani) in the following combination of character-
istics (Table 3): IV uniannulate, gonopores separated by 1/2 + 4 + 1/2 annuli, XXV 
quadrannulate, gastroporal duct simple and tubular, paired sperm duct bulbs in XV, 
epididymides absent, and atrial cornua undeveloped. Because O. ketagalan possesses 

table 3. Comparison of morphological characters between Orobdella ketagalan sp. n. and five quadran-
nulate congeneric species.

Character O. ketagalan 
sp. n.

O. esulcata O. kawakatsuorum O. koikei O. tsushimensis O. whitmani

Annulation 
of IV

uniannulate uniannulate biannulate uniannulate uniannulate uni- or 
biannulate

Number of 
annuli between 
gonopores

1/2 + 4 + 1/2 2/3 + 4 + 1/3 6 1/2 + 4 + 1/2 1/2 + 5 1/2 + 4 +1/2

Annulation of 
XXV

quadrannulate quadrannulate quadrannulate triannulate quadrannulate quadrannulate

Gastroporal 
duct

simple tubular tubular, but 
bulbous at 
junction with 
gastropore

simple tubular tubular, but 
bulbous at 
junctions 
with 
gastropore 
and crop

bottle-shaped bulbiform

Paired sperm 
duct bulbs

in XV absent absent absent absent absent

Epididymides absent XVI to XX XVI to XVII XVII to XIX XVI to XIX XVI to XVIII
Atrial cornua undeveloped ovate undeveloped ovate coniform ovate
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quadrannulate mid-body somites, this new species is easily distinguishable from the 
four sexannulate species (i.e., O. dolichopharynx Nakano, 2011, O. ijimai Oka, 1895, 
O. mononoke Nakano, 2012, and O. shimadae Nakano, 2011) and one octannulate 
species, O. octonaria Oka, 1895.

Phylogenetic analyses

The BI tree (Fig. 5) was nearly identical to the ML tree with ln L = -12357.61 (not 
shown). Monophyly of the genus Orobdella was well supported (BS = 97%, BPP = 
100%). Orobdella then divided into two clades: clade A (BS = 100%, BPP = 100%) 
consisted of two species from Hokkaido, Japan, O. kawakatsuorum and O. koikei; and 
clade B (BS = 94%, BPP = 100%) included the other nine Orobdella species. Clade B 
was split into three subclades: subclade B1 included only O. tsushimensis (from Tsu-
shima Island, Japan); subclade B2 (BS = 83%, BPP = 100%) included O. esulcata 
(from Kyushu, Japan), O. mononoke (from Yakushima Island, Japan), O. dolichophar-
ynx (from Amamioshima Island, Japan), O. shimadae (from Okinawajima Island, Ja-
pan), and O. ketagalan (from Taipei, Taiwan); and subclade B3 (BS = 69%, BPP = 
99%) consisted of three species (from Honshu, Japan), O. whitmani, O. ijimai, and 
O. octonaria. Subclades B2 and B3 formed a monophyletic clade in both analyses, but 
with low support (BS = 67%, BPP = 89%).

In subclade B2, three species from the Ryukyu Archipelago, O. mononoke, O. doli-
chopharynx, and O. shimadae, and the Taiwanese O. ketagalan formed a monophyl-
etic clade, but this clade was also not sufficiently supported (BS = 55%, BPP = 82%). 

Figure 5. The BI tree of 3790 bp of nuclear 18S rDNA and histone H3, and mitochondrial COI, 12S 
rDNA, tRNAVal, 16S rDNA. A species name in green indicates a quadrannulate species; in red, sexannu-
late; and in blue, octannulate. The numbers associated with the nodes represent the bootstrap values for 
ML (BS) and Bayesian posterior probabilities (BPPs). BSs higher than 70 % and/or BPPs higher than 95 
% are indicated. Abbreviations: JPN, Japan; and TWN, Taiwan.
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Monophyly of O. ketagalan, O. dolichopharynx, and O. shimadae was supported in the BI 
analyses (BPP = 100%), but was not recovered in the ML analyses (BS = 46%). Mono-
phyly of O. dolichopharynx and O. shimadae was confirmed (BS = 87%, BPP = 100%).

Discussion

The phylogenies obtained in this study are nearly identical to those obtained in other 
phylogenetic analyses of the genus Orobdella (Nakano 2012a, b, Nakano et al. 2012). 
The most ancestral clade of Orobdella (clade A in Fig. 5) is distributed in Hokkaido, 
Japan. The other species inhabit islands south of Hokkaido (clade B in Fig. 5) and 
are divided into three subclades (B1–3 in Fig. 5). In our analyses, however, the phy-
logenetic relationships of these subclades were not sufficiently resolved. Our phylo-
genetic trees clearly indicated that the quadrannulate mid-body somite annulation is 
a plesiomorphic character of Orobdella, and that sexannulate mid-body somites had 
evolved in parallel. This result was also mentioned in previous studies (Nakano 2012a, 
b, Nakano et al. 2012). Even in subclade B2, the sexannulate character was consid-
ered to have evolved in parallel. In this subclade, three sexannulate species from the 
Ryukyu Archipelago were included: O. mononoke is from Yakushima Island, which 
is located in the northern part of the Ryukyu Archipelago; O. dolichopharynx is from 
Amamioshima Island, which is located in the middle region of the Archipelago; and 
O. shimadae is from Okinawajima Island, which is also located in the middle region of 
the Archipelago, but south of Amamioshima Island. Our analyses showed that these 
three sexannulate species did not form a monophyletic clade. In contrast, two sexannu-
late species, O. dolichopharynx and O. shimadae, and the Taiwanese quadrannulate O. 
ketagalan formed a monophyletic clade. The other sexannulate species, O. mononoke, 
was not closely related to O. dolichopharynx and O. shimadae. This is in agreement 
with findings by (Nakano 2012b), who mentioned that O. mononoke was probably not 
very close to those two species. Our phylogenetic analyses supported his phylogenetic 
conclusion. According to the topologies of the ML and BI trees, O. mononoke is a sister 
taxon of a clade including O. ketagalan, O. dolichopharynx, and O. shimadae, but this 
phylogenetic position was not well resolved in either tree. To better understand the 
biogeographical history of Orobdella leeches, more robust trees for this genus based on 
either more DNA markers or specimens should be obtained.

Orobdella ketagalan possesses small, paired sperm duct bulbs in XV (Fig. 4A, B). 
Such small bulbs have never before been reported in Orobdella. Hence, small sperm 
duct bulbs could be considered an apomorphy of the Taiwanese O. ketagalan. Orob-
della species generally possess eipididymides in their male reproductive systems (Nakano 
2010, 2011a, b, 2012a, b, in press). However, only O. ketagalan, O. dolichopharynx, and 
O. shimadae do not bear epididymides (Nakano 2011b). These three species formed a 
monophyletic clade in our phylogenetic analyses (Fig. 5). Therefore, lacking epididy-
mides could be considered a synapomorphy within O. ketagalan, O. dolichopharynx, and 
O. shimadae. Orobdella ketagalan also possesses a simple, tubular gastroporal duct, which 
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is similar to that of O. kawakatsuorum (Nakano 2012a, Richardson 1975). This morpho-
logical similarity is clearly due to convergence, according to our phylogenetic analyses.

This is the first record of the genus Orobdella from Taiwan. Moreover, we collected 
several other specimens that appear to be undescribed species of Orobdella (Nakano 
and Lai, unpublished observation). Further faunal and systematic studies will reveal 
the species diversity of Taiwanese Orobdella and further elucidate the biogeographical 
and evolutionary history of these macrophagous leeches.

Key to the known species of the genus Orobdella

1 Mid-body somites more than quadrannulate ..............................................2
– Mid-body somites quadrannulate ...............................................................6
2 Mid-body somites sexannulate ....................................................................3
– Mid-body somites octannulate ...................Orobdella octonaria Oka, 1895
3 Pharynx reaching to XIV ............................................................................4
– Pharynx reaching to XVI ............................................................................5
4 Gonopores separated by 1/2 + 7 + 1/2 annuli ....Orobdella ijimai Oka, 1895
– Gonopores separated by 8 + 1/2 annuli ....Orobdella mononoke Nakano, 2012
5 Gonopores separated by 8 annuli ....Orobdella dolichopharynx Nakano, 2011
– Gonopores separated by 9 annuli .........Orobdella shimadae Nakano, 2011
6 Color yellowish ...........................................................................................7
– Color grayish blue or brown .......................................................................9
7 Gonopores separated by 1/2 + 4 + 1/2 annuli .............................................8
– Gonopores separated by 1/2 + 5 annuli, gastroporal duct bottle-shaped ........

 ....................................................... Orobdella tsushimensis Nakano, 2011
8 Gastroporal duct bulbiform, epididymides in XVI to XVIII .........................

 ................................................................. Orobdella whitmani Oka, 1895
– Gastroporal duct simple tubular, epididymides absent, small paired sperm 

duct bulbs in XV ...............................................Orobdella ketagalan sp. n.
9 Color grayish blue .....................................................................................10
– Color brown, gonopores separated by 1/2 + 4 + 1/2 annuli ...........................

 ..................................................................Orobdella koikei Nakano, 2012
10 Gonopores separated by 2/3 + 4 + 1/3, gastroporal duct simple tubular but 

bulbous at junction with gastropore ....... Orobdella esulcata Nakano, 2010
– Gonopores separated by 6 annuli, gastroporal duct simple tubular ................

 ........................................... Orobdella kawakatsuorum Richardson, 1975
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Abstract
Three new species of Atopsyche Banks (Hydrobiosidae) from Brazil are described and illustrated: Atopscyhe 
(Atopsaura) blahniki sp. n., Atopsyche (Atopsyche) parauna sp. n., and Atopsyche (Atopsaura) galharada sp. 
n. Additional illustrations of the male genitalia of A. urumarca Schmid are provided, including its popula-
tional variation. Also, we provide new state records for 2 species: A. (Atopsyche) urumarca from São Paulo, 
and A. (Atopsaura) plancki Marlier from Santa Catarina.

Keywords
Atlantic forest, Atopsyche, Brazil, caddisfly, Hydrobiosidae, Neotropics

Introduction

Atopsyche Banks constitutes the most diverse genus in the family Hydrobiosidae, with 
over 120 described species (Holzenthal and Cressa 2002, Holzenthal et al. 2007). 
The genus occurs from the southwestern United States to northern Argentina, but it 
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is replaced by other genera of Hydrobiosidae in the Chilean subregion (Holzenthal 
and Cressa 2002). Schimd (1989) provided a world revision of the family Hydro-
biosidae, including comments on the classification and phylogeny of Atopsyche and 
descriptions of several new species. Currently, 19 species are recorded from Brazil, of 
which only 2 were recorded after Schmid (1989): A. chirihuana Schmid, originally 
described from Ecuador; and A. erigia Ross, originally described from Mexico (Blah-
nik et al. 2004).  Following Schmid (1989), Atopsyche species are divided into three 
subgenera, based on features of the male genitalia: Atopsaura Ross, Atopsyche Banks, 
and Dolochorema Banks.

In this paper, we describe 3 new species of Atopsyche from southeastern Brazil. 
These additional species bring the number of known caddisflies species from Brazil 
to 569, but many species of this and other genera remain undescribed. In addition, 
we illustrate variations in the male genitalia of A. urumarca Schmid, and provide 
new state distributional records of A. urumarca from São Paulo and A. plancki 
Marlier from Santa Catarina.

Material and methods

Morphological terminology used in this paper follows that presented by Schmid 
(1989). The lactic acid method (Blahnik et al. 2007) was used for specimen prepara-
tion. Genital structures were observed and illustrated with a compound microscope, 
equipped with a drawing tube. Pencil sketches were scanned and placed into an 
Adobe Illustrator (v. 13.0.0, Adobe Systems Inc.) document to produce a digital 
illustration. Descriptions provided for new species were made using the software 
DELTA (Dallwitz et al. 1999). Holotypes are deposited in the Museu de Zoologia, 
Universidade de São Paulo, São Paulo, Brazil (MZSP). Paratypes and other mate-
rial examined are deposited in the MZSP and also in the University of Minnesota 
Insect Collection, St. Paul, Minnesota, USA (UMSP), the National Museum of 
Natural History, Smithsonian Institution, Washington DC, USA (NMNH), and 
the Coleção Entomológica Prof. José Alfredo Pinheiro Dutra, Universidade Federal 
do Rio de Janeiro, Rio de Janeiro, Brazil (DZRJ).

taxonomy

Atopsyche (Atopsaura) blahniki sp. n.
urn:lsid:zoobank.org:act:17398E47-24AC-45A6-8FEF-CF2B3A9BBFE2
http://species-id.net/wiki/Atopsyche_blahniki
Figs 1, 4, 7

Diagnosis. This new species is most similar to Atopsyche zernyi Flint, also described from 
Brazil. Both species have an apical process on the first article of the inferior append-
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age as long as the second article, and a phallotheca with long paired processes, apically 
upturned and narrow. However, Atopsyche blahniki sp. n. differs from A. zernyi by the 
narrower parapod, longer filipod (exceeding length of parapod), and in the apices of the 
paired processes from the phallotheca, which bear several spines on their lateral edges.

Figure 1. Atopsyche (Atopsaura) blahniki sp. n. Male genitalia: A lateral B parapod, lateral C parapod and 
preanal appendage, dorsal D inferior appendage, ventral e phallic apparatus, lateral F phallic apparatus, 
dorsal. Abbreviations: aed aedeagus fil filipod inf app inferior appendage par parapod phal phallotheca 
pr app preanal appendage proc proctiger IX abdominal segment IX.
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Male. Forewing length 5.5 mm (n=1). Overall body color brown; antennal scape 
brown, with long brown setae, pedicel brown, basal flagellomeres yellow, apical flag-
ellomeres brown; setae of palps yellow; frons and vertex of head with long, erect 
brown and whitish setae; legs yellowish brown, coxae and femora of forelegs darker 
brown. Forewings brown; erect setae on veins forming irregular pattern of alternate 
dark brown and yellow setae; apex of wing with fringe of alternating patches of dark 
brown and yellow setae. Forewing venation complete (Fig. 4A); R1 branched; stem 
of fork I about twice its length; fork II long, sessile; stem of fork III equal to its 
length; fork IV long, sessile; stem of M almost straight between m-cu crossvein and 
first fork of M; fork V long, narrow; Cu2 long, converging near fused anal veins; 
apex of fused anal veins very short. Hind wing (Fig. 4B) with Sc and R1 fused api-
cally; forks I, III, and V present, the first with a short stem, the last long with a short 
stem, stem of fork III equal to its length; forks II and IV absent; M3+4 not reaching 
wing margin; Cu2 long and almost straight; 1A long and sinuate. Nygmas indistinct 
in both wings. Tergum II with pair of prominent glands at posterolateral margin 
(Fig. 7A); tergum III with pair of prominent gland at anterolateral margin, lined at 
opening with minute setae (Figs 7A, 7B). Sternum V with pair of small, rounded 
glands on anterolateral margins (Fig. 7C). Sterna VI and VII with prominent spine-
like ventral processes on posteromesal margins.

Male genitalia. Segment IX, in lateral view, long (Fig. 1A). Parapod narrow, 
simple, with small dorsolaterally directed tooth-like projections and short, stout se-
tae (Figs 1A, 1B, 1C). Filipod long, slender, with elongate setae along length, apex 
attenuate (Fig. 1A). Preanal appendage short, rounded, setose (Figs 1A, 1C). Inferior 
appendage, first article long, slightly widened apically, otherwise relatively narrow 
and of uniform width, with subtriangular apical process, nearly equaling second 
article in length (Figs 1A, 1D); second article small, with subacute apex and small 
rounded carina ventrally (Figs 1A, 1D). Proctiger, in lateral view, broadly widened 
apically, with truncate apical margin, covered with minute setae, apicodorsal mar-
gin with long setae (Fig. 1A). Phallic apparatus complex (Fig. 1E, 1F); phallotheca 
broadly rounded basally, with narrow ventral process articulating with inferior ap-
pendages (Fig. 1E); posteriorly divided into long, paired processes (Fig. 1F); pro-
cesses apically upturned and narrow, covered with minute setae and bearing spines 
on lateral edges (Figs 1E, 1F); aedeagus an elongate, stout, spine-like structure, with 
slight ventral curvature near base (Fig. 1E).

Holotype male. BRAZIL: Rio de Janeiro: Cachoeiras de Macacu, Rio Souza, 
16°26.567'S, 42°37.957'W, 150 m, 16.iii.1996, Holzenthal, Rochetti & Oliveira 
(pinned) (UMSP000031906) (MZSP).

Paratypes. BRAZIL: Rio de Janeiro: same data as holotype, 23 females (pinned) 
(17 females, UMSP; 2 females, NMNH; 2 females, MZSP; 2 females, DZRJ).

Etymology. This new species is named in honor of Dr. Roger Blahnik, who identi-
fied this new species.
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Atopsyche (Atopsyche) parauna sp. n.
urn:lsid:zoobank.org:act:D90947CD-CF4E-44EA-9819-D47E65CCF7F6
http://species-id.net/wiki/Atopsyche_parauna
Figs 2, 5, 8

Diagnosis. This new species is most similar to A. jaba Blahnik and Gottschalk, de-
scribed from Costa Rica. These two species share a similar mesal process on the first ar-
ticle of the inferior appendage and the complex phallotheca, with paired processes pos-
teriorly. Atopsyche parauna sp. n. can be distinguished from A. jaba and other Atopsyche 
species by the broad parapod, in lateral view, with the dorsolateral margin serrate and 
with a midlateral spinose projection, whereas in A. jaba, the parapod has 2 prominent 
spines. In addition, the second article of the inferior appendage is shorter and slightly 
hooked in the new species, and the phallotheca is posteriorly divided into 2 long, 
paired processes, the dorsal one birfucate apically and the ventral one curved mesally.

Male. Forewing length 5.0–5.5 mm (n=10). Overall body color brown; antennal 
scape brown, with long stramineous setae, pedicel brown, basal flagellomeres yellow, api-
cal flagellomeres brown; setae of palps yellow; frons and vertex of head with long, erect 
brown and whitish setae; legs yellowish brown, coxae of all legs darker brown. Forewings 
brown; erect setae on veins forming distinct mottled pattern of alternate dark brown and 
yellow setae, with dark brown setae along costal margin; apex of wing with fringe of al-
ternating patches of dark brown and yellow setae. Forewing venation complete (Fig. 5A); 
R1 branched; stem of fork I equal to its length; fork II long, sessile; stem of fork III equal 
to its length; fork IV long, sessile; stem of M slightly curved between m-cu crossvein and 
first fork of M; fork V long, narrow; Cu2 long, converging near fused anal veins, crossvein 
near apex forming small cell on posterior margin of wing; apex of fused anal veins very 
short. Hind wing (Fig. 5B) with Sc and R1 fused apically; forks I, III, and V present, 
the first with a short stem, the last long with a short stem, stem of fork III longer than 
its length; forks II and IV absent; M3+4 reaching wing margin; Cu2 long and almost 
straight; 1A long and strongly curved, with row of elongate setae along its length. Nyg-
mas indistinct in both wings. Terga III and IV with pair of prominent rounded glands at 
anterolateral margin, lined internally with minute setae (Fig. 8A). Sternum V with pair 
of small rounded glands on anterolateral margins, with a keel-like projection (Fig. 8B). 
Sterna VI and VII with prominent spine-like ventral processes on posteromesal margins.

Male genitalia. Segment IX, in lateral view, short (Fig. 2A). Parapod broad, with 
dorsolateral margin serrate, setose, and with small, midlateral spinose projection (Figs 
2A, 2B). Filipod long, slender, with elongate setae along length, apex somewhat capi-
tate (Fig. 2A). Preanal appendage short, rounded, setose (Figs 2A, 2B). Inferior ap-
pendage, first article long, slightly constricted mesally, otherwise relatively narrow and 
of uniform width, without apical process, but mesally with small process at midlength, 
bearing short spines (Figs 2A, 2C); second article small, slightly hooked apically (Figs 
2A, 2C). Proctiger, in lateral view, broadly widened apically, with angulate apical mar-
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Figure 2. Atopsyche (Atopsyche) parauna sp. n. Male genitalia: A lateral B parapod and preanal append-
age, dorsal C inferior appendage, ventral D phallic apparatus, lateral e phallic apparatus, dorsal.

gin, covered with minute setae, apicodorsal margin with long setae (Fig. 2A). Phallic 
apparatus complex (Figs 2D, 2E); phallotheca broadly rounded basally, with short 
rounded ventral process articulating with inferior appendages (Fig. 2D); posteriorly 
divided into two long, paired processes, dorsal one longer and bifurcate apically, ven-
tral one curved mesally (Figs 2D, 2E); aedeagus an elongate, stout, spine-like structure, 
with ventral curvature near base (Fig. 2D).



Three new species of Atopsyche Banks (Trichoptera, Hydrobiosidae) from Brazil 71

Holotype male. BRAZIL: Minas Gerais: Rio Paraúna, 3 km S Santana do Ria-
cho, 19°10.986'S, 43°43.485'W, 650 m, 11.xi.2001, Holzenthal, Paprocki, Blahnik 
& Amarante (pinned) (UMSP000080716) (MZSP).

Paratypes. BRAZIL: Minas Gerais: same data as holotype, 2 males, 3 fe-
males (pinned) (UMSP); Cardeal Mota, Cachoeira Véu da Noiva, 19°18.912'S, 
43°36.260'W, 800 m, 12.xi.2001, Holzenthal, Paprocki, Blahnik & Amarante, 2 
males (pinned) (DZRJ); Rio Cipó, Cachoeira de Baixo, 19°20.553'S, 43°38.531'W, 
750 m, 10.xi.2001, Holzenthal, Paprocki, Blahnik & Amarante, 3 males (pinned) (2 
males, NMNH; 1 male, UMSP).

Etymology. This species is named after the river where the holotype was collected, 
that means “black river” in the Tupi-guarani language.

Atopsyche (Atopsaura) galharada sp. n.
urn:lsid:zoobank.org:act:4664284A-65D7-4F52-8ADB-8E66C1EAF4C2
http://species-id.net/wiki/Atopsyche_galharada
Figs 3, 6, 9

Diagnosis. This is a distinctive new species in the genus, belonging to the A. longipennis 
Ulmer group of the subgenus Atopsaura. Atopsyche galharada sp. n. resembles A. ayah-
uaca Schmid and A. plancki Marlier in the absence of filipods and in the simple phal-
lotheca. The new species can be distinguished from the others by the broader parapod 
with 2 carinas bearing tooth-like processes. The new species and A. plancki are similar 
in the short and broad first article of the inferior appendage, with an apical process, but 
in the new species this process is longer and the second article of the inferior append-
age is broad in ventral view, and slightly hooked in lateral view. Also, A. galharada has 
the proctiger with a broad lateral sclerotized projection, and the phallotheca posteriorly 
divided into long, paired flangelike processes, broadest subapically, in dorsal view.

Male. Forewing length 6.5–7.5 mm (n=23). Overall body color brown; antennal 
scape light brown, with long stramineous setae, pedicel brown, basal flagellomeres 
yellow, apical flagellomeres brown; setae of palps dark brown; frons and vertex of 
head with long, erect stramineous setae; legs yellowish brown, coxae of all legs darker 
brown. Forewings brown; erect setae on veins forming irregular pattern of alternate 
dark brown and yellow setae, with dark brown setae along costal margin; apex of wing 
with fringe of alternating patches of dark brown and yellow setae. Forewing venation 
complete (Fig. 6A); R1 branched; stem of fork I equal to its length; fork II long, sessile; 
stem of fork III equal in length to stem of fork I; fork IV long, sessile; stem of M slight-
ly curved between m-cu crossvein and first fork of M; fork V long, narrow; Cu2 long, 
converging near fused anal veins, crossvein near apex forming small cell on posterior 
margin of wing; apex of fused anal veins very short. Hind wing (Fig. 6B) with Sc and 
R1 fused apically; forks I, III, and V present, the first with a short stem, the last long 
with a short stem, stem of fork III equal to its length; forks II and IV absent; M3+4 
reaching wing margin; Cu2 long and almost straight; 1A long and sinuate. Nygmas 
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Figure 3. Atopsyche (Atopsaura) galharada sp. n. Male genitalia: A lateral B parapod and preanal append-
age, dorsal C inferior appendage, ventral D phallic apparatus, lateral e phallic apparatus, dorsal.

indistinct in both wings. Sternum V with pair of small rounded glands on anterolateral 
margins, with a keel-like projection (Fig. 9). Sterna VI and VII with prominent spine-
like ventral processes on posteromesal margins.
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Figures 4–6. Atopsyche spp. n. Male wing venation: Figure 4 A. (Atopsaura) blahniki sp. n. 4A forewing 
4B hind wing. Figure 5 A. (Atopsyche) parauna sp. n. 5A forewing 5B hind wing. Figure 6 A. (Atopsaura) 
galharada sp. n. 6A forewing 6B hind wing.
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Figures 7–9. Atopsyche spp. n. Abdominal glands: Figure 7 A. (Atopsaura) blahniki sp. n. 7A terga II and 
III, lateral 7B tergum III, dorsal C sternum V, lateral. Figure 8 A. (Atopsyche) parauna sp. n. 8A terga 
III and IV, dorsal 8B sternum V, ventral. Figure 9 A. (Atopsaura) galharada sp. n., sternum V, lateral.

Male genitalia. Segment IX, in lateral view, long (Fig. 3A). Parapod broad basally, 
narrow apically, with two carinas bearing tooth-like processes along dorsolateral edges 
and short, stout setae (Figs 3A, 3B). Filipod absent (Fig. 3A). Preanal appendage short, 
rounded, setose (Figs 3A, 3B). Inferior appendage, first article short, uniformly broad, 
with narrow apical process, nearly equaling second article in length (Figs 3A, 3C); 
second article large, bulging basally and downturned apically, in ventral view, broad 
(Figs 3A, 3C). Proctiger, in lateral view, uniformly wide, with broad lateral sclerotized 
projection and truncate apical margin, covered with minute setae, apicodorsal margin 
with long setae (Fig. 3A). Phallic apparatus simple (Figs 3D, 3E); phallotheca broadly 
rounded basally, not articulating with inferior appendages (Fig. 3D); posteriorly di-
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vided into long, paired flangelike processes, broadest subapically, in dorsal view (Fig. 
3E); aedeagus an elongate, stout, spine-like structure, with strong basal loop (Fig. 3D).

Holotype male. BRAZIL: São Paulo: Campos do Jordão, Parque Estadual de 
Campos do Jordão, Rio Galharada, 22°41.662'S, 45°27.783'W, 1530 m, 4–5.iii.1996, 
Holzenthal & Guahyba (pinned) (UMSP000031880) (MZSP).

Paratypes. BRAZIL: São Paulo: same data as holotype, 2 females (pinned) 
(MZSP); same data, except 22.i.1998, Holzenthal, Froehlich & Paprocki,17 fe-
males (pinned) (UMSP); same data, except 13–15.ix.2002, Blahnik, Prather, Melo, 
Huamantinco, 1 male, 3 females (alcohol) (UMSP); Parque Estadual de Campos do 
Jordão, Campo do Meio, 22°41.750'S, 45°29.448'W, 1500 m, 21.i.1998, Holzen-
thal, Froehlich & Paprocki, 2 females (pinned) (UMSP); same data, except 6.iii.1996, 
Holzenthal & Guahyba, 1 male, 2 females (pinned) (NMNH); Rio Casquilho, 3.4 
km NE Parque Estadual de Campos do Jordão, 22°40.29'S, 45°27.87'W, 1550 m, 
23.1.1998, Holzenthal, Froehlich & Paprocki, 18 males, 39 females (pinned) (15 
males, 34 females, UMSP; 3 males, 5 females, DZRJ); Ribeirão do Casquilho, Bosque 
Vermelho, ca. 5 km Parque Estadual de Campos do Jordão, 22°40'S, 45°27.5'W, 1435 
m, 16.ix.2002, Blahnik, Prather, Melo & Huamantinco, 3 males (UMSP).

Etymology. This species is named after the river where holotype was collected.

Atopsyche (Atopsyche) urumarca Schmid
http://species-id.net/wiki/Atopsyche_urumarca
Figs 10

Atopsyche (Atopsaura) urumarca Schmid, 1989: 131 [type locality: Brazil, Serra do 
Cipó, Rio Capivara; MZSP; male].

Diagnosis. Atopsyche urumarca Schmid was described from Minas Gerais state, Bra-
zil, and placed in the A. bolivari Banks group. According to Schimid (1989), A. 
urumarca is most similar to A. pachacutec Schmid, especially in the form of the 
parapod and the apex of the phallotheca, but they differ in the structure of the sec-
ond article of the inferior appendage. We have examined material from southeastern 
Brazil, including the type locality, and we found an interesting populational varia-
tion in the male genitalia structure. This variation is noticeable in the shape of the 
parapod and the apex of phallotheca. In all specimens, the parapod, in lateral view, 
is broad basally, with an oblique, mesal U-shaped incision, but this incision is deep-
est in specimens collected in Ipoema, Minas Gerais state, and shallow in specimens 
from São Paulo state; the parapod also can end in a narrow and rounded apex or 
bear a small, dorsal spine. The phallotheca is broadly rounded basally, with 3 paired 
processes posteriorly, the dorsal one long and broad, with small dorsal and ventral 
projections at its apex. Some specimens have a small, additional spine-like process on 
the posterior margin of this dorsal process, and the ventral margin can be rounded, 
slightly pointed, or pointed and hooked apically.
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Material examined. BRAZIL: Minas Gerais: Serra do Cipó, Rio Capivara, 
19°20.553'S, 43°38.531'W, 950 m, 11.ii.1998, Holzenthal & Paprocki, 2 males 
(pinned) (UMSP); Serra do Cipó, trib. to Rio Capivara, 19°14.396'S, 43°34.939'W, 
1000 m, 18.ii.1998, Holzenthal & Paprocki, 3 males (pinned) (MZSP); Rio Tanque, 
ca. 12 km (rd) from Ipoema, 19°32.208'S, 43°26.878'W, 750 m, 16.v.1998, 
Holzenthal & Paprocki, 2 males, 1 female (pinned) (DZRJ); Rio Santo Antônio, 
downstream from Morro do Pilar, 19°08.134'S, 43°21.256'W, 530 m, 17.x.2000, 
Paprocki & Ferreira, 1 male (pinned) (UMSP); P.E. de São Gonçalo do Rio Preto, 
Rio Preto, 18°07.841'S, 43°20.246'W, 791 m, 12.x.2000, Paprocki, Amarante, Sal-

Figure 10. Atopsyche (Atopsyche) urumarca Schmd. Variation in male genitalia. A lateral, specimen from 
Ipoema, Minas Gerais B–D parapod, lateral B specimen from Serra do Cipó, Minas Gerais C specimen 
from Morro do Pilar, Minas Gerais D specimen from Altinópolis, São Paulo e–G phallic apparatus, lat-
eral e specimen from Ipoema F specimen from Morro do Pilar G specimen from Altinópolis.
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gado, 1 male (alcohol) (UMSP); São Paulo: Altinópolis, Cachoeira dos Macacos, 
20°55.390'S, 47°22.758'W, 758 m, 18.xi.2003, Holzenthal, Paprocki & Calor, 27 
males, 15 females (pinned) (UMSP), 9 males, 1 female (alcohol) (DZRJ); Altinópo-
lis, Fazenda São João da Mata, Rio Baguassu, 21°00.588'S, 47°28.900'W, 745 m, 
19–21.xi.2003, Holzenthal, Paprocki & Calor, 8 male, 17 females (pinned) (3 males, 
5 females, NMNH; 5 males, 12 females, UMSP), 28 males (alcohol) (UMSP); Pe-
dregulho, Sítio Bruninho, 20°09.240'S, 47°30.704'W, 630 m, 17.xi.2003, Holzen-
thal, Paprocki & Calor, 1 male, 1 female (pinned) (UMSP); Pedregulho, Ribeirão 
São Pedro, 20°09.113'S, 47°30.626'W, 617 m, 16.ix.2003, Holzenthal, Paprocki, 
Calor, 1 male (alcohol) (UMSP).

Atopsyche (Atopsaura) plancki Marlier
http://species-id.net/wiki/Atopsyche_plancki

Atopsyche (Atopsaura) plancki Marlier 1964: 2 [type locality: Brazil, São Paulo; IRSNB; 
male] - Blahnik et al. 2004: 4 [distribution; Brazil: Minas Gerais and Rio de Ja-
neiro states]

Material examined. BRAZIL: Santa Catarina: Parque Ecológico Spitzkopf, confl. 
Rio Ouro & Rio Caeté, 27°00.352'S, 49°06.693'W, 140 m, 25.xi.2003, Holzenthal, 
Paprocki, Calor, 1 male (alcohol) (UMSP).
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Abstract
Study of the syntype of Larinioides subinermis, a species known from Ethiopia only, revealed that it ac-
tually belongs to Singafrotypa Benoit, 1962. We redescribe Singafrotypa subinermis (Caporiacco, 1940), 
comb. n., and provide a key to females of four species belonging to Singafrotypa. A distribution map for 
all species is provided.
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Introduction

The small African orb-weaver genus Singafrotypa was found to be restricted to western, 
southern and central Africa (Fig. 14). It presently contains 3 species: S. acanthopus 
(Simon, 1907), S. mandela Kuntner & Hormiga, 2002 and S. okavango Kuntner & 
Hormiga, 2002 (Kuntner and Hormiga 2002). Examination of syntypes of Larinioides 
subinermis revealed its generic affinity to Singafrotypa and therefore expands the known 
diversity of this genus. Except for the original description based on a female, it was 
considered in two further taxonomic publications by Grasshoff (1970, 1983) who ex-
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amined the types. Grasshoff (1970) indicated that L. subinermis belonged to Cyclosini, 
although Larinioides is a member of Araneini (Grasshoff 1983) he did not make any 
formal transfer. When Grasshoff returned the types to MZUF he noted that the species 
actually belonged to Singafrotypa Benoit, 1962 and considered it as a junior synonym 
of S. acanthopus (Simon, 1907) (Berdondini and Whitman 2002).

Our study of a syntype of Larinioides subinermis showed that Grasshoff’s informal 
synonymy was not correct. This became evident after studying the recently published 
revision of Singafrotypa by Kuntner and Hormiga (2002). Although L. subinermis is 
rather similar to S. acanthopus, the type species of the genus, it has clear differences.

In this paper we redescribe Larinioides subinermis and propose a new combination 
as Singafrotypa subinermis (= Larinioides s.), comb.n.

Material and methods.

Photographs were made with an Olympus Camedia E-520 camera attached to an 
Olympus SZX16 stereomicroscope at the Zoological Museum, University of Turku. 
Digital images were montaged using “CombineZP” image stacking software. Exam-
ined material is deposited in Museo Zoologico “La Specola” dell’Universita di Firenze, 
Florence, Italy (MZUF). The terminology of epigynal morphology follows Kuntner & 
Hormiga (2002). All measurements are in millimetres.

Abbreviations: BL – basal lamella of epigyne; CO – copulatory openings; 
EB – epigynal base; LL – lateral lamella of epigyne; MP – median plate of epigyne; 
SC – scapus.

taxonomy

Singafrotypa Benoit, 1962

Singafrotypa subinermis (Di Caporiacco, 1940), comb. n.
http://species-id.net/wiki/Singafrotypa_subinermis
Figs 1–5, 9, 13

Larinioides s. Di Caporiacco 1940: 821, f. 28 (♀).

Material. 1♀ Syntype, Coll N°72, Mag. N°2581, Ethiopia, Lago Regina Margherita 
on island, 16.1,1938 (L. Di Capporiacco)

Diagnosis. Singafrotypa subinermis can be recognized from other females of Sin-
gafrotypa by the relative proportion of the scapus to the epigynal base (ventral view) 
– tip of the scapus only slightly protruding over the base of the epigyne, and position 
of copulatory openings on the edge of the epigynal base (Figs 6–9). Unlike S. oka-
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vango, it does not have a heart-shaped epigynal base and a long, distinctly wrinkled 
scapus (Figs 8, 12). It differs from S. mandela by the absence of stout macrosetae on 
the palpal tarsus and paturon, a conical palpal tarsus (Kuntner and Hormiga 2002), 

Figures 1–5. Female of Singafrotypa subinermis. 1 ventral 2 dorsal 3 pedipalp, retrolateral 4 epigyne, 
dorsal 5 ibid., posterior.
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Figures 6–13. Epigynes of Singafrotypa. 6, 10 S. acanthopus 7, 11 S. mandela 8, 12 S. okavango 9, 13 S. 
subinermis 6–9 epigyne, dorsal 7–13, ibid., posterior (Figs 6–8, 7–12 redrawn with permission, after 
Kuntner and Hormiga 2002).

and in the shape of the epigynal base (Figs 7, 11). The epigyne of S. subinermis is the 
most similar to S. acanthopus (Figs 6, 10), but it differs from latter by having fewer 
wrinkles on the scapus with a round tip (triangular in S. acanthopus), and the shal-
low depression of the median plate without protruding lateral lamellae (Figs 9, 13).

Description. Female. Total length 11.6. Carapace 4.2 long, 3.2 wide. Length 
of patella + tibia I 3.8. Carapace uniform red-brown, covered with small white 
hairs; cephalon protruding. Diameter of AME is 1.3 times larger than PME. Dis-
tance between AME 2 times longer than between PME. Chelicerae dark brown; 4 
promarginal teeth, 3 retromarginal teeth. Sternum, brown, anteriorly in the mid-
dle with short, indistinct pale stripe; longer than wide (Fig. 1). Abdomen elon-
gated, yellowish with two longitudinal brown stripes (Fig. 2), ventrally yellow, 
paler between epigastric furrow and spinnerets (Fig. 1). Legs yellow. Palp normal, 
no conical tarsus (Fig. 3). Femur I with 1 prolateral spine; 3 small, dorsal spines; 
no retrolateral spines.

Epigyne as in Figs 4, 5, 9, 13. Epigyne well sclerotized, protruding, with well de-
veloped scapus; epigynal base as wide as long, narrowing anteriorly (dorsal view); basal 
lamella thin, poorly developed; median plate with shallow depression (under scapus); 
copulatory openings located anteriorly on the edge of the base; flexible scapus almost 
as long as epigynal base, indistinctly wrinkled with a round tip (Figs 4, 9).

Distribution. Only known from the type locality, islands of Lake Abaya in Ethio-
pia (Fig. 14). Singafrotypa subinermis is the easternmost species of the genus.
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Key for females of Singafrotypa

1 Epigynal base (ventral) oval or round ..........................................................2
– Epigynal base heart-shaped; long wrinkled scapus (Figs 8, 12) .....S. okavango
2 Copulatory openings in the middle or more anteriorly on epigynal base (ven-

tral); epigynal base (ventral) as wide as long; palpal tarsus not conical; cheli-
cerae and palpal tarsus without stout macrosetae .........................................3

Figure 14. Distribution of the species of Singafrotypa (after Kuntner & Hormiga 2002 with additional lo-
cality of S. subinermis). (http://upload.wikimedia.org/wikipedia/en/2/21/Africa_satellite_orthographic.jpg) 
♦ S. acanthopus ■ S. mandela ● S. okavango  S. subinermis.
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– Copulatory openings posteriorly on epigynal base; epigynal base wider than 
long (Figs 7, 11); stout short macrosetae on palpal tarsus, and laterally on 
paturon .......................................................................................S. mandela

3 Scapus with many wrinkles, protrudes over epigynal base (ventral); copulatory 
openings in the middle of epigynal base (ventral); deep depression of median 
plate anteriorly with protruding lateral lamellae (posterior) (Figs 6, 10) .........
 ................................................................................................ S. acanthopus

– Scapus with few wrinkles, does not protrude over epigynal base; copulatory 
openings anteriorly on epigynal base (ventral); shallow depression of median 
plate without protruding lateral lamellae (posterior) (Figs 9, 13) ...................
 ............................................................................................... S. subinermis
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