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Abstract
Dorvilleids were collected from hydrothermal vents on the Southwest Indian Ridge by manned submers-
ible Jiaolong. These represent a new species of Ophryotrocha that is here described as Ophryotrocha jiaolongi 
sp. n. This is the first dorvilleid described from vents on the Southwest Indian Ridge. It most closely 
resembles another vent species, Ophryotrocha akessoni Blake, 1985 from the Galapagos Rift, but can be 
distinguished by its antennae, palps, jaw structure. The new species has particularly distinctive mandibles, 
which allow it to be easily identified.
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Introduction

Ophryotrocha Claparède & Mecznikow, 1869 is a diverse dorvilleid genus with more 
than 70 species described to date. These are distributed world-wide in diversified 
habitats from shallow water to deep-sea. A number of species in this genus are 
opportunistic or stress tolerant, can reach high abundance in reducing environments, 
such as hydrothermal vents and cold seeps, as well as whale and wood fall ecosystems 
(Desbruyères et al. 2006, Levin et al. 2003, Wiklund et al. 2009, Wiklund et al. 2012, 
Taboada et al. 2013, Salvo et al. 2014, Ravara et al. 2015). To date five Ophryotrocha 
species: O. akessoni Blake, 1985, O. fabriae Paxton & Morineaux, 2009, O. globopalpata 
Blake & Hilbig, 1990, O. platykephale Blake, 1985, and O. wubaolingi Miura, 1997 
have been reported from hydrothermal vents (Blake 1985, Blake and Hilbig 1990, 
Miura 1997, Paxton and Morineaux 2009). These have been recovered in association 
with other animals such as siboglinid worms, mussels, clams, or in microbial mats 
(Desbruyères et al. 2006, Paxton and Morineaux 2009).

Ophryotrocha has previously been reported from vent fields on the Central Indian 
Ridge (Van Dover et al. 2001, Watanabe and Beedessee 2015) and the Southwest In-
dian Ridge (Copley et al. 2015). However, they have not been described. In this paper, 
dorvilleid worms from vents field on the Southwest Indian Ridge were studied and 
named as the sixth Ophryotrocha species from the hydrothermal vents.

Material and methods

Sample collection and morphological analyses

In January 2015, the China Ocean Mineral Resource R&D Association (COMRA) 
cruise DY35 was carried out by the research vessel Xiangyanghong 9, visiting the South-
west Indian Ocean. Sampling from the vents field was undertaken by the manned 
submersible Jiaolong. Specimens collected from two sites of the Longqi vent field, were 
sieved through a 250 μm mesh sieve, sorted, and preserved in 95% ethanol on board. 
The holotype and most paratypes are deposited in the repository of the Second Insti-
tute of Oceanography (RSIO), Hangzhou, China; additional paratypes are deposited 
in the Scripps Institution of Oceanography Benthic Invertebrate Collection (SIO-
BIC), La Jolla California, USA.

Specimens were examined and photographed using a Zeiss V20 stereomicroscope 
with AxioCam ICc5 camera and a Leica DM5000 compound microscope. Jaws and 
chaetae were analyzed by scanning electron microscope (SEM). Jaws from both holo-
type and paratype were obtained after digesting anterior decapitated ends with a pro-
teinase K solution at room temperature. Once the tissue was digested, the jaw elements 
were cleaned with distilled water and transferred to a glass cover slip. All elements for 
SEM were mounted on stubs and sputter coated with platinum-palladium and imaged 
using a Hitachi TM1000 scanning electron microscope.
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DNA extraction was done with DNeasy blood and tissue kit (Qiagen, CA, USA) 
following the protocol supplied by the manufacturer. About 680 bp of CO1, 500 bp 
of 16S and 350 bp of H3 were amplified using primers LCO1490 and CO-E (Folmer 
et al. 1994, Bely and Wray, 2004) for CO1, 16SarL and 16SbrH (Palumbi 1996) for 
16S and H3F and H3R (Colgan et al. 2000) for H3. PCR mixtures contained ddH2O, 
1µl each primer (10 µM), 2 µl template DNA, 0.5 U of Taq polymerase (TAKARA, 
China), 2.5 µl of buffer solution (supplied by the polymerase manufacturer) and 0.5 
µl of 2.5 mM dNTPs solution in a mixture of total 25µl. The temperature profile was 
as follows: 96°C/240s - (94°C/30s - 50°C/30s - 72°C/60s) * 35cycles - 72°C/420s. 
PCR products were purified with QIAquick PCR purification kit (Qiagen, CA, USA) 
following the protocol supplied by the manufacturer. Sequencing was performed 
by Sangon Biotech (Shanghai, China) on an ABI 3730XL DNA analyser (Applied 
Biosystems). Alignments of the three genes (CO1, 16S, H3) were performed using 
the program MAFFT (Katoh and Standley 2013) with all DNA data of dorvilleids 
available from Genbank. A maximum likelihood (ML) analysis was conducted by 
RAxML (Stamatakis 2014) using combined data of the three genes.

Systematics

Dorvilleidae Chamberlin, 1919
Ophryotrocha Claparède & Mecznikow, 1869

Ophryotrocha jiaolongi sp. n.
http://zoobank.org/60CF9A6D-DBB9-4048-9C1C-501E94C580E0
Figs 1–4

Holotype. (RSIO35301) Southwest Indian Ridge, Longqi vent field, HOV Jiaolong 
Dive 94, 49.6495°E; 37.7835°S, 2760m depth, 11 January 2015: ~ 10 mm long, 58 
chaetigers; Paratypes: 21 specimens (RSIO35302) from same location as holotype; 7 
specimens (RSIO35303) from Southwest Indian Ridge, Longqi vent field, 49.6501°E; 
37.7836°S, 2737m depth; 8 specimens (SIO-BIC A6729) same locality as holotype.

Description. In life, body translucent (Fig. 1a), becoming opaque white after pres-
ervation (Fig. 2a, b). Body shape elongated, slightly dorsoventrally compressed, length 
up to 10 mm for more than 50 chaetigers, width 1.1 mm, uniform throughout the 
body, slightly tapering posteriorly (Fig. 2a, b). Prostomium wider than long, anterior 
margin rounded, posterior medial area slightly raised. Paired antennae short, digiti-
form, inserted dorsally, reaching to the anteriorly rounded edge of the prostomium 
(Fig. 2c, Fig. 4a). Paired palps digitiform, similar length as antennae, inserted ventral-
laterally on prostomium (Fig. 2d). Eyes not visible. Peristomium with two rings sub-
equal in length to following segments, the first ring with two notches ventrally on 
both sides of the jaw (Fig. 2d). Complete ciliary bands are observed on peristomium 
segments and chaetigers. Pygidium with terminal anus, two digitiform pygidial cirri 
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Figure 1. a Ophyrotrocha jiaolongi sp. n. (red arrows) specimens in vivo at the hydrothermal vent with 
mussels b same hydrothermal vent structure where Ophryotrocha specimens collected. Bars: 5 cm (a).

inserted laterally, similar in length with the parapodia on the last chaetigers, a small 
median papilla ventrally placed (Fig. 2a, b, Fig. 4b).

Mandibles rod-like, each cutting plate composed of two sub-triangular plates, dor-
sal plate larger than ventral plate, fused together from anterior and middle sides, distal 
edge smooth, with single blunt peak, no serration or teeth observed (Fig. 3a). Maxillae 
P-type (Fig. 3b, Fig. 4c), forceps comb-like with more than 30 teeth slightly decreasing 
in size distally (Fig. 3b), seven pairs of free denticles (D), posteriormost pair (D1) oval 
shaped, longer than wide, smaller than forceps, D2-D7 shovel shape, wide sub-equal 
with long, except D3 clearly longer than wide (Fig. 3b, d). D2-D3 with a slightly larger 
main fang and similar long sharp teeth (Fig. 3b, d), D4–D5 with alternating long and 
short teeth (Fig. 3c), D6–D7 with serrated margin similar as D4–D5 or with smooth 
margin (Fig. 3e). K-type maxillae not found.

Parapodia uniramous, slightly broadening distally with long sub-conical dorsal 
cirri and short nub-like ventral cirri (Fig. 4d). Supra-acicular chaetae simple, distally 
serrated, tapering abruptly into a fang, bearing several tiny spines on both sides distally 
(Fig. 3f ), maximum 8 chaetae per fascicle. Sub-acicular chaetae compound, blades 
with distally curved main fang and double row of spines, heterogomph shaft with 
several spines distally (Fig. 3g), maximum 11 chaetae per fascicle. Some parapodiau 
appear to have sub-acicular retractable lobes with 1–3 simple chaetae (Fig. 3h).

Etymology. Ophryotrocha jiaolongi sp. n. is named after the Chinese manned sub-
mersible Jiaolong, in recognition of its successful expedition to the hydrothermal vents 
of the Southwest Indian Ridge.
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Figure 2. Ophyrotrocha jiaolongi sp. n., holotype. a dorsal view of whole body b ventral view of whole 
body c dorsal view of anterior region d ventral view of anterior region. Bars: 1 mm (a, b), 0.5 mm (c, d).

Remarks. The complex pharyngeal jaw apparatus, which is morphologically well 
characterized by the presence of ventral mandibles and dorsal maxillae, is an impor-
tant diagnostic feature in Dorvilleidae (Rouse and Pleijel 2001). Mandibles of most 
Ophryotrocha species have been reported with a distally serrated edge or smooth anterior 
margin with anterior mandibular peaks. Ophryotrocha jiaolongi sp. n. has distinctive 
mandibles, with folded sub-triangular cutting plates, a distally smooth edge and a single 
anterior blunt peak, which easily distinguish it from other Ophryotrocha species. Among 
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Figure 3. Ophyrotrocha jiaolongi sp. n. SEM images. (a–c, f–h holotype d–e paratype) a mandible, 
ventral view b forceps with free denticles 1-3 (D1-D3), dorsal view c free denticles 4-5 (D4-D5) d forcep 
with free denticles 1-3 (D1-D3) e free denticles 5-7 (D5-D7) f supra-acicular simple chaeta g sub-acicular 
compound chaeta f simple chaetae on sub-acicular lobe. Bars: 200 µm (a, b), 50 µm (c, h), 100 µm (d, e), 
10 µm (f, g).

Figure 4. Ophyrotrocha jiaolongi sp. n. a prostomial, dorsal view b pydigium, dorsal view c maxillae with 
7 pairs of free denticles d parapodia, anterior view. Bars: 500 µm (a, b), 200 µm (c, d).
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Figure 5. Maximum likelihood tree of the combined analysis from three genes (CO1, 16S, H3). Bootstrap 
support values (only higher than 50 were shown) were generated with a rapid bootstrapping algorithm for 1000 
replicates. Double asterisk indicates support value of 100, single asterisk indicates support value of 95 or above.

Ophryotrocha species, O. jiaolongi sp. n. most closely resembles O. akessoni Blake, 1985, 
in the general morphology of the prostomium, peristomium, ciliary bands, parapodia 
and chaetae, as well as in mandibular and maxillary structure. Ophryotrocha jiaolongi sp. 
n. differs from O. akessoni in having shorter antennae and palps and slight differences in 
jaw structure. The maxillae appear to be P-type in both species, although Blake referred 
to that of O. akessoni as tending towards K-type in the adult. Ophryotrocha jiaolongi has 
alternating large and small teeth on D4-D5, while O. akessoni has alternating large and 
small teeth on the forceps and D1.



Zhang et al  /  ZooKeys 687: 1–9 (2017)8

DNA. Sequences of Ophryotrocha jiaolongi sp. n. are deposited at NCBI Genbank 
with accession numbers CO1 KY906961–KY906965, 16S MF398963–MF398967, 
and H3 MF398968–MF398972. Preliminary phylogenetic analysis of the DNA data 
suggests that O. jiaolongi sp. n. is closely related to O. clava from whale bones. However, 
only one sequence of vent species (O. globopalpata) is currently available, which is locat-
ed in a different clade from the new species. Further DNA data is being acquired from 
other vent Ophryotrocha species, which will help us to get a better understanding of the 
relationship among vents Ophryotrocha species in the near future (Zhang et al. in prep.).
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Abstract
A new species of Eupolybothrus Verhoeff, 1907 discovered in caves of Velebit Mountain in Croatia is de-
scribed. E. liburnicus sp. n. exhibits a few morphological differences from its most similar congeners, all 
of which are attributed to the subgenus Schizopolybothrus Verhoeff, 1934, and two approaches to species 
delimitation using the COI barcode region identify it as distinct from the closely allied E. cavernicolus 
Stoev & Komerički, 2013.

E. spiniger (Latzel, 1888) is redescribed and a lectotype is designated for it as well as E. caesar (Verhoeff, 
1899) to stabilize their respective taxonomic status. The subspecies E. acherontis wardaranus Verhoeff, 1937, 
previously suspected to be a synonym of E. caesar (Verhoeff, 1899), is redescribed and its taxonomy revised 
after the study of type material whereas the identity of E. acherontis (Verhoeff, 1900) described from a 
female from southwest Trebinje (Bosnia and Herzegovina) remains unknown. Type material of E. stygis 
(Folkmanova, 1940) is confirmed to be lost and future designation of neotypes from topotypic specimens is 
necessary to stabilize its taxonomy. The importance of setal arrangement on the intermediate and 14th tergites 
and the sexual modifications on the male 15th prefemur for species identification is discussed in the light of 
present findings, and a review of the species of E. (Schizopolybothrus) that display these traits is also provided.
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Introduction

The genus Eupolybothrus Verhoeff, 1907 comprises ca. 40 valid and doubtful species 
and subspecies. All species are described from Eastern European and circum-Mediter-
ranean countries, including the largest Mediterranean islands, Corsica, Crete, Cyprus, 
Sardinia and Sicily (Zapparoli 2002, Stoev et al. 2010, 2013).

Seven subgenera were defined for the genus Eupolybothrus, based on a combination 
of morphological characters but these groupings remain questionable and perhaps do 
not reflect phylogenetic relationships (see Stoev et al. 2010, 2013). However, they tradi-
tionally helped to facilitate species identification with conventional taxonomic methods. 
Verhoeff (1934) designated the subgenus Schizopolybothrus and assigned Lithobius caesar 
Verhoeff, 1899 as its type species. This subgenus was later re-defined by Jeekel (1967) 
and extended to include all species with posterior projections on tergites 9, 11 and 13, 
having spines 15VCa and 15VCm and a simple apical claw on the ultimate legs (Eason 
1983). Jeekel (1967) also divided the subgenus into three species groups, based on male 
gonopods and modifications of the 15th leg but this subdivision was recently rejected 
by Stoev et al. (2013), who considered groups II and III as invalid due to an erroneous 
placement of several species. In group III, E. zeus (Verhoeff, 1901) and E. sissi (Kanel-
lis, 1959) were for instance synonymized with E. (Mesobothrus) transsylvanicus (Latzel, 
1882) by Zapparoli (2002) and E. excellens (Silvestri, 1894) was wrongly placed together 
with E. tabularum (Verhoeff, 1937) in group II, based only on female characters.

Currently, the subgenus Schizopolybothrus comprises nine species and subspecies, viz. 
Eupolybothrus acherontis (Verhoeff, 1900), E. acherontis wardaranus (Verhoeff, 1937), E. 
caesar (Verhoeff, 1899), E. cavernicolus Komerički & Stoev, 2013, E. excellens (Silvestri, 
1894), E. leostygis (Verhoeff, 1899), E. spiniger (Latzel, 1888), E. stygis (Folkmanova, 
1940), and E. tabularum (Verhoeff, 1937). Some of these are still poorly known and of 
uncertain taxonomic status. For example, E. spiniger, E. stygis, E. acherontis and E. acherontis 
wardaranus were known only from their original descriptions (see also Stoev 2001a, b, Stoev 
et al. 2010). While E. leostygis was recently re-described (Eason 1983, Stoev et al. 2013), all 
attempts to find new material of E. stygis have failed and the types are now confirmed to be 
destroyed (Tuf, personal communication). Here, we 1) describe a new species,  
sp. n., recently collected in caves of Velebit Mountain in Croatia; 2) compare all species 
of Schizopolybothrus focusing on morphological characters that involve modifications 
of the male prefemur 15 and the intermediate tergite, and supplementing these with 
the cytochrome c oxidase subunit I (COI) gene for species delimitation; 3)  examine 
and re-describe the type material of E. spiniger and E. acherontis wardaranus housed in 
Naturhistorisches Museum Wien and the Zoologische Staatssammlung München (ZSM) 
respectively; 4) designate a lectotype for both E. spiniger and E. caesar. E. acherontis, 
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described by Verhoeff (1900) from a single female specimen and housed in the Senckenberg 
Naturmuseum Frankfurt am Main, was not accessible to study.

An integrative approach with a combination of morphological and molecular 
methods is certainly required to better understand the evolutionary history of this 
group and delineate the number of valid taxa, towards which the present work is a step.

The present work is part of an ongoing revision of the subfamily Ethopolyinae 
(Stoev et al. 2010, Porco et al. 2011, Komerički et al. 2012, Stoev et al. 2013).

Materials and methods

Morphology

All specimens were collected by hand and preserved in 70% or 96% ethanol. The holo-
type was photographed in situ using a Canon 400D camera with a 65 mm macro ob-
jective. Microphotographs were obtained with a Nikon DS-F2.5 camera mounted on 
a Nikon SMZ25 stereomicroscope using NIS-Elements Microscope Imaging Software 
with an Extended Depth of Focus (EDF) patch. For scanning electron microscopy, 
parts of some specimens were cleaned with ultrasound, transferred to 96% ethanol 
then to acetone, air-dried, mounted on aluminum stubs, coated with Platinum/Pal-
ladium and studied in a JEOL JSM-6335F scanning electron microscope. All images 
were edited in Adobe Photoshop CS6 and assembled in Adobe InDesign CS6. Type 
material is shared between the Croatian Biospeleological Society – Croatian Natural 
History Museum (CBSS), The Natural History Museum Denmark – University of Co-
penhagen (ZMUC), Naturhistorisches Museum Wien (NHMW), and the National 
Museum of Natural History, Sofia (NMNHS).

Morphological terminology follows Bonato et al. (2010).

Molecular species delimitation

The standard DNA barcoding locus, the Folmer-fragment of the cytochrome c oxi-
dase subunit I (COI) gene was sequenced to delimit E. liburnicus sp. n. from other 
Eupolybothrus species. Mid-body legs of four specimens conserved in 70% and 96% 
ethanol were sent to the Canadian Centre for DNA Barcoding, Guelph, where stand-
ard protocols for DNA isolation, PCR and sequencing were performed. The analysed 
specimens are stored in The Barcode of Life Data System (BOLD) (Ratnasingham and 
Hebert 2007) project ‘Eupolybothrus in Croatia’ (EUCR). Genetic data for the mo-
lecular comparison of Eupolybothrus species were retrieved from Stoev et al. (2013). All 
COI-sequences were aligned using the MAFFT-plugin of Geneious 5.4.7 (Kearse et 
al. 2012) under the G-INS-i option proposed for less than 200 sequences with global 
homology. Primer sequences at the 5’ and 3’ ends of the alignment were manually 
trimmed. Molecular species delimitation was performed using two approaches.
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Firstly, we used the Automatic Barcode Gap Discovery (ABGD) method of Puillandre 
et al. (2012). ABGD semi-automatically screens for the presence of a barcoding gap sepa-
rating within-species (intraspecific) and between-species (interspecific) genetic diversity. 
We tested several prior combinations of relative gap width (X; ranging from 0.05 – 1.5), 
minimal intraspecific distance (Pmin; starting at 0.001) and maximal intraspecific distance 
(Pmax; 0.02 – 0.20). Pmin and Pmax refer to the parameter space where a barcoding gap 
can be expected, whereas X defines the width of the gap. The Kimura-2-parameter (K2P) 
model was used for calculating genetic distances in ABGD (Ts/Tv = 2.0).

Secondly, we applied the inverse statistical parsimony (SP) method proposed by 
Hart and Sunday (2007) for the molecular delimitation of species based on haplotype 
networks using the program TCS 1.21 (Clement et al. 2000). A connection prob-
ability of 95% was set. Conversely, this means that species, i.e. the number of uncon-
nected haplotype networks, are delimitated by 95% statistical confidence. MEGA 6.06 
(Tamura et al. 2013) was used for 1) the construction of a Neighbor-Joining (NJ) 
topology with the K2P substitution model under the pairwise deletion option and for 
the final visualization of the molecular delimitation results and 2) the calculation of 
inter- and interspecific K2P-genetic distances for the delineated species.

Material studied

In addition to recently collected material of a new species listed under its types below, 
the following material of previously named species was examined:

Eupolybothrus (Schizopolybothrus) acherontis ssp. wardaranus (Verhoeff, 1937): 1 ♂ 
Reg. Nr. A 200500641; 1 ♀ juv., slide preparation, Reg. Nr. A20030873, “Mazedonien: 
Skoplje” (ZSM). Eupolybothrus (Schizopolybothrus) caesar (Verhoeff, 1899): 1 ♂, “Greece, 
Korfu, K. W. Verhoeff leg.”, NHMW 1452, lectotype, designated here. Eupolybothrus 
(Schizopolybothrus) cavernicolus Komerički & Stoev, 2013: Ad. ♂ Croatia, Knin, NP Krka, 
cave Miljacka II, 09.II.2013, M. Lukić leg., CBSS – CHP 536, holotype; 1 ♂ Croa-
tia, Knin, NP Krka, cave Miljacka II, 21.X.2012, A. Komerički leg., CBSS – CHP 552 
(specimen poorly preserved, damaged), 1 ♂ Croatia, Knin, NP Krka, cave Miljacka II, 
10.IX.2015, A. Komerički leg., CBSS – CHP 570. Eupolybothrus (Schizopolybothrus) le-
ostygis (Verhoeff, 1899): Ad. ♂ Croatia, Dubrovnik, Gromača, cave Špilja za Gromačkom 
vlakom, 29.IV.2004, R. Ozimec & H. Bilandžija leg., CBSS – CHP 406, BOLD ID: 
EUCR062; ♂ Croatia, Dubrovnik, Gromača, cave Špilja za Gromačkom vlakom, 
27.IV.2010, M. Lukić & A. Komerički leg., CBSS – CHP 502, BOLD ID: EUCR017; 
♂ Croatia, Dubrovnik, Gromača, cave Špilja za Gromačkom vlakom, 27.IV.2010, M. 
Lukić & A. Komerički leg., CBSS – CHP 503, BOLD ID: EUCR018. Eupolybothrus 
(Schizopolybothrus) leostygis patens (Attems, 1935): 2 ♂♂, Greece, “Epirus, Nisista (bei 
einer Quelle)”, 01.V.1933, Beier M. leg., NHMW 1453, NHMW 8331, syntypes. Eu-
polybothrus (Schizopolybothrus) spiniger (Latzel, 1888): Ad. ♂, “Bosnien, 1887 J. Karlinski 
leg.”, NHMW 1463, don. Latzel Nachlass 1919, lectotype designated here; 1 subad. ♂, 
Bosnien, 1887 J. Karlinski leg., NHMW 8830, don. Latzel Nachlass 1919, paralectotype.
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Results

Order Lithobiomorpha Pocock, 1895
Family Lithobiidae Newport, 1844
Subfamily Ethopolyinae Chamberlin, 1915
Genus Eupolybothrus Verhoeff, 1907

Eupolybothrus liburnicus sp. n.
http://zoobank.org/56310DD5-FB8E-483F-BF93-CE6AF9679CF1
Figs 1–6, 11H, 12A, C

Material. Holotype. Ad. ♂, Croatia, Obrovac, Gornji Čabrići, cave Plitka peć, under 
rock, 09.II.2013, A. Komerički leg., CBSS – CHP 545.

Paratypes. Croatia, Southern Velebit: 2 ♀, Obrovac, Gornji Čabrići, cave Plit-
ka peć, 23.VI.2012, T. Vujnović, A. Komerički & R. Baković leg., CBSS – CHP 
538; 6 juv., Obrovac, Gornji Čabrići, cave Plitka peć, 23.VI.2012, A. Komerički 
leg., CBSS – CHP 541; 2 ♂♂ subadult, Obrovac, Gornji Čabrići, cave Plitka peć, 
20.III.2013, K. Miculinić & A. Komerički leg., CBSS – CHP543); 1 ♀, Obrovac, 
Gornji Čabrići, cave Plitka peć, 23.V.2013, P. Rade & T. Čuković leg., NHMW8409; 
1♂, 1 ♀, Obrovac, Gornji Čabrići, cave Plitka peć, 23.V.2012, P. Rade leg., NMNHS 
CHILOPODA-2016-0003; 1 ♀, Seline, cave Markova špilja, under rock, 01.V.2010, 
J. Bedek leg., CBSS – CHP 407, BOLD ID: EUCR 048; 1 ♀, Obrovac, Krnjeza 
canyon, cave Bundalova pećina, 11.VII.2009, R. Baković leg., CBSS – CHP 448; 
BOLD ID: EUCR 052; 1 ♀, Obrovac, Gornji Čabrići, cave Plitka péc, 29.IX.2009, 
M. Hodžić leg., CBSS – CHP 457, BOLD ID: EUCR 067; 1 ♂, subadult, Obro-
vac, Gornji Čabrići, cave Skorupuša, 29.IX.2010, A. Ćukušić leg., CBSS – CHP 
458, BOLD ID: EUCR068; 2 ♀♀, 1 juv. Obrovac, Gornji Čabrići, cave Skorupuša, 
23.VI.2012, A. Komerički leg., CBSS – CHP539; 7 juv. Obrovac, Gornji Čabrići, 
cave Skorupuša, 23.VI.2012, A. Komerički leg., CBSS – CHP 540; 1 ♂, 1 juv. Obro-
vac, Gornji Čabrići, cave Rašeljkovac, 23.VI.2012, A. Komerički leg., CBSS – CHP 
544; 1 ♀, Obrovac, Gornji Čabrići, cave Rašeljkovac, 20.III.2013, A. Komerički leg., 
ZMUC 00040236 ; 1 ♂, Obrovac, Gornji Čabrići, cave Rašeljkovac, 23.IV.2013, K. 
Miculinić leg., ZMUC 00040237; Mid-body segments and detached legs, Obrovac, 
Gornji Čabrići, cave Rašeljkovac, 23.V.2013, K. Miculinić leg., CHP: 551, NMNHS 
CHILOPODA-2016-0001; head and anterior segments, Obrovac, Gornji Čabrići, 
cave Rašeljkovac, 20.III.2013, A. Komerički leg., CHP: 547, NMNHS CHILOPO-
DA-2016-0002.

Diagnosis. A species morphologically similar to E. cavernicolus, genetically differing 
from it by 11% interspecific distance based on COI, and morphologically differing by the 
slightly convex posterior margin of T14, presence of 15CxVp and 15PDp spines, and by 
the leg 15 to body length ratio of ca. 64% in the adult male.

Description. Males. Based on holotype CHP545 (light photographs) and para-
type ZMUC 00040237 (SEM).
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Body length: (from anterior margin of cephalic plate to posterior margin of tel-
son) approx. 30 mm.

Colour: tawny-brown to yellowish, ventral part and legs paler (Fig. 1A).
Head: cephalic plate slightly broader than long (3.6 × 3.1 mm, respectively) and 

wider than T1 (Fig. 1B); surface smooth, with numerous scattered setae. Cephalic 
median sulcus contributing to biconvex anterior margin, marginal ridge with a median 
thickening; posterior margin straight to slightly concave; transverse suture situated at 
about 1/3rd of anterior edge; posterior limbs of transverse suture visible, connecting 
basal antennal article with anterior part of the ocellar area.

Ocelli: 1+14 blackish irregular ocelli in 3-4 rows; outermost first seriate ocellus 
largest; ocelli of the middle two rows medium-sized, those of inferior row smallest 
(Fig. 1C).

Tömösváry’s organ: moderately large (as large as a medium ocellus), oval and 
situated on a sub-triangular sclerotisation below the inferiormost row of seriate ocelli.

Clypeus: showing a cluster of 25 setae situated on the apex and near the lateral 
margins (Fig. 2A).

Antennae: ca. 19.8 mm long, ultimate and penultimate articles of same length 
(Fig. 2B); left antenna composed of 61 articles, right antenna 57 articles; slightly sur-
passing posterior margin of T7 (right) or T9 (left) when folded backwards, basal two 
articles enlarged and less setose; the posterior 30 articles visibly longer than broad. 
Antenna to body length ca. 66%.

Forcipular segment (Figs 2C, 3A): coxosternite subpentagonal (Fig. 2C), shoul-
ders almost absent (steep), lateral margins straight; anterior margin set off as a rim by 
furrow; coxosternal teeth 8+7, median diastema small, V-shaped, steep and narrow, 
short porodont arising from a pit below the dental rim, situated lateral to the lateral-
most tooth; base of porodont as thin as adjacent tooth (Fig. 3A, po); coxosternite 
sparsely setose anteriorly; setae moderately large, irregularly dispersed (Fig. 3A). For-
cipular trochanteroprefemur, femur and tibia and proximal part of forcipular tarsun-
gulum with several setae. Distal part of forcipular tarsungulum about 3 times longer 
than proximal part, ca. 2 mm long (Fig. 2C).

Tergites: T1 wider than long, subtrapeziform, wider anteriorly, posterior margin 
straight or slightly emarginated, marginal ridge with a small median thickening; TT3 
and 5 more elongated than T1, posterior margin slightly emarginated medially, pos-
terior angles rounded; posterior angles of T4 rounded; posterior margin of T8 slight-
ly emarginated medially, angles rounded; TT6 and 7 with posterior angles abruptly 
rounded (Fig. 3B); TT9, 11, 13 with well-developed posterior triangular projections 
(Fig. 3B, C); posterior margin of TT10 and 12 distinctly emarginated, that of T14 
slightly convex, all strongly setose on posterior margin; intermediate tergite hexagonal, 
with a membranous area reaching up the 2/3rd of its length (Fig. 11H) and posterior 
margin straight, lateral edges thickened and covered with setae (Fig. 4A); middle part 
of posterior third of tergite densely covered with setae (Fig. 5F); laterally, on both 
sides of the central setose area are two bare subtrapezoidal spots (Fig. 4A). All tergites 
smooth, setae present only along their lateral margins.
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Figure 1. Eupolybothrus liburnicus sp. n. habitus, cephalic plate+T1 and ocelli. A Habitus, holotype B 
Cephalic plate and T1, holotype, dorsal view C Ocelli, paratype ZMUC 00040237.
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Figure 2. Eupolybothrus liburnicus sp. n., holotype head. A Clypeus, ventral view B Tip of antenna 
C Forcipules, ventral view.



Eupolybothrus liburnicus sp. n. with notes on subgenus Schizopolybothrus 19

Figure 3. Eupolybothrus liburnicus sp. n., holotype, coxosternum, tegites and leg. A Close-up of coxoster-
num, ventral view B TT7-9, dorsal view C TT11-13, dorsal view D Tarsi 1, 2 and pretarsus of midbody 
leg. Abbreviations: po: porodont, ss: seriate setae.
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Figure 4. Eupolybothrus liburnicus sp. n., male paratype ZMUC 00040237, last tergites and pretarsi of leg 
10 and 15. A T14 and intermediate tergite, dorsal view B Pretarsus of leg 10, dorsolateral view C Pretarsus 
of leg 15, lateral view.

Legs: leg 15 ca. 64% body length; leg 14 approx. 25% longer than legs 1-12, leg 
13 only slightly longer than legs 1-12; pretarsus of legs 1–14 with stouter posterior ac-
cessory claw (approx. as long as fundus) and a slightly thinner anterior accessory claw 
(= spine, sensu Bonato et al. 2010) (Figs 4B, C); pectinal (seriate) setae missing on 
tarsus1 and 2 of leg 15, present in one short row on tarsus 2 of leg 14, in one row on 
tarsus 1 and two rows on tarsus 2 of legs 1-13, (Fig. 3D, ss); pretarsus of leg 15 without 
accessory spines (Fig. 4C). Length of podomeres of leg 15: coxa 1 mm, prefemur 2.7 
mm, femur 3.0 mm, tibia 5.3 mm, tarsus 1 4.8 mm, tarsus 2 2.3 mm, pretarsus 0.2 
mm. Prefemur of leg 15 with a large proximal knob (Fig. 5A, pk) protruding mediad 
and bearing a cluster of long setae dorsally (Figs 5B, 11H), in dorsal view the knob as 
broad as the prefemur, mesally continuing in a ridge reaching 2/3rd of the prefemur 
length and gently narrowing distad (Fig. 5A, pr). Posterior edge of prefemur with a 
well-defined circular protuberance densely covered with short, thin setae, situated be-
tween p and m spines dorso-medially (Fig. 5A, cp); rest of prefemur covered with sparse 
setae. Dorsal spine p on prefemur with furcate tip, also noticed on other podomeres 
and legs (Fig. 5C). Legs 1-14 without particular modifications.

Coxal pores: generally round, arranged in 6-7 irregular rows, pores of inner rows 
largest, size decreasing outwards; pores separated from each other by a distance more 
than or equal to their diameter; number of pores on leg-pair (measured on right leg) 
12: 51, 13: 61, 14: 15: 44 (Fig. 5D).
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Figure 5. Eupolybothrus liburnicus sp. n., male paratype ZMUC 00040237, leg 15 and genital segment. 
A Prefemur 15, posteriodorsal view B Close-up of the setae cluster on male prefemur 15 C Close-up of 
the prefemoral spine D Coxal pore field, ventral view E Genital segment, ventral view F Genital segment, 
dorso-apical view. Abbreviations: cp: circular protuberance, pk: prefemoral knob, pr: prefemoral ridge, 
sc: cluster of setae.

Sternites: smooth, subtrapeziform, with few sparse setae, mainly at lateral mar-
gins; posterior margins straight.

Genitalia: posterior margin of male first genital sternite concave, posterior margin 
densely covered with long setae, the rest of sternite sparsely covered with shorter ones 
(Fig. 5E); gonopod small, concealed above sternite.

Plectrotaxy: as in Table 1.



Nesrine Akkari et al.  /  ZooKeys 687: 11–43 (2017)22

Table 1. Eupolybothrus liburnicus sp. n. plectrotaxy. C – Coxa, Tr – trochanter, P – prefemur, F – femur, 
T – tibia, a, m, p spines in respectively, anterior, medial and posterior position.

++ Ventral Dorsal
C Tr P F T C Tr P F T

1 amp amp amp amp a-p a-p
2 amp amp amp amp a-p a-p
3 amp amp amp amp a-p a-p
4 amp amp amp amp a-p a-p
5 amp amp amp amp a-p a-p
6 amp amp amp amp a-p a-p
7 amp amp amp amp a-p a-p
8 amp amp amp a amp a-p a-p
9 amp amp amp a amp a-p a-p
10 amp amp amp a amp a-p a-p
11 amp amp amp a amp a-p a-p
12 m amp amp amp a amp a-p a-p
13 m amp amp amp a amp a-p a-p
14 am m amp am a a amp p a-p
15 amp m amp amp a a amp p p

Description of the female, based on paratype NHMW 8409 (Fig. 6A, B).
Body length: ca. 43 mm; leg 15 ca. 22.8 mm or 52.9% body length.
Colour: uniformly tawny-brown to yellowish.
Head: cephalic plate broader than long (4 × 3.7 mm, respectively).
Ocelli: 18 blackish subequal ocelli in 6–7 rows.
Tömösváry’s organ: moderately large (as large as or slightly larger than a medium 

ocellus), oval, situated slightly above the cephalic edge below the inferiormost row of ocelli.
Clypeus: with a cluster of ca. 25 trichoid setae situated on the apex and lateral 

margins.
Antennae: approx. 18.5 mm long, composed of 73 articles.
Forcipular segment: coxosternite subpentagonal, shoulders almost absent, lateral 

margins straight; anterior margin set off as a rim by furrow; coxosternal teeth 9+8.
Tergites: T1 wider than long, subtrapeziform, wider anteriorly, posterior margin 

straight or slightly emarginated, marginal ridge with a small median thickening; TT3 and 
5 more elongated than T1, posterior margin slightly emarginated medially, posterior an-
gles rounded; posterior angles of T4 rounded; posterior margin of T8 slightly emarginated 
medially, angles rounded; TT6 and 7 with posterior angles abruptly rounded; TT9, 11, 
13 with well-developed posterior triangular projections; posterior margin of TT10 and 
12 slightly emarginated, that of T14 transverse, all with scarce setae on posterior margin; 
intermediate tergite hexagonal, posterior margin slightly concave, lateral edges setose, its 
surface with scattered setae in a few rows located on the lateral margins and the posterior 
half (Fig. 6A). The rest of the tergites smooth, setae present only on lateral margins.
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Figure 6. Eupolybothrus liburnicus sp. n., A, B, female paratype NHMW 8409. A Intermediate and 
terminal tergite, dorsal view B Female terminal sternite and gonopods C, D Iimmature males C CHP544 
D CHP543. Arrows point to incipient proximal knob.

Legs: leg 15 longest ca. 22.8 mm, 53% of body length; leg 14 ca. 17 mm, leg 13 
ca. 10.6 mm only slightly longer than legs 1–12, midbody leg (ca. 10 mm); pretarsus of 
legs 1–14 with a more expanded fundus, larger posterior accessory claw (approx. 1/3rd of 
fundus) and a slightly thinner and shorter anterior accessory claw; pectinal (seriate) se-
tae lacking on tarsi 1 and 2 of leg 15, present in one short row on tarsus 2 of leg 14, and 
in one row on tarsus 1 and two rows on tarsus 2 of legs 1-13; pretarsus of leg 15 without 
accessory spines. Leg 15 slender and elongate, without particular modifications.
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Coxal pores: generally round, forming 6-7 irregular rows, pores of inner rows larg-
est, size decreasing outwards; pores separated from each other by a distance more than 
or equal to their own diameter (Fig. 6B).

Sternites:  smooth, subtrapeziform, with few sparse setae, mainly at lateral mar-
gins; posterior margins straight.

Female gonopods: densely setose, with 2+2 long, slim and pointed spurs slightly 
bent and a single blunt claw; outer spur 1.5 longer than the inner one, approx. 5 times 
longer than broad at base (Fig. 6B).

Etymology. Liburnicus denotes „of Liburnia“, a district in the coastal region of the 
northeastern Adriatic; adjective.

Variation. The proximal knob on the male prefemur is substantially smaller in 
immature males than in mature specimens. For example, CHP544 (body length 11.6 
mm) has the prefemoral knob represented by only a low swelling that lacks setae 
(Fig. 6C), and the medial ridge extending from that swelling is low but distinct; the 
posterior circular, setose protuberance of adults is indistinct at this size. The posterior 
part of T14 bears relatively sparse setae, but the tergite of the intermediate segment has 
a field of dense setae on each side of the midline, and leg 15 is 61% of body length (ver-
sus 64% in the holotype). In a male of body length 8.8 mm (CHP543), the prefemur 
has only a faint bulge in the position of the proximal knob (Fig. 6D), but the tergite of 
the intermediate segment has a fringe of dense setae on each side of the desclerotized 
median strip. The female gonopods display spurs with a consistent number (2+2) and 
sharp, slender shape, with the outer spur on the order of 1.5 times the length of the 
inner spur. Forcipular teeth are most numerous in the largest specimens, with 6+6 or 
7+7 teeth the usual number in specimens less than 25 mm long; some small specimens 
(e.g., CHP457, body length 10.4 mm) have only 5+5 teeth.

Habitat. E. liburnicus sp. n. is here recorded from five caves of the Velebit Moun-
tain, Croatia. Four of these (Plitka peć, Skorupuša, Rašljekovac and Bundalova pećina) 
are situated in the area where the southern slopes of the Crnopac Massif meet the 
Krupa River canyon while one of them, Markova špilja, is a small anchialine cave situ-
ated a few hundred meters from the Adriatic coast near the village of Seline.

The type locality is Plitka peć (Fig. 7), a cave near the village Gornji Čabrići, 
Obrovac, Zadar County, Croatia. It was formed in Paleogene and Neogene limestone 
breccias. The cave is small, approx. 30 m long, with a large entrance and a thick layer 
of sediment on the floor, rich in flowstone and speleothems. The climatic conditions 
in Plitka peć as measured on 29 September 2010 are as follows: air temperature=12.7° 
C, sediment temperature=11.4° C, relative humidity=100%. The specimens were col-
lected in both photic and aphotic zones, under stones and in the sediment. The cave is 
inhabited by spiders of the family Linyphiidae; Pseudoscorpiones: Neobisium elegans 
Beier, 1939, Chthonius (Globbochthonius) sp.; Isopoda: Alpioniscus sp., Androniscus 
sp., Cyphopleon sp., Collembola: Neelidae, Tullbergiidae, Lepidocyrtus sp. (Bregović 
et al. 2013).
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Other species

Eupolybothrus spiniger (Latzel, 1888)
Figs 8, 11E

Lithobus spiniger Latzel, 1888: 93.

Material. Lectotype. adult ♂, Bosnia and Herzegovina, 1887, J. Karlinski leg., 
NHMW 1463, new designation. Paralectotype. 1 subadult ♂, Bosnia and Herzego-
vina, 1887, J. Karlinski leg., NHMW 8330.

Original description (translated from Latin). ‘Robust, slightly punctate to smooth, 
posteriorly granulate, chestnut to reddish-brown; glossy. Two antennae slightly elongate, with 
50-56 articles. Ocelli on each side: 16-19 (1 + 4, 4, 4, 3 - 1 + 4, 5, 5, 3, 1), in 4-5 longi-
tudinal rows. Forcipular coxosternum: with 14-22 short teeth (7 + 7 - 11 + 11). Tergites 9, 
11, 13 with posterior pointed projections, 14 with irregular margin, gradually narrowing 
posteriad in two pointed projections; coxal pores numerous, round, placed in irregular rows. 
Ultimate legs: elongate and robust with simple claw; spines: 1, 1, 4, 2, 0-1, coxa with 3 
spines on lateral margins. In male ultimate legs, third article (femur) with a large protuber-
ance anteriorly, and indented internal margins. Female: 28-35 mm long, 3.5-4 mm broad.’

Descriptive notes based on the lectotype. Specimen with broken antenna; 15th legs 
detached, missing terminal articles, left legs 1, 3, 5 and part of the left forcipule missing.

Figure 7. Occurrence of E. liburnicus sp. n. in Croatia. A Collecting sites (yellow triangle) B Entrance 
of the cave Plitka peć, type locality of E. liburnicus sp. n. (photo by K. Miculinić).
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Body length: (from anterior margin of cephalic plate to posterior margin of telson) 
ca. 33 mm.

Colour: reddish brown, head and first tergite darker.
Head: cephalic plate slightly broader than long (3.5 × 3.8 mm, respectively) and 

wider than T1 (Fig. 8B); surface smooth, with marks of scattered setae. Cephalic me-
dian sulcus contributing to biconvex anterior margin, marginal ridge with a median 
thickening; posterior margin straight to slightly concave; transverse suture situated at 
about 1/3rd of anterior edge; posterior limbs of transverse suture visible, connecting 
basal antennal article with anterior part of the ocellar area.

Ocelli: 18, blackish, in 4 irregular rows; outermost first seriate ocellus largest; 
ocelli of the middle two rows medium-sized, those of inferior row smallest.

Tömösváry’s organ: moderately large (as large as a medium ocellus), oval and 
situated on a sub-triangular sclerotisation below the inferiormost row of seriate ocelli.

Clypeus: showing a cluster of 30 setae situated on the apex and near the lateral 
margins (Fig. 8C).

Antennae: Broken, with more than 54 articles.
Forcipular segment: Coxosternum with 9+9 teeth and a porodont situated lateral 

of the distalmost tooth on both sides (Fig. 8D, E).
Tergites: T1 wider than long, subtrapeziform, wider anteriorly (Fig. 8B), posterior 

margin straight or slightly emarginated, marginal ridge with a small median thickening; 
TT3 and 5 more elongated than T1, posterior margin slightly emarginated medially, 
posterior angles rounded; posterior angles of T4 rounded; posterior margin of T8 slightly 
emarginated medially, angles rounded (Fig. 8F); TT6, 7 without posterior projections 
(Fig. 8G), TT9, 11, 13 with posterior triangular projections (Fig. 8A, H), T14 with 
posterior margin gradually narrowing into two sub-triangular projections densely cov-
ered with setae indicated by marks on tergites (Fig. 8H); intermediate tergite hexagonal, 
posteriorly emarginated; median part with evident setal marks, laterally with two sub-
triangular setae-free spots.

Legs: leg 15 18.4 mm long, ca. 56% of body length; pectinal (seriate) setae 
missing on tarsus1 and 2 of leg 15, present in one short row on tarsus 2 of leg 14, 
in one row on tarsus 1 and two rows on tarsus 2 of legs 1-13 (Fig. 8I, ss). Prefe-
mur of leg 15 with a large proximal knob (Fig. 8J, pk) protruding mediad and 
possibly bearing a cluster of setae on tip (all setae broken but indicated by marks 
on prefemur), in dorsal view the knob is less broad than the prefemur and not as 
round as in E. caesar and E. leostygis. Mesial ridge thin, reaching 2/3rd the length of 
the prefemur, gently narrowing distad. Posterior edge of prefemur with a circular 
protuberance between p and m dorso-laterally (Fig. 8K, cp); rest of prefemur with 
obvious marks of setae.

Coxal pores: generally round, arranged in 6-7 irregular rows, pores of inner rows 
largest, size decreasing outwards; pores separated from each other by a distance more 
than, or equal to their diameter (Fig. 8L).

Sternites: smooth, subtrapeziform, with few sparse setae, mainly at lateral mar-
gins; posterior margins straight.
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Figure 8. Eupolybothrus spiniger Latzel 1889, lectotype NHMW 1463. A habitus B Cephalic plate, dor-
sal view C Clypeus, ventral view D Cephalic plate, ventral view E Close-up of the coxosternum, ventral 
view F Tergites 6-8, dorsal view G Tergites 9-12, dorsal view H Tergites 14-15, dorsal view I Tarsi 1, 2 
and pretarsus of midbody leg J Prefemur of leg 15, ventral view K Close-up of the circular protuberance 
L Sternite 14 and intermediate sternite, ventral view. Abbreviations: cp: circular protuberance, ss: seriate 
setae, pk: prefemoral knob.
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Genitalia: posterior margin of male first genital sternite concave, broadly V-
shaped, posterior margin densely covered with long setae, the rest of sternite sparsely 
covered with shorter setae (Fig. 8L). Gonopod small, not depicted.

Remarks. E. spiniger has not been collected since Latzel’s original description. The 
type material consists of two syntypes – an adult male and a juvenile - collected in Foča 
(a town within Republika Srpska, coordinates: 43°30'N, 18°47'E) at approximately 
1000 m altitude (Latzel 1888). Stoev et al. (2010) regarded E. (Schizopolybothrus) 
spiniger as a species of uncertain taxonomic status, presuming it to be a possible sen-
ior synonym of E. caesar (Verhoeff, 1899), and emphasizing the importance of the 
examination of the type material. Having now the opportunity to examine the types 
of E. spiniger, we were able to compare it directly with E. caesar and conclude that the 
species is valid, differing from E. caesar in several morphological traits, notably the 
distinctive sub-triangular projections on tergite 14 (see Table 2, Fig. 8H).

Eupolybothrus wardaranus (Verhoeff, 1937), stat. nov.
Figs 9, 11F

Eupolybothrus acherontis wardaranus Verhoeff, 1937: 100.

Material. Syntypes. 1 ♂ Reg. Nr. A 200500641; 1 ♀ juv., slide preparation, Reg. Nr. 
A20030873, “Mazedonien: Skoplje” (ZSM).

Descriptive notes based on the syntype ♂. Body length: (from anterior margin 
of cephalic plate to posterior margin of telson) approx. 29.2 mm.

Colour: uniform, yellowish brown.
Head: cephalic plate slightly broader than long (2 × 2.5 mm, respectively) and 

wider than T1; surface smooth, with scattered setae. Cephalic median sulcus contrib-
uting to biconvex anterior margin, marginal ridge with a median thickening; posterior 
margin straight to slightly concave; transverse suture situated at about 1/3rd of anterior 
edge; posterior limbs of transverse suture visible, connecting basal antennal article with 
anterior part of the ocellar area.

Ocelli: 18–20, pale, in 4 irregular rows; outermost first seriate ocellus largest; ocelli 
of the middle two rows medium-sized, those of inferior row smallest.

Tömösváry’s organ: moderately large (as large as a medium ocellus), oval and 
situated on a sub-triangular sclerotisation below the inferiormost row of seriate ocelli.

Clypeus: showing a cluster of ca. 25 setae situated on the apex and near the lateral 
margins.

Antennae: 10.4 mm, with 80 (left) and 79 (right) articles.
Forcipular segment: Coxosternum with 11+10 teeth and a porodont situated lat-

eral of the distalmost tooth.
Tergites: T1 wider than long, subtrapeziform, wider anteriorly, posterior margin 

slightly emarginated, marginal ridge with a small median thickening; TT3 and 5 
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Figure 9. E. wardaranus, male syntype. A Habitus B Terminal part, dorsal view C TT14-15, dorsal view 
D Sternites 14-15, ventral view E Tibia of leg 15. Arrows pointing to the ventral spines.

more elongated than T1, posterior margin slightly emarginated medially, posterior 
angles rounded; posterior angles of T4 rounded; posterior margin of T8 slightly emar-
ginated medially, angles rounded; TT6 and 7 with posterior angles abruptly rounded; 
TT9, 11, 13 with well-developed posterior triangular projections; posterior margin 
of TT10 and 12 slightly emarginated and 14 almost straight (Fig. 9C); intermediate 
tergite hexagonal, with a broad median groove narrowing distad and posterior margin 
almost straight, lateral edges thickened and covered with setae; middle part of poste-
rior third of tergite densely covered with setae; laterally, on both sides of the central 
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Figure 10. E. wardaranus, female syntype. A Cephalic plate ventral showing clypeus and mandibles 
B Maxillae C Forcipular coxosternum D Close-up of the tooth plate E, F Terminal segments and geni-
talia, ventral view.

setose area there are two specific bare subtrapezoid spots. All tergites smooth, setae 
present only along their lateral margins.

Legs: leg 15 10.9 mm long, ca. 37% of body length; pectinal (seriate) setae miss-
ing on tarsus 1 and 2 of leg 15, present in one short row on tarsus 2 of leg 14, in one 
row on tarsus 1 and two rows on tarsus 2 of legs 1-13. Tibia with two ventral spines 
(Fig. 9E). Prefemur of leg 15 with a large proximal knob (pk) protruding mediad 
and bearing long scattered setae on tip (Fig. 9B). Mesial ridge thin, extending 2/3 
of prefemur length, gently narrowing distad. Posterior margin of prefemur without 
circular protuberance between p and m dorso-medially; rest of prefemur with obvious 
marks of setae.
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Coxal pores: generally round, arranged in 5 irregular rows, pores of inner rows 
largest, size decreasing outwards; pores separated from each other by a distance more 
than, or equal to their diameter.

Sternites: smooth, subtrapeziform, with few sparse setae, mainly at lateral mar-
gins; posterior margins straight.

Genitalia: posterior margin of male first genital sternite concave, broadly V-
shaped, posterior margin densely covered with long setae, the rest of sternite sparsely 
covered with shorter setae. Gonopod not depicted.

Description of the syntype ♀, based on the slide A20030873 (ZSM) (Fig. 10).
The slide preparation contains the cephalic plate with mandibles in situ, maxillae 
(Fig. 10B), forcipular segment and terminal segments of a female syntype.

Clypeus: with a cluster of ca. 30 setae situated on the apex, near the lateral margins 
and smaller one scatted over the surface (Fig. 10A).

Forcipular segment: Coxosternum with 8+9 teeth and a porodont situated lateral 
of the distalmost tooth (Fig. 10C, D).

Female gonopods: densely setose, with 2+2 long and pointed spurs slightly bent 
and a single claw; outer spur 1.5 times longer than the inner one (Fig. 10E, F).

Remarks. Although originally described as a subspecies of E. acherontis, both the 
nominate subspecies as well as E. acherontis wardaranus have subsequently been sus-
pected to be junior synonyms of E. caesar (Stoev 2001a, b). Re-examination of its types 
now shows that E. wardaranus can be distinguished from E. caesar by the presence of a 
distomedial projection on the leg 14 prefemur in the latter species (Fig. 11A), versus its 
absence in E. wardaranus (Fig. 9B), and especially by the paired ventral spines on the 
tibia in E. wardaranus (Fig. 9E). E. caesar also has a swelling on the dorsal proximal-
most part of the leg 15 prefemur (proximal to the knob; Fig. 11A) that is less developed 
in all other species, including E. wardaranus (Fig. 11F). Since E. acherontis is known 
only from a female, the subspecific classification of Verhoeff is difficult to uphold. Ac-
cordingly, E. wardaranus is treated as a valid species herein.

Notes on the taxonomy of the subgenus Schizopolybothrus

The taxonomy of the subgenus Schizopolybothrus remains unsolved though it has been 
recently discussed on two occasions (Stoev et al. 2010, 2013). Among the taxa placed 
in this subgenus, E. acherontis and E. stygis remain of uncertain taxonomic status. Ex-
cept for E. tabularum (Fig. 11D), all known members of the subgenus Schizopolybo-
thrus exhibit modifications on the prefemur of ultimate legs in adult males (Fig. 11). 
The shape and arrangement of setae on the distinct proximal knob of the prefemur, the 
shape of the ridge on the prefemur, and presence of a circular protuberance with short 
setae on the distal dorsal part of the prefemur in males are the main distinctive charac-
ters for the members of this subgenus. This raises the question whether E. tabularum is 
indeed a member of the same group of species.
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Figure 11. Prefemur of male leg 15 and intermediate tergite, dorsal view. A Eupolybothrus caesar, syntype 
B E. excellens C E. leostygis D E. tabularum E E. spiniger, lectotype F E. wardaranus G E. cavernicolus, male 
holotype H E. liburnicus sp. n., male holotype. (Figs B and D after Stoev et al. 2010 ZooKeys, https://doi.
org/10.3897/zookeys.50.504)

Morphology

Morphological descriptions of species of the genus Eupolybothrus have traditionally 
relied on a number of standard external characters broadly used in lithobiomorph 
taxonomy (Tobias 1974, Andersson 1981) such as body length, length and width of 
cephalic plate, number of antennal articles, ocelli, coxosternal teeth, setae on clypeus, 
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coxal pores on legs 12–15, shape of T1 and presence of setae on T14. Providing a 
valuable overview on the external anatomy of the species, these characters might also 
be subject to intraspecific variation related to postembryonic development and animal 
life stage, which renders species identification sometimes impossible or even erroneous 
when solely relying on them. To address these shortcomings, standard measurements 
of ratios, also hitherto used in the taxonomy of Lithobiomorpha (Andersson 1981) 
e.g. antenna and ultimate leg length to body length, as well as length and width of the 
cephalic plate can be informative for discerning the different taxa (see Table 2).

Focusing on the species attributed to the subgenus Schizopolybothrus, we addition-
ally examined the arrangement of setae on the 14th and intermediate tergite and the 
shape of its posterior margin in males as well as the presence of lateral setae-free areas 
(e.g. Figs 11G, H). Males of E. spiniger are distinguished by two very noticeable sharp 
projections on T14 – usually straight in most species – and which were well docu-
mented by Latzel (1888) and illustrated here on the type specimen (Fig. 8H).

The sexual modification on leg 15 in males in Schizopolybothrus was very likely first 
recorded by Attems (1935) when he described E. leostygis patens – a subspecies which is 
now considered a junior synonym of E. caesar (see Zapparoli 1984) – as a setose round 
protuberance between spines p and m on the dorsal side of prefemur (“….behaarte 
Kegel zwischen Dornen p und m.”). In other species of the subgenus Schizopolybo-
thrus, the distal setose circular prefemoral protuberance was detected in E. caesar, E. 
leostygis, E. spiniger, E. cavernicolus and E. liburnicus sp. n., situated between the DPm 
and DPp spines (e.g., Figs 12A, B). It shows subtle variation in size and shape. Further 
examination of additional species will determine the taxonomic value of this character, 
as it is also present in congeners that have been classified as other subgenera. For ex-
ample, Eason (1983: 120, fig. 12) described and figured this structure in E. herzegowi-
nesis (confirmed in NHMW1456, Monte Gargano, Apuglia, Italy) and Attems (1902) 
mentioned it when he described the species E. werneri (Attems, 1902) (confirmed in 
NHMW1430, Parnes, Greece). Verhoeff (1937) described a similar morphology (“… 
in der Mitte innen angeschwollen und mit Haarbüschel”) in E. electrinus, a synonym 
of E. imperialis (Meinert, 1872).

The presence of ‘a knob’ or a swelling on the proximal prefemur of the ultimate 
legs was first mentioned by Latzel (1888) when he described E. spiniger and it was 
subsequently noted for E. leostygis, E. caesar, E. excellens, E. cavernicolus and some other 
taxa which are now considered their synonyms. The knob extends meso-laterally on 
the proximal part of the prefemur and exhibits a typical shape for each species. It may 
be surmounted by a tuft of setae, surrounded by a subapical swirl of setae or covered 
with scattered ones. An additional feature of the prefemur is also noted, viz. ‘a prefem-
oral ridge’ situated dorso-medially and typically extending distad along two-thirds 
the length of the prefemur. A comparison of this trait within species of the subgenus 
Schizopolybothrus is given in Table 3.

The new species, Eupolybothrus liburnicus sp. n., is morphologically and genetically 
closest to E. cavernicolus (Tables 2 and 3). The two species were collected less than 100 
km apart in caves with similar but not identical habitat conditions. Morphologically, 
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Figure 12. Prefemur of male leg 15 in mediolateral view (A, B) and close up of prefemoral spine (C, D). 
A E. liburnicus sp. n., male paratype B E. cavernicolus, male paratype C E. liburnicus sp. n., male paratype 
ZMUC 00040237 D Eupolybothrus litoralis. Abbreviation: cp. circular protuberance.

distinction between these cavernicolous species is subtle but, as discussed below, they 
are delineated as distinct species by both molecular species delimitation approaches. 
Morphological distinction is most reliably made using the shape of the posterior margin 
of T14, plectrotaxy of leg 15, and the length of the ultimate legs relative to the body. 
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In addition, E. liburnicus also shows a less setose posterior margin of the intermediate 
tergite, and usually has a narrower median membranous setae free area on that tergite.

An unusual character depicted and described by Stoev et al. (2013) for E. caver-
nicolus is a bifurcate tip of dorsal spine p on the prefemur. This character was further 
investigated here with SEM and it is also present in E. liburnicus (Fig. 12C), E. leostygis 
and E. litoralis (Fig. 12D). Whether this character is genus specific or is widely distrib-
uted in Lithobiidae remains doubtful and needs to be further examined in other taxa.

Molecular analyses

The four sequenced specimens of Eupolybothrus liburnicus sp. n. provided a full 
length DNA barcode (BOLD IDs: EUCR048-11, EUCR052-11, EUCR067-11 and 
EUCR068-11). The final dataset for species delimitation (our four new sequences + 
sequences of Stoev et al. 2013 and Spelda et al. 2011) consists of 43 specimens rep-
resenting 12 Eupolybothrus morphospecies and two Lithobius outgroups: L. austriacus 
(Verhoeff, 1937) (MYFAB442-11) and L. crassipes L. Koch, 1962 (MYFAB443-11). 
Final alignment length was 658 bp with no internal gaps present. Molecular species de-
limitation via ABGD proposed 15 clusters congruent to the morphospecies assignments 
(Fig. 13). Only for E. tridentinus is a split into two clades proposed. The SP analysis 
resulted in a total number of 18 clusters, thereby splitting E. nudicornis and E. leostygis 
into three and two clusters, respectively. We follow a more conserved approach here 
and consider the ABGD results for the calculation of inter- and intraspecific genetic 
K2P-distance values. Nevertheless, specimens of Eupolybothrus liburnicus sp. n. always 
clustered as a single, exclusive group having a mean intraspecific distance of 0.7% (range 
0.2–1.2%) and a minimal interspecific distance of 11.0 % to E. cavernicolus (Table 4).

Although only three species of E. (Schizopolybothrus) were available for sequencing, 
they are observed to unite as a monophyletic group (moderate bootstrap support of 65), 
with E. leostygis being sister group to E. cavernicolus and E. liburnicus. This reconstructed 
topology would be consistent with a single origin of the prefemoral knob, its associated 
mesial ridge and the posterior circular setose protuberance in the males of these species.

Habitat preferences and troglomorphism tendency

Elongation of antennae and legs and reduction of pigment and ocelli are considered 
morphological adaptations of centipedes to the cave environment (Negrea and Minelli 
1994, Voigtländer 2011). In his redescription of E. leostygis, Eason (1983) considered 
long slender forcipules and a slender trunk as further characters of troglobitic species 
of Eupolybothrus. Among the Schizopolybothrus species, four were collected solely from 
caves viz. E. cavernicolus, E. liburnicus sp. n., E. stygis and E. leostygis, the last being 
the only true troglobite. Verhoeff (1900) speculated that E. leostygis was actually the 
cave form of E. caesar, and described E. acherontis as a transitional form between the 
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Figure 13. Molecular species delimitation. ABGD proposed 15 clusters congruent to the morphospecies 
assignments.

two species. Jeekel (1967) argued that the preference to cave habitats by some taxa of 
Schizopolybothrus may result in significant variability in a number of morphological 
characters and he suggested that the cave dwelling taxa of the subgenus are all cave 
forms of one troglophilic species.
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A number of characters indicative of troglomorphism were noted for the cave 
dwelling species among those studied herein in contrast to the surface dwelling ones. 
For instance, E. caesar shows the highest number of ocelli (22), the lowest number 
of antennal articles (51) and setae on coxosternum (26-30), the shortest ultimate leg 
podomeres (femur, tibia, tarsus 1 respectively 2.6; 3.0; 2.8) and the lowest ratio of ul-
timate leg to body length (52%). In contrast, E. leostygis is characterized by only (6-7) 
feebly pigmented ocelli (lowest in the subgenus), the longest antenna and ultimate leg 
podomeres, with the highest ratio of ultimate leg to body length (75%). E. cavernicolus 
and E. liburnicus sp. n., display some troglomorphic traits although they are probably 
not troglobitic, and should be considered as troglophiles. Both species have not been 
found outside caves although the surrounding areas were thoroughly investigated.

In 2010 and 2012, biospeleological investigations of the caves around Trebinje 
were conducted by one of us (AK) with the help of cavers from the Caving Club 
‘Zelena brda’, which has led to the location of the following: 1) cave Iljina pećina, 
type locality of E. stygis and 2) cave Provalija or ‘Acheron-schlund’ (Verhoeff 1900: 
163), type locality of E. acherontis. Unfortunately, cave Provalija has turned into 
an illegal waste disposal site, with its large vertical entrance shaft filled with waste. 
Iljina pećina has also been destroyed by the opening of an artificial entrance drilled 
in the 1920s. Both events drastically changed the conditions in these caves and all 
attempts to find specimens of Eupolybothrus there failed. However, recent active sam-
pling was conducted in cave Vučja pećina or ‘Wolfshöhle’ (Verhoeff 1899), the type 
locality for E. leostygis. The cave is fortunately still intact and only ca. 300 m from 
Iljina pećina. In 2012, a single adult female specimen of Eupolybothrus was collected 
by AK, which was of practically no use for this paper. Meticulous sampling in the 
area would certainly be valuable for future studies on the subgenus, help unveil the 
identity of some dubious species, and shed some light on the general diversity of the 
genus Eupolybothrus.

Key to species of Eupolybothrus (Schizopolybothrus) based mainly on male sec-
ondary sexual characters

Note. E. stygis is based on the description provided by Folkmanova (1940). E. acherontis 
is excluded from the key.

1	 Leg 15 prefemoral knob absent................................................ E. tabularum
–	 Leg 15 prefemoral knob present...................................................................2
2	 Prefemoral knob apically incised, forming two rounded, densely setose proce-

sses...............................................................................................E. excellens
–	 Prefemoral knob not incised........................................................................3
3	 Posterior edge of T14 deeply emarginated, with sub-triangular posterior pro-

cesses............................................................................................E. spiniger
–	 Posterior edge of T14 slightly emarginated to straight..................................4
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4	 Prefemoral knob with scattered setae............................................................5
–	 Prefemoral knob with specific setation (rim or tuft).....................................6
5	 Prefemoral knob subangular, projections on leg 14 absent.....E. wardaranus
–	 Prefemoral knob round, projections on leg 14 present.....................E. caesar
6	 Prefemoral knob with rim of setae, six poorly defined and feebly pigmented 

ocelli.............................................................................................E. leostygis
–	 Prefemoral knob with apical tuft of setae, more than ten pronounced ocelli..... 7
7	 10+11 coxosternal teeth, ca. 84 antennal articles............................... E. stygis
–	 7+7-8+8(9+8) coxosternal teeth, 73 or fewer antennal articles.....................8
8	 T14 emarginated, 15CxVp and 15PDp absent......................E. cavernicolus
–	 T14 slightly convex to straight, 15CxVp and 15PDp present.....E. liburnicus

Acknowledgements

The authors are grateful to the Biology Students Association BIUS of University of 
Zagreb for collecting valuable specimens for this study, as well as members of Caving 
Club Samobor and Croatian Biospeleological Society for help with field research and 
collecting. We are grateful to Ivan Tuf (Palacky University), Jason Dunlop (ZMB), Jörg 
Spelda (ZSM), and Petr Dolejs (National Museum, Prague) who provided valuable 
information and helped us locate some of Verhoeff’s obscure types. Special thanks to 
Stefan Fredrich (ZSM) for promptly and kindly arranging the loan of the E. acherontis 
wardaranus type. Our gratitude is extended to Henrik Enghoff (ZMUC) for his sup-
port and hosting AK and NA during their respective stays in Copenhagen. This project 
received support from the European Commission’s (FP 6) Integrated Infrastructure 
Program SYNTHESYS (DK-TAF, AT-TAF) to support AK’s stays in NHMW and 
ZMUC, respectively.

References

Andersson G (1981) Taxonomical studies on the post-embryonic development in Swedish 
Lithobiomorpha (Chilopoda). Entomologica Scandinavica 16: 105–124.

Attems C (1902) Myriopoden von Kreta nebst Beiträgen zur allgemeinen Kenntnis einiger 
Gattungen - Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathema-
tisch-Naturwissenschaftliche Classe, Wien 111: 527–561.

Attems C (1935) Myriapoden von Epirus. Zoologischer Anzeiger 110(5–6): 141–153.
Bonato L, Edgecombe GD, Lewis JGE, Minelli A, Pereira LA, Shelley RM, Zapparoli M (2010) 

A common terminology for the external anatomy of centipedes (Chilopoda). ZooKeys 69: 
17–51. https://doi.org/10.10.3897/zookeys.69.737

Bregović P, Antonović I, Čuković T, Ćukušić A, Dražina T, Đud L, Hmura D, Komerički A, 
Kutleša P, Malenica M, Patarčić I, Pavlek M, Raguž N, Šimičev A, Škuljević P, Jalžić B (2013) 
Biospeleološka istraživanja šireg područja rijeke Zrmanje i dijela jugoistočnog Velebita. In: 



Nesrine Akkari et al.  /  ZooKeys 687: 11–43 (2017)42

Basrek L, Đud L (Ed.) Zbornik radova projekta „Istraživanje bioraznolikosti područja rijeke 
Zrmanje 2010“. Udruga studenata biologije – „BIUS“ i JU Park prirode Velebit, 15–42.

Clement MD, Posada D, Crandall KA (2000) TCS: a computer program to estimate gene genealo-
gies. Molecular Ecology 9(10): 1657–1659. https://doi.org/10.1046/j.1365-294x.2000.01020.x

Eason EH (1983) The identity of the European and Mediterrranean species of Lithobiidae 
(Chilopoda) described by K. W. Verhoeff and now represented by material preserved in the 
British Museum (Natural History). Zoological Journal of the Linnean Society of London 
77: 111–144. https://doi.org/10.1111/j.1096-3642.1983.tb00526.x

Folkmanova (1940) O novýc balkánských jeskynních Chilopodech ve sberech DR. K. Abso-
lona. Species novae Chilopodorum cavernicolorum Balcanicorum in coll. Dr. K. Absolon. 
Vestnik Ceskoslovenské Zoologické Spolecnosti v Praze 8: 47–58.

Hart M, Sunday J (2007) Things fall apart: biological species form unconnected parsimony 
networks. Biology Letters 3(5): 509–512. https://doi.org/10.1098/rsbl.2007.0307

Jeekel CAW (1967) On two Italian Lithobius species described by Silvestri with taxonomic notes 
on the genus Eupolybothrus Verhoeff (Chilopoda Lithobiidae). Beaufortia 14: 165–175.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton S, Cooper A, 
Markowitz S, Duran C, Thierer T, Ashton B, Meintjes P, Drummond A (2012) Geneious 
Basic: an integrated and extendable desktop software platform for the organization and 
analysis of sequence data. Bioinformatics 28(12): 1647–1649. https://doi.org/10.1093/
bioinformatics/bts199

Komerički A, Weigand A, Stoev P (2012) DNA barcoding of genus Eupolybothrus (Chilopoda, 
Lithobiidae) from Dinaric Karst reveals unexpected cryptic diversity. XXI International 
Conference on Subterranean Biology, Košice, Slovakia, 2–7 September 2012, 1. https://
doi.org/10.1111/j.1365-294X.2011.05239.x

Lambert A, Brouillet S, Achaz G (2012) ABGD, Automatic Barcode Gap Discovery for primary 
species delimitation. Molecular Ecology 21(8): 1864–1877.

Latzel R (1888) Die vom k. k. Oberartze Herrn Dr. Justyn Karlinski im Jahre 1887 in Bosnien, der 
Herzegowina und in Novibazar gesammelten Myriopoden. Verhandlungen der Zoologisch-
Botanischen Gesellschaft in Wien 1886: 91–94.

Negrea S, Minelli A (1994) Chilopoda. In: Christian J, Vasile D (Eds) Encyclopaedia biospeo-
logica. Tome 1. Société de Biospéléologie. Moulis & Bucarest, 1994, 249–254.

Porco D, Stoev P, Zapparoli M, Simaiakis S, Akkari N, Edgecombe G (2011) DNA barcod-
ing of Chilopoda: preliminary report on cryptic diversity cases in the genus Eupolybothrus 
Verhoeff, 1907 (Chilopoda: Lithobiomorpha: Lithobiidae). 15th International Congress 
of Myriapodology, Brisbane, Australia, 1.

Puillandre N, Lambert A, Brouillet S, Achaz G (2012) ABGD, Automatic Barcode Gap Dis-
covery for primary species delimitation. Molecular Ecology 21(8): 1864–1877. https://doi.
org/10.1111/j.1365-294X.2011.05239.x

Ratnasingham S, Hebert PD (2007) BOLD: The Barcode of Life Data System (http://www. 
barcodinglife.org). Molecular Ecology Notes 7(3): 355–364. https://doi.org/10.1111/
j.1471-8286.2007.01678.x



Eupolybothrus liburnicus sp. n. with notes on subgenus Schizopolybothrus 43

Spelda J, Reip H, Oliveira-Biener U, Melzer R (2011) Barcoding Fauna Bavarica: Myriapoda – a 
contribution to DNA sequence-based identifications of centipedes and millipedes (Chilop-
oda, Diplopoda). ZooKeys 156: 123–139. https://doi.org/10.3897/zookeys.156.2176

Stoev P (2001a) On centipedes (Chilopoda) of Albania, 2. Arthropoda Selecta 9(3): 199–206. 
[for 2000]

Stoev P (2001b) On the centipedes (Chilopoda) of the Republic of Macedonia. Historia natu-
ralis bulgarica 13: 93–107.

Stoev P, Akkari N, Zapparoli M, Porco D, Enghoff H, Edgecombe GD, Georgiev T, Penev L 
(2010) The centipede genus Eupolybothrus Verhoeff, 1907 (Chilopoda: Lithobiomorpha: 
Lithobiidae) in North Africa, a cybertaxonomic revision, with a key to all species in the 
genus and the first use of DNA barcoding for the group. ZooKeys 50: 29–77. https://doi.
org/10.3897/zookeys.50.504

Stoev P, Komerički A, Akkari N, Liu S, Zhou X, Weigand A, Hostens J, Hunter C, Edmunds S, 
Porco D, Zapparoli M, Georgiev T, Mietchen D, Roberts D, Faulwetter S, Smith V, Penev 
L (2013) Eupolybothrus cavernicolus Komerički & Stoev sp. n. (Chilopoda: Lithobiomor-
pha: Lithobiidae): the first eukaryotic species description combining transcriptomic, DNA 
barcoding and micro-CT imaging data. Biodiversity Data Journal 1: e1013. https://doi.
org/10.3897/BDJ.1.e1013

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6: molecular evolution-
ary genetics analysis version 6.0. Molecular Biology and Evolution 30(12): 2725–2729. 
https://doi.org/10.1093/molbev/mst197

Tobias D (1974) New criteria for the differentiation of species within the Lithobiidae. Symposia 
of the Zoological Society of London 32: 75–87.

Verhoeff KW (1899) Beitrage zur Kenntnis palaarktischer Myriopoden. XI. Aufsatz: Neue und 
wenig bekannte Lithobiiden. Verhandlungen der Zoologisch-botanischen Gesellschaft in 
Wien 49: 451–459. https://doi.org/10.5962/bhl.part.24105

Verhoeff KW (1900) Beitrage zur Kenntniss paläarctischer Myriopoden. XV. Aufsatz: Litho-
biiden aus Bosnien, Herzogovina und Dalmatien. Berliner entomologische Zeitschritt 45: 
153–179.

Verhoeff KW (1934) Beiträge zur Systematik und Geographie der Chilopoden. Zoologische 
Jahrbücher, Abteilung für Systematik 66: 1–112.

Verhoeff KW (1937) Chilopoden und Diplopoden aus jugoslawischen Höhlen, gesammelt von 
Dr. St. Karaman, Skoplje. Mitteil, über Höhlen- und Karstforschung 1937: 95–103.

Voigtländer K (2011) Chilopoda – Ecology. In: Minelli A (Ed.) Treatise of Zoology – Anatomy, 
Taxonomy, Biology. The Myriapoda. Volume 1, Brill, Leiden, Boston, 309–325. https://
doi.org/10.1163/9789004188266_016

Zapparoli M (1984) Note su alcune specie del gen. Eupolybothrus della fauna di Grecia. Fragmenta 
Entomologica 17: 195–209.

Zapparoli M (2002) Catalogue of the centipedes from Greece (Chilopoda). Fragmenta Ento-
mologica 34: 1–146.





A new and unusual species of Amastigogonus Brölemann, 1913 from Tasmania... 45

A new and unusual species of Amastigogonus 
Brölemann, 1913 from Tasmania, Australia 
(Diplopoda, Spirostreptida, Iulomorphidae)

Robert Mesibov1

1 West Ulverstone, Tasmania 7315, Australia

Corresponding author: Robert Mesibov (robert.mesibov@gmail.com)

Academic editor: S. Golovatch    |    Received 4 July 2017    |    Accepted 13 July 2017    |    Published 1 August 2017

http://zoobank.org/DA65A87E-E571-429A-BD9B-0F207EB7FC61

Citation: Mesibov R (2017) A new and unusual species of Amastigogonus Brölemann, 1913 from Tasmania, Australia 
(Diplopoda, Spirostreptida, Iulomorphidae). ZooKeys 687: 45–51. https://doi.org/10.3897/zookeys.687.14872

Abstract
Amastigogonus insularis sp. n. is described from Schouten and Tasman Islands off the east coast of Tasmania, 
and a key is presented for the identification of males of Tasmanian Amastigogonus species. The new species 
differs from the 10 previously described species of Amastigogonus in having a reduced coxite process on the 
anterior gonopod.

Keywords
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Introduction

In a previous paper (Mesibov 2017) I reviewed the endemic Tasmanian genus Amas-
tigogonus Brölemann, 1913 and added six new species. In all but one of the 10 known 
Amastigogonus species, the telopodite on the anterior gonopod is slightly longer than 
the coxite process (Fig. 1A). The latter is typically flattened with a slight lateral con-
cavity, and faces the medial side of the telopodite so that the two structures form a 
“bird’s beak” in which the pseudoflagellum is partly protected. The coxite process in 
A. danpicola Mesibov, 2017 deviates from this pattern in having shallow fossae at the 
apex and posterobasally.
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In this paper I describe a new Amastigogonus species in which the coxite process is 
reduced (Fig. 1B) and does not protect the pseudoflagellum. The new species has so far 
only been recorded from two small islands off the Tasmanian east coast.

Materials and methods

Specimens are stored in 80% ethanol in the Queen Victoria Museum and Art Gal-
lery, Launceston, Australia (QVM). Photomicrographs in Fig. 1 are focus-stacked 
composites made with Zerene Stacker 1.04. Photomicrographs were taken with a 
Canon EOS 1000D digital SLR camera mounted on a Nikon SMZ800 binocular 
dissecting microscope equipped with a beam splitter. Measurements were made to 
the nearest 0.1 mm with the same microscope using an eyepiece grid and a reference 
scale. The gonopod telopodite illustrated in Fig. 2 was temporarily mounted in 1:1 
glycerine:water and imaged using an eyepiece video camera mounted on an Amscope 
binocular microscope. A preliminary drawing was traced from a printed copy of the 
image, with details confirmed by microscopic examination of the mounted object. 
Latitude/longitude figures are given in decimal degrees to four decimal places, to-
gether with an estimate of spatial uncertainty.

Results

Order Spirostreptida Brandt, 1833
Suborder Epinannolenidea Chamberlin, 1922
Family Iulomorphidae Verhoeff, 1924

Amastigogonus insularis sp. n.
http://zoobank.org/1A6BD2B8-CB9D-46E8-AE63-5E653E7DA815
Figs 1B–D, 2

Holotype. Male, Tasman Island, Tasmania, 55G 581536 521818 (GDA94) [-43.2419 
148.0042 ±100m], 210m a.s.l., 19 November 2005, S. Bryant + Hamish Saunders 
Memorial Island Survey Program personnel, pitfall, cliff mosaic, 5A, QVM 23: 46411.

Paratypes. Tasmania: 1 male, 4 females, 1 juvenile, Schouten Island [-42.3131 
148.2850 ±2km], 23–26 September 1993, R. Taylor, QVM 2017:23:0047; 4 females, 
Tasman Island [-43.2384 148.0031 ±500m], 3 June 2016, L. Gadd, 2017:23:0093; 5 
females, Tasman Island, -43.2357 147.9996 ±25m, 190m a.s.l., 21 April 2017, R. and 
L. O’Grady, under she-oak log, QVM 2017:23:0094.

Diagnosis. Male leg 7 coxa not noticeably elongated or distally swollen; coxite 
process on anterior gonopod much shorter than telopodite, not protecting pseudo-
flagellum; pseudoflagellum as in A. peninsulensis Mesibov, 2017 but longer, extending 
just past telopodite tip.
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Figure 1. A Amastigogonus tasmanianus Brölemann, 1913 (type species of Amastigogonus), QVM 
23:54404 B–D A. insularis sp. n., holotype, QVM 23: 46411 A, B Posterior views of gonopod complex; 
C right lateral view of head D left lateral view of midbody rings cxp coxite process ps pseudoflagellum 
te telopodite. Scale bars = 0.5 mm.

Description. As for the genus description (Mesibov 2017, p. 5) with the following 
details: holotype male with (59+1) rings, 2.0 mm midbody diameter; paratype male with 
(51+2) rings, 1.6 mm; longest female (in QVM 23:0093) with (63+1) rings, 2.5 mm. Trunk 
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rings dark grey with light annulus posteriorly and irregular, partly annular light markings on 
prozonite (Fig. 1D); striae on posterior metazonites reaching ca 1/2 ozopore height.

Male with cardo not deeper posteriorly (Fig. 1C). Leg 7 coxa not noticeably elon-
gated or distally swollen. Prefemoral pad ca 1/2 femur length.

Coxite process on anterior gonopod (Fig. 1B) reaching ca 2/3-3/4 telopodite 
height, not protecting pseudoflagellum. Telopodite (Fig. 2) with slight medial thicken-
ing bordered by two rows of short setae behind pseudoflagellum, meeting near telopo-
dite apex. Pseudoflagellum arising at ca 1/2 telopodite height, ca 1/2 telopodite width 
at base and only slightly narrowing distally; slightly sinuous, curving first posteriorly, 
then anteriorly, then posteriorly to terminate just distal to telopodite apex, the pseu-
doflagellum tip bent medially (Fig. 1B); prostatic groove running on anterior edge of 
pseudoflagellum to posterodistal portion of tip.

Distribution. Schouten and Tasman Islands off the east coast of Tasmania (Fig. 3).
Name. Latin insularis, insular; adjective.

Figure 2. Amastigogonus insularis sp. n., paratype from QVM 2017:23:0047. Right anterior gonopod, 
medial and slightly posterior view of distal portion of telopodite. pg prostatic groove ps pseudoflagellum. 
Drawing not to scale.
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Remarks. As with the two known males, the Schouten Island females are smaller 
than their Tasman Island counterparts: (51+2)–(59+1) rings, 1.5–2.3 mm midbody 
diameter from Schouten Island, (47+2)–(63+1) rings, 2.3–2.7 mm from Tasman Is-
land. Further, the pseudoflagellum tip in the holotype male from Tasman Island is 
slightly longer, broader and more medially directed than the tip in the Schouten Island 
paratype. These are minor differences and I regard the two forms as conspecific.

I doubt that A. insularis sp. n. is restricted to its two widely disjunct localities, ca 
105 km apart. However, the only iulomorphid so far collected on Forestier and Tas-
man Peninsulas, just north of Tasman Island (Fig. 3), is A. peninsulensis Mesibov, 2017. 
Similarly, the only iulomorphid recorded from the Freycinet Peninsula (Fig. 3), just 
north of Schouten Island, is A. michaelsae Mesibov, 2017. The latter species is also the 
only iulomorphid known from Maria Island, halfway between Schouten and Tasman 
Islands (Fig. 3). I suspect that A. insularis sp. n. will be found in future in coastal habi-
tats along the east coast of the Tasmanian mainland, and possibly also on Maria Island.

Figure 3. Outline maps of Australia and Tasmania, and topographic map of part of the east coast of 
Tasmania showing Schouten and Tasman Islands. Mercator projections; topographic basemap from the 
Land Information Service Tasmania (LIST), copyright State of Tasmania, used with permission.



Robert Mesibov  /  ZooKeys 687: 45–51 (2017)50

Key to males of Amastigogonus (see figs 6 and 8 in Mesibov (2017), and Fig. 2 above)

1	 Coxite process of anterior gonopod truncate with apical fossa; cardo deeper 
in posterior half................................................A. danpicola Mesibov, 2017

–	 Coxite process laminate with broadly rounded apex; cardo deeper in anterior 
half..............................................................................................................2

2	 Coxite process much shorter than telopodite; no legs with elongated coxae....
...........................................................................................A. insularis sp. n.

–	 Coxite process almost as long as telopodite; elongated coxae on leg 7 only, or 
on legs 7, 10 and 11.....................................................................................3

3	 Pseudoflagellum tapering to sharp point......................................................4
–	 Pseudoflagellum bluntly rounded, expanded or apparently bifid at tip.........7
4	 Pseudoflagellum with distinct anterior shoulder, prostatic groove making 

sharp S-bend to reach tip; dense field of short, fine setae on telopodite behind 
pseudoflagellum.................................................A. fossuliger Verhoeff, 1944

–	 Pseudoflagellum without anterior shoulder, prostatic groove without S-bend; 
only sparse, stout setae behind pseudoflagellum...........................................5

5	 Pseudoflagellum broad at base, abruptly truncate apically, continued as sharp, 
pointed tip bent over laterally or medially.............A. hellyeri Mesibov, 2017

–	 Pseudoflagellum not truncate apically..........................................................6
6	 Pseudoflagellum broad at base, gradually tapering to sharp point, not as long 

as telopodite................................................. A. hardyi (Chamberlin, 1920)
–	 Pseudoflagellum narrow at base, very gradually tapering to sharp point, much 

longer than telopodite............................. A. tasmanianus Brölemann, 1913
7	 Pseudoflagellum with tip strongly curving posterobasally and with small tooth 

on apicodistal margin, thus appearing bifid............ A. elephas Mesibov, 2017
–	 Pseudoflagellum with bluntly rounded or expanded tip...............................8
8	 Pseudoflagellum with tip strongly curving posterobasally...............................

.......................................................................A. verreauxii (Gervais, 1847)
–	 Pseudoflagellum with tip directed distally or slightly posteriorly..................9
9	 Pseudoflagellum with tip slightly expanded apically and truncate, with small 

tooth medially on distal margin........................ A. orientalis Mesibov, 2017
–	 Pseudoflagellum gradually narrowing to bluntly rounded tip.....................10
10	 Pseudoflagellum with tip directed slightly posteriorly and with posterobasal 

margin extended as bulge............................ A. peninsulensis Mesibov, 2017
–	 Pseudoflagellum with tip directed distally and with prominent sharp tooth on 

posterobasal margin........................................ A. michaelsae Mesibov, 2017
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Abstract
Two new species of Centrodora Förster, C. crassiscapa sp. n. and C. pellucida sp. n., are described from 
China. A key to species from China based on females is given.
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Introduction

Centrodora Förster, 1878 currently comprises 61 species (Noyes 2017). A majority of 
the species in this genus are oophagous, developing in the eggs of economically impor-
tant Hemiptera and Orthoptera, whereas other species are known to attack nymphs of 
Hemiptera, and pupae of Diptera, Hymenoptera, and Coleoptera (Hayat 1974, 2010; 
Polaszek 1991). Several regional revisionary studies of the genus include Mercet (1918, 
1930) and Nikol’skaya and Yasnosh (1966) on the European region, Hayat (1998, 
2010) on the Indian region.

The Chinese fauna of Centrodora is poorly known with only C. lineascapa Hayat 
known from the Fujian Province (Huang 1994), and C. idioceri Ferrière (Chou and 
Chou 1990) and C. locustarum (Giraud) (Chiu and Chou 1974) known from Taiwan. 
In the present paper, two new species are added to the Chinese fauna. A key to all five 
species from China based on females is given.
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Materials and methods

All specimens in the present study were collected using yellow pan traps or Malaise 
traps, then dissected and mounted in Canada Balsam on slides following the method 
described by Noyes (1982). Photographs were taken with a digital CCD camera at-
tached to an Olympus BX51 compound microscope and final modifications to the 
images were made using Adobe Photoshop. Most measurements were made from slide-
mounted specimens using a reticle micrometre except the total body length (excluding 
the ovipositor), which was measured from alcohol-preserved specimens before being 
dissected. All measurements are given in micrometres (μm) except body length, which 
is measured in millimetres (mm). Scale bars are 100 μm. All the specimens listed below 
are deposited in Northeast Forestry University, Harbin, China. Terminology follows 
Hymenoptera Anatomy Consortium (2017).

The following abbreviations are used in the text

F1−3	 funicle segments 1−3;
TI, TII etc.	 tergites 1, 2, etc. of gaster;
MT	 Malaise trap.

The following acronyms are used for the depositories

NEFU	 Northeast Forestry University, Harbin, China.

Results

Key to Chinese species (female) of Centrodora Förster

1	 Clava with apex rounded, not curved ventrally; antenna with F3 distinctly 
longer than wide............................................................. C. idioceri Ferrière

–	 Clava with apex pointed and curved ventrally (Figs 2, 13)...........................2
2	 Ovipositor strongly exerted and with the exerted part more than 0.3× as long 

as ovipositor (Figs 8, 19)..............................................................................3
–	 Ovipositor very slightly exerted....................................................................4
3	 Scape 3.26× as long as wide, remarkably wider than any other antennal segments 

(Fig. 2); median area of the mesoscutum and mesoscutellum dark brown; fore 
wing (Fig. 5) with basal one fourth hyaline, area beneath marginal vein brown, 
remaining part faintly infuscate.......................................C. crassiscapa sp. n.

–	 Scape (Fig. 13) 3.58−4.13× as long as wide; median area of the mesoscutum and 
scutellum yellowish-brown; fore wing mostly infuscate, with a transparent cross 
band on the median area of disc as in Fig. 16......................C. pellucida sp. n.
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4	 Gaster completely blackish, hind leg with coxa and femur black....................
................................................................................C. locustarum (Giraud)

–	 Gaster with yellow and brown tergites, hind leg completely pale....................
..................................................................................... C. lineascapa Hayat

Centrodora crassiscapa Li & Chen, sp. n.
http://zoobank.org/7A12C8EE-F827-444F-915F-D9FDA725D5F6
Figs 1−11

Type material. Holotype: female [on slide, NEFU], CHINA, Heilongjiang Prov-
ince, Shangzhi City, Laoyeling (45°24.71'N, 127°40.41'E), 8–18.VII.2013, Cheng-de 
Li, Ye Chen, Chao Zhang, MT. Paratypes: 1 male [on slide, NEFU], same data as 
holotype. 1 male [on slide, NEFU], CHINA, Heilongjiang Province, Shangzhi City, 
Laoyeling, 7–16.VIII.2013, Cheng-de Li, MT.

Diagnosis. Centrodora crassiscapa sp. n. is easily distinguished by following com-
bination of characters: enormously thick scape, largely dark brown mesosoma, com-
pletely dark brown metasoma, long and strongly exserted ovipositor.

Description. Female. Holotype. Length about 1.2 mm. Head dark brown. Eyes 
and ocelli dark brown. Antenna mostly brown, except pedicel and F1 paler. Mandible 
dark brown. Mesosoma largely dark brown, except metanotum and propodeum yel-
low. Median area of the mesoscutum and mesoscutellum with a distinctly pale mid-
longitudinal groove. Fore wing with basal one fourth hyaline, area posterior to margin-
al vein brown, remaining wing disc faintly infuscate; hind wing hyaline. Legs largely 
yellow, except fore leg with distal half of femur and tibia brownish-yellow; mesofemur 
and hind leg with coxa and femur brown. Metasoma dark brown to black.

Head (Fig. 1), in frontal view, 0.95× as high as wide, and finely reticulate, with 
the sculpture on malar space lineolate reticulated. Frontovertex 0.43× head width and 
with numerous brown setae. Ocellar triangle with apical angle obtuse. Mandible with 
two acute teeth and a blunt dorsal tooth. Antennae (Fig. 2) with scape 3.26× as long 
as wide, remarkably wider than any other antennal segments and slightly longer than 
clava; pedicel 2.14× as long as wide, and 0.83× as long as F3; F1 subtriangular, with 
ventral margin 1.40× as long as wide; F2 2.0× as long as wide; F3 with dorsal margin 
3.21× as long as wide, and 0.6× as long as clava; clava 3.95× as long as wide, pointed 
and distinctly curved ventrally at apex. Measurements, length (width): scape, 163 (50); 
pedicel, 75 (35); F1, 28 (20); F2, 40 (20); F3, 90 (28); clava 150 (38).

Mesosoma. Pronotum imbricate, mesoscutum and mesoscutellum mainly polygonal 
reticulate. Mesoscutum with median area (Fig. 3) 0.83× as long as wide, 1.4× as long as 
mesoscutellum, and with 10 setae; each lateral area of the mesoscutum and axilla with 
2 and 1 setae respectively; mesoscutellum (Fig. 4) 0.58× as long as wide, with 2 pairs of 
setae. Distance between anterior pair of scutellar setae 0.9× that between posterior pair. 
Placoid sensilla much closer to anterior pair of setae than to posterior pair. Fore wing 
3.57× as long as wide, with marginal setae 0.08× wing width. Costal cell slightly longer 
than marginal vein, with 2 distal setae on dorsal surface; submarginal vein with 4 setae, 
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marginal vein with 8 long setae along anterior margin, postmarginal vein short and 
about one third of length of stigmal vein; basal cell with 2 setae. Linea calva closed by a 
line of setae posteriorly. Hind wing (Fig. 6) 7.17× as long as wide, marginal setae about 
0.53× as long as wing width. Mesotibial spur (Fig. 7) distinctly shorter than (0.64×) 
corresponding basitarsus, and about as long as the second tarsomere. Measurements, 
length (width): fore wing 1250 (350); costal cell, 270; marginal vein, 260; postmarginal 
vein, 13; stigmal vein, 39; marginal setae, 28; hind wing, 1075 (150); marginal setae, 
80; mesotibia, 390, mesotibial spur, 90, mesobasitarsus, 140.

Figures 1–8. Centrodora crassiscapa sp. n., holotype female: 1 head, frontal view 2 antenna 3 mesoscutum 
4 mesoscutellum and metanotum 5 fore wing 6 hind wing 7 mesotibia and tarsus 8 metasoma.
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Metasoma (Fig. 8) about 1.75× as long as mesosoma. Ovipositor 3.25× as long as 
mesotibia and strongly exerted, with the exerted part 0.46× as long as ovipositor. Third 
valvula 4.18× as long as mesobasitarsus. Length measurements: ovipositor, 1268; third 
valvula, 585.

Male. Length 0.73–0.78 mm. Colour similar to the female, except median area of 
mesoscutum a little paler.

Head, in frontal view, 0.9× as high as wide and frontovertex about 0.4× head width. 
Scape (Fig. 9) flattened and expanded medially, 2.37× as long as wide; pedicel 1.64–
1.70× as long as wide; F1 triangular, 1.20× as long as wide, F2 anelliform, F3 long, 
2.69–2.85× as long as wide, and 0.71–0.77× as long as clava; clava 3.69–4.08× as long 
as wide, slightly longer than scape. Fore wing (Fig. 10) 3.04× as long as wide, marginal 
setae 0.17× wing width; hind wing 7.11–7.25× as long as wide, marginal setae 0.63× 
wing width. Genitalia (Fig. 11) 5.30× as long as wide, and about as long as mesotibia.

Remarks. The new species is close to C. amoena Förster 1878, with similar col-
our on the head and metasoma and strongly exserted ovipositor. However, it can be 
separated from the latter by the thickened scape of the female antennae (normal in C. 
amoena), completely dark brown mesoscutum (vs largely yellow), clava 3.95× as long 
as wide (vs 3.5×), male antenna with F3 2.69–2.85× as long as wide (vs about 4×, cf. 
Nikol’skaya and Yasnosh 1966, fig. 162).

Host. Unknown.
Etymology. Latin: crassus = thick, fat; and the specific name refers to the enor-

mously thick scape of the female antennae.
Distribution. China (Heilongjiang).

Figures 9–11. Centrodora crassiscapa sp. n., paratype male: 9 antenna 10 fore wing 11 genitalia.
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Centrodora pellucida Li & Chen, sp. n.
http://zoobank.org/8FBBCA89-706B-4FA2-8486-55E645648057
Figs 12−19

Type material. Holotype: female [on slide, NEFU], CHINA, Heilongjiang Province, 
Shangzhi City, laoyeling (45°24.71'N, 127°40.41'E), 8–18.VII.2013, Cheng-de Li, 
Ye Chen, Chao Zhang, MT. Paratype: 1 female [on slide, NEFU], CHINA, Shan-
dong Province, Qingdao City, xiaozhu Mountain (35°58.38'N, 120°05.76'E), 18–
20.V.2014, Xiang-xiang Jin, Guo-hao Zu, Si-zhu Liu, yellow pan trapping.

Diagnosis. Centrodora pellucida sp. n. can be easily distinguished from other spe-
cies in this genus by the following combination of characters: upper half of head yel-
lowish-brown; gaster dark brown; fore wing mostly infuscate and paler distally, with a 
wide transparent cross band on the median area of disc as in Fig. 16; F2 subquadrate, 
and ovipositor strongly exserted.

Description. Female. Holotype [The colour of body faded during slide mount-
ing, and the following descriptions of colour is based on alcohol-preserved speci-
mens]. Length 0.95 mm. Head with frontovertex, upper face, and occiput above 
foramen yellowish brown; remainder of head brown. Eyes and ocelli yellowish-brown. 
Antenna brown. Mandible yellowish-brown, with apex dark brown. Mesosoma large-
ly yellowish-brown, but with mesopleuron brown and with a pale yellow mid-lon-
gitudinal groove on median area of mesoscutum, mesoscutellum, metanotum, and 
propodeum. Fore wing mostly infuscate and paler distally, with a wide transparent 
cross band on the median area of disc as in Fig. 16. Hind wing faintly infuscate. Leg 
mostly brownish; mesocoxa paler; meso- and metafemur, both basal one third of 
meso- and metatibia dark brown. Metasoma mostly dark brown, with petiole and 
third valvula yellowish.

Head (Fig. 12), in frontal view, 0.77× as high as wide; face and malar space finely 
reticulate. Frontovertex about 0.37× head width, with numerous coarse and brown 
setae. Ocellar triangle with apical angle about 90°. Mandible with two teeth and a 
truncation. Antennae (Fig. 13) with scape 4.13× as long as wide, about as long as clava; 
pedicel 2.0× as long as wide, about as long as F3; F1 triangular, 1.64× as long as wide, 
with ventral margin very slightly shorter than F2; F2 subquadrate, slightly shorter than 
half of F3; F3 2.12× as long as wide, 0.44× as long as clava; clava 4.0× as long as wide, 
pointed and distinctly curved ventrally at apex. Measurements, length (width): scape, 
124 (30); pedicel, 50 (25); F1, 23 (14); F2, 25 (23); F3, 53 (25); clava, 120 (30).

Mesosoma with fine, elongate reticulations on median area of mesoscutum and mes-
oscutellum (Figs 14, 15). Median area of mesoscutum 0.93× as long as wide, 1.53× as 
long as mesoscutellum, and with 10 setae; each lateral area of the mesoscutum and axilla 
with 2 and 1 setae respectively; mesoscutellum 0.73× as long as wide, with 2 pairs of 
setae. Distance between anterior scutellar setae subequal to that between posterior pair. 
Placoid sensilla much closer to anterior pair of setae than to posterior pair. Fore wing 
(Fig. 16) 4.21× as long as wide, marginal setae 0.22× wing width. Costal cell slightly 
shorter than marginal vein, with 1 distal seta on dorsal surface; submarginal vein with 4 
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setae, marginal vein with 6 long setae along anterior margin, postmarginal vein 0.5× as 
long as stigmal vein; basal cell without seta. Linea calva closed by a line of setae posteri-
orly. Hind wing (Fig. 17) 6.86× as long as wide, marginal setae 0.67× wing width. Mes-
otibial spur 0.87× as long as corresponding basitarsus, and 0.83× as long as the second 
tarsomere. Measurements, length (width): fore wing, 738 (175); costal cell, 160; mar-
ginal vein, 170; postmarginal vein, 10; stigmal vein, 20; marginal setae, 38.5; hind wing, 
600 (87.5); marginal setae, 59; mesotibia, 250; mesotibial spur, 65; mesobasitarsus, 75.

Metasoma (Fig. 19) about 1.4× as long as mesosoma. Ovipositor 2.45× as long as 
mesotibia and strongly exserted, with the exserted part 0.35× as long as ovipositor. 

Figures 12–19. Centrodora pellucida sp. n., holotype female: 12 head, frontal view 13 antenna 14 mesos-
cutum 15 mesoscutellum and metanotum 16 fore wing 17 hind wing 18 mesotibia and tarsus 19 metasoma.
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Third valvula 3.07× as long as mid basitarsus. Length measurements: ovipositor, 613; 
third valvula, 230.

Male. Unknown.
Remarks. The new species is very close to C. amoena Förster 1878 in having simi-

lar colour of the body and strongly exserted ovipositor. But it can be separated from 
the latter by F1 with ventral margin very slightly shorter than F2 (vs obviously shorter, 
cf. Nikol’skaya and Yasnosh 1966, fig. 150), F2 subquadrate (vs about 1.8× as long as 
wide), clava 4.0× as long as wide (vs 3.5×), fore wing mostly infuscate, with a trans-
parent cross band on the median area of disc (vs mostly hyaline with the area beneath 
marginal vein and stigmal vein infuscate).

Host. Unknown.
Etymology. The specific name refers to the fore wing with a wide transparent cross 

band on the median area of disc.
Distribution. China (Heilongjiang, Shandong).
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Abstract
Onymacris brainei Penrith, 1984 – the most recent species of Onymacris to be described – is known only 
from its type locality in the Namib Desert, adjacent to the Cunene River in northern Namibia. No addi-
tional specimens are known to have been collected beyond the type series. Herein, we report on eight spec-
imens discovered at a second site near the original locality. DNA from four beetles was used to determine 
the phylogenetic placement of O. brainei among congeners, based on sequence data from one nuclear 
(histone III) and two mitochondrial (cox1, cox2) genes. Maximum likelihood analysis identifies O. brainei 
as a member of the ‘white’ Onymacris clade, in which it forms a strongly supported subclade with O. bi-
color and O. marginipennis. More broadly, its phylogenetic placement augments previous molecular results 
that revealed a sister taxon relationship between the ‘white’ Onymacris and a second genus, Physadesmia. 
The paraphyly of Onymacris with respect to Physadesmia highlights a need for nomenclatural change, but 
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Keywords
Adesmiini, Namib Desert, Onymacris, Tenebrionidae

ZooKeys 687: 63–72 (2017)

doi: 10.3897/zookeys.687.13660

http://zookeys.pensoft.net

Copyright Trip Lamb et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

RESEARCH ARTICLE

Launched to accelerate biodiversity research

A peer-reviewed open-access journal



Trip Lamb et al.  /  ZooKeys 687: 63–72 (2017)64

Introduction

The darkling beetle genus Onymacris is a diverse assemblage of fast-running diurnal species 
endemic to Africa’s Namib Desert and adjacent southwestern edges of the Kalahari. As sub-
strate specialists, these beetles are restricted to loose sand that characterizes hummocks, dry 
riverbeds, and dune fields, where they occur in abundance and assume key ecological roles 
as detritivores (Louw 1983; Hanrahan and Seely 1990). The genus belongs to the flightless 
tribe Adesmiini, which includes 240+ species and is distributed largely within southwest 
Africa–a geographic center where adesmiines exhibit their greatest ecological breath and 
morphological diversity (Koch 1962; Penrith 1979). Regionally, Onymacris represents one 
of the tribe’s more species-rich genera, with 26 currently recognized taxa (14 species and 
12 subspecies) that include distinctive ‘white’ species, whose elytral color ranges from pure 
white to yellow or tan (Fig. 1). White elytral coloration, an unusual characteristic among 
beetles in general and darkling beetles in particular, is one of many remarkable evolution-
ary features observed among Namib tenebrionids that are unknown in beetles from other 
deserts (Hamilton and Seely 1976; Endrödy–Younga 1978; Roberts et al. 1991).

‘White’ Onymacris are restricted to the northern Namib, where they are patchily dis-
tributed, often with limited geographic ranges. Onymacris brainei–the most recent mem-
ber of the genus to be described (Penrith 1984)–represents this case in the extreme: it is 
known only from the type locality in northern Namibia, just south of the Cunene River 
along the Angolan border (Fig. 2). Steven Braine collected the first specimens (3 males, 
2 females) on 24 February 1983 and brought them to the attention of Mary-Louise 
Penrith, who at that time was actively revising the southern African Adesmiini (Penrith 
1975, 1979, 1984, 1986). Early in the following year (12–15 February 1984), Penrith 
and Ruth Müller collected 16 additional specimens at the original locality, which pro-
vided sufficient material for describing the new species, named in Braine’s honor (Penrith 
1984). Onymacris brainei is distinguished from other ‘white’ species by the presence of 
three broad, pale yellow to tan stripes on otherwise white elytra (Fig. 3).

To our knowledge, no other specimens or localities for O. brainei have been docu-
mented since its description. In 2015, some 30 years after Penrith and Müller’s expedi-
tion, we searched the general vicinity of the type locality in an attempt to update the 
status of O. brainei. Herein, we report on eight additional specimens taken from a 
second site. Importantly, these beetles provided a source of fresh tissue for DNA extrac-
tion, gene sequencing, and phylogenetic analysis. Hence we also offer the first report on 
the molecular phylogenetic placement of O. brainei among its congeners.

Methods

Field survey for Onymacris brainei

Penrith (1984) reported the type locality as “Kunene R. east of dunes at 17.12S, 12.10E,” 
where beetles were collected “on dune hummocks.” Working from this geographic ap-
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Figure 1. Color variation among members of the ‘white’ Onymacris clade, as represented by: (top row, 
left to right) Onymacris bicolor, O. marginipennis, O. candidipennis, and (bottom row, left to right) O. langi 
visseri, O. langi cornelii, and O. langi meridionalis.

proximation, we searched a series of appropriate sites (i.e., vegetated hummocks) across 
the region on 21–22 May 2015. Three of these sites yielded other white Onymacris 
(O. bicolor, O. langi cornelii), and at a fourth, final site (17°17.87'S; 12°06.20'E), we 
succeeded in locating O. brainei (Fig. 2). Several beetles were observed, of which eight 
specimens were captured, euthanized (ethanol injection), and carded.

Molecular phylogenetic analysis

Rear legs from four of the eight beetles were preserved in RNAlater for subsequent 
DNA isolation using Qiagen’s DNeasy kit. The mitochondrial genes cytochrome oxi-
dase I (cox1) and cytochrome oxidase II (cox2) and a nuclear gene (histone III, H3) 
were amplified using the primers and PCR conditions listed in Table 1. Amplicons 
were cleaned using exoSAP-IT (USB Corp.) and sequenced on an Applied Biosystems 
3130 capillary sequencer. Sequences were edited and assembled in Sequencher 4.9 
(GeneCodes, Ann Arbor, MI) and aligned using ClustalX ver. 2.0 (Larkin et al. 2007), 
after which sequences were translated to ensure a correct reading frame. Sequences are 
available through GenBank (Table 2).

DNA sequences for O. brainei were combined with sequence data previously gen-
erated for Onymacris (Table 2) to yield a concatenated dataset–cox1 (1212 bp), cox2 
(688 bp), and H3 (317 bp)–representing 18 of the 26 currently recognized species/
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Table 1. PCR primers and amplification conditions.

Gene Primer Annealing Cycles Reference

cox1
TY-J-1460 50°C 35

Simon et al. (1994)
TL2-N-3014
C1-J-2183 sequencing only

cox2 TL2-J-3037 50°C 35TK-N-3785

H3 Hex AF 61.5°C 45 Odgen and Whiting (2003)Hex AR

Figure 2. Map illustrating the type locality for Onymacris brainei (star), surveyed sites with appropriate 
habitat (white circles), and the second locality for O. brainei (red circle).

subspecies. Those taxa unavailable to us for sequencing included O. candidipennis and 
O. langi langi, both ‘white’ beetles from Angola, as well as the ‘black’ beetles O. plana 
debilis and O. paiva conjuncta (though our dataset contains their nominate subspecies). 
We also incorporated species sequences representing three additional adesmiine gen-
era: Physadesmia (represented by P. globosa), shown to be the sister taxon to the white 
Onymacris clade (Lamb and Bond 2013) as well as Eustolopus octoseriatus and Adesmia 
cribripes, which served as outgroups.

We used maximum likelihood (ML) to analyze the concatenated gene dataset. 
The ML analysis, executed in RAxML ver. 7.2.8 (Stamatakis 2006), comprised 1,000 
random sequence addition replicates (RAS) using the commands “-# 1000” and “–m 
GTRGAMMA.” Bootstrap support values were calculated using the same search pa-
rameters with 1,000 replicates, and bootstrap results were applied to the best tree re-
covered in the RAS search.
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Results

New locality for Onymacris brainei

The second locality for Onymacris brainei was discovered on 22 May 2015. Based 
on the general geographic information provided in Penrith (1984), this new site is 
estimated to lie ~ 15–20 km SSW of the type locality (Fig. 2). The second site closely 
resembles the original locality’s physical and ecological description, characterized by 
vegetated dune hummocks on which nara (Acanthosicyos horridus), an iconic Namib 
endemic, is the prevalent floristic component. Beetles were observed under and, in 
some cases, on hummock vegetation.

Elytral color variation

As noted, Onymacris brainei is diagnosed by the presence of three broad yellow to 
tan stripes on white elytra. Specifically, this patterning involves a prominent dorsal 
stripe that is bisected by the elytral suture and flanked by a slightly narrower lateral 
stripe on either side. All three stripes bear diffuse edges that coalesce anteriorly near 
the pronotum, taper posteriorly, and terminate at (or just before) the apical declivity. 

Table 2. GenBank accession numbers for adesmiine sequences used in the ML analysis.

Species GenBank GenBank GenBank
cox1 cox2 H3

Onymacris brainei MF459686 MF459688 MF459690
Onymacris brainei MF459687 MF459689 —
O. bicolor JX448896 JX448934 JX448972
O. marginipennis JX448907 JX448945 JX448983
O. langi cornelii JX448900 JX448938 JX448976
O. langi meridionalis JX448909 JX448947 JX448985
O. langi visseri JX448921 JX448959 JX448997
O. boschimana JX448897 JX448935 JX448973
O. multistriata JX448912 JX448950 JX448988
O. hottentota JX448901 JX448939 JX448977
O. plana JX448915 JX448953 JX448991
O. lobicollis JX448906 JX448944 JX448982
O paiva JX448913 JX448951 JX448989
O. rugatipennis JX448917 JX448955 JX448993
O. laeviceps JX448904 JX448942 JX448980
O. u. unguicularis JX448919 JX448957 JX448995
O. u. schulzeae JX448920 JX448958 JX448996
Physadesmia globosa JX448887 JX448925 JX448963
Eustolopus octoseriatus JX448886 JX448924 JX448962
Adesmia cribripes JX448889 JX448927 JX448965
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White elytral coloration is not due to any pigment product but rather a function of 
reflectivity involving microscopic “bubbles” within the cuticle (Kühnelt 1957). Thus, 
the stripes represent pigment expression within an otherwise colorless elytral matrix. 
Penrith (1984) noted that both stripe width and degree of pigment suffusion between 
stripes varied considerably across the type series. Our eight specimens of O. brainei 
exhibit comparable levels of dorsal color variation (Fig. 3).

Genetic variation

DNA sequences were invariant for the nuclear gene H3 but did exhibit variation for 
both mitochondrial genes (two haplotypes for each gene); mean sequence divergence 
for the cox1 and cox2 was 1.49 % and 0.05%, respectively.

Molecular phylogenetic placement of Onymacris brainei

ML analysis of the concatenated dataset identified O. brainei as sister to O. margin-
ipennis + O. bicolor in a highly supported clade (BS = 100%) that is sister to a second 

Figure 3. Specimens of Onymacris brainei from the second locality, illustrating variation in degree of 
elytral striping.
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‘white’ clade comprising the three subspecies of O. langi represented in our dataset 
(Fig. 4). Overall, the ML topology is essentially identical to ML and Bayesian phy-
logenies previously derived from a larger multilocus dataset (Lamb and Bond 2013), 
which not only identified two distinct, well supported clades – one containing all 
‘white’ species, the other, exclusively black species – but also revealed that Onymacris 
is paraphyletic. All three phylogenies [i.e., this report; Lamb and Bond (2013)] depict 
Physadesmia globosa as the sister taxon to the ‘white” Onymacris lineage in a highly sup-
ported clade (herein, BS = 99%).

Discussion

In her paper originally describing Onymacris brainei, Penrith (1984) also reported the 
first cladistic analysis for the genus Onymacris, based on 23 morphological characters. 
To her credit, she examined several additional characters but rejected them “owing to 
suspected parallelism” or because “the direction of development could not be ascer-
tained.” Her analysis recovered two major clades: an all-black clade comprising six spe-
cies (O. boschimana, O. laeviceps, O. lobicollis, O. multistriata, O. paiva, O. rugatipen-

Figure 4. ML consensus topology of Onymacris, with bootstrap support indicated by black (> 95%), gray 
(> 90%), and white (> 70%) nodes. Inset at lower left is a ML tree showing branch lengths.
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nis), and a second clade composed of three additional black species (O. hottentota, O. 
plana, O. unguicularis) and the ‘white’ species group. Regarding relationships within 
Penrith’s ‘white’ group, O. brainei was placed with O. bicolor and O. marginipennis, 
united by the loss of pseudopleural crests along the elytral margins. Furthermore, Pen-
rith’s cladogram depicts O. brainei and O. marginipennis as sister species on the basis of 
one synapomorphy–the epistome bearing a deep median emargination.

Our ML phylogeny corroborates bicolor-brainei-marginipennis monophyly but dif-
fers by depicting O. bicolor and O. marginipennis as sister species. To this end, we note 
a preliminary aspect of the molecular results–our somewhat limited geographic repre-
sentation for O. bicolor and O. marginipennis. Relative to the other ‘white’ taxa, both 
these species have extended ranges and were recognized historically as being polytypic 
(Péringuey 1885; Koch 1952). Indeed, O. bicolor was for some time treated as two 
separate species (Koch 1952; Penrith 1975). Thus, while the precise sister status of O. 
brainei remains equivocal (pending further geographic sampling of O. bicolor and O. 
marginipennis, particularly Angolan populations), the strongly-supported monophyly 
of O. bicolor + O. brainei + O. marginipennis is unlikely to change.

The molecular phylogenetic placement of O. brainei with other ‘white’ Onymacris 
not only offers incremental support for the ‘white’ clade but, more broadly, augments 
a diphyletic Onymacris relative to Physadesmia (Lamb and Bond 2013). Penrith (1979) 
described the genus Physadesmia for three species [Physadesmia globosa (Haag), P. bullata 
(Péringuey), and P. aculeata (Péringuey)] formerly in Physosterna. (Of note, Physosterna 
was subsequently reduced to a subgenus of Adesmia (Penrith 1986)). She also observed 
that “Physadesmia and Onymacris are evidently very closely related, being separated only 
by the hypertrophy of the spurs and claws and the shortening of the tarsi in Onymacris.” 
Support for her observation was provided in the first cladistic analysis of adesmiine gen-
era, which recovered a clade comprising Onymacris, Physadesmia, and a third genus, Eu-
stolopus (Penrith 1986). A refined phylogenetic view of Onymacris-Physadesmia, revealed 
herein and earlier (Lamb and Bond 2013), identifies a need for nomenclatural changes 
that will reflect the new found relationship between white Onymacris and Physadesmia. 
However, molecular genetic data are still missing for key taxa: two white Onymacris (O. 
langi langi and O. candidipennis, the latter being the type species of the genus) as well as 
the remaining two species of Physadesmia (P. bullata and P. aculeata). Though recogniz-
ing the necessity for taxonomic change (i.e., either subsuming Physadesmia or assigning 
the black species of Onymacris to a new genus), we consider this move to be premature 
at present and refrain from such effort until relationships for the remaining few species 
of Onymacris and Physadesmia have been thoroughly explored.

 “Rediscovery” is a beguiling catchword, conveying equal parts accomplishment 
and optimism upon finding species thought to be rare or possibly extinct. We were 
indeed relieved to locate new specimens of O. brainei–a species gone unreported for 
33 years. However, a claim of rediscovery might be overstated: the hiatus is attribut-
able in large degree to the northern Namib’s remote setting and limited accessibil-
ity. A more telling discovery may be the genetic divergence (1.49%, cox1) observed 
among individuals at the new locality, which could possibly indicate a historically 
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larger geographic distribution. It is worth noting that O. candidipennis, once thought 
to be restricted to the Namib’s northern terminus in Angola, has been reported from 
Namibia at the Cunene River, near the type locality for O. brainei (Penrith 1984). 
Moreover, O. bicolor and O. marginipennis, the two species most closely related to O. 
brainei, occur on both sides of the Cunene. Thus, future assessment on the status of 
O. brainei (regarding genetic variation as well as range delimitation) should involve 
surveys of suitable habitat from the type locality west to the Cunene mouth, in Angola 
as well as Namibia. Close proximity of both type and new localities to the contiguous 
Skeleton Coast (Namibia) and Iona (Angola) national parks offers promise that ad-
ditional populations of O. brainei might be discovered within park boundaries, where 
they would be afforded full protection.
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Abstract
Three new species of the genus Siphunculina Rondani from China, S. bulbifera sp. n., S. scalpriformis 
sp. n., and S. shangyongensis sp. n., are described and illustrated. One species, S. funicola (de Meijere), is 
reported from China for the first time. A key to the species of genus Siphunculina from China is given.
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Introduction

The genus Siphunculina was erected by Rondani (1856). It belongs to the Apha-
notrigonum genus group of the subfamily Oscinellinae (Andersson 1977). There are 
34 species known from the world, of which 17 species are distributed in the Orien-
tal Region, ten species in the Palaearctic Region, eleven species in the Afrotropical, 
three species in the Australian, only one species is known to occur in the Nearctic 
and Neotropical Regions (Cherian 1970, 1977; Sabrosky 1977, 1980, 1989; Kan-
miya 1982, 1989, 1994; Nartshuk 1984, 2005, 2007; Ismay and Nartshuk 2000; 
Merz 2008; Iwasa et  al. 2013). Adults of some species are attracted to decaying 
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meat, wounds, scratches, mucous membranes, eyes, lips, moist skin, in-between 
toes, sweat, and other secretions of the body and are suspected of mechanically 
transmitting pathogenic organisms to man and domestic animals (Graham-Smith 
1930; Chansang et al. 2010). The larvae can be found in birds’ nests, excrement, 
or dead animals, which are saprophilous or scatophagous (Kanmiya 1983; Ferrar 
1987; Ismay and Nartshuk 2000).

To date, five species are known to occur in China, of which four are known from 
Taiwan and two species are distributed in mainland China. In this paper, three new 
species of the genus Siphunculina from China, S. bulbifera sp. n., S. scalpriformis sp. n. 
and S. shangyongensis sp. n., are described and illustrated. One species, S. funicola (de 
Meijere), is newly recorded from China. A key to the species of genus Siphunculina 
from China is given.

Materials and methods

Specimens were studied and illustrated with ZEISS Stemi 2000–c. Genitalic prepara-
tions were made by macerating the apical portion of abdomen in warm 10% NaOH 
for 17–20 min, after examination it was transferred to fresh glycerine and stored in a 
microvial pinned below the specimen. Specimens are deposited in the Entomological 
Museum of China Agricultural University (CAU), Beijing. The morphological nomen-
clature follows Cumming and Wood (2009). The following abbreviations are used:

bas	 basiphallus;
cerc	 cercus;
dis	 distiphallus;
dm-cu	 discal medial-cubital crossvein;
ep	 epandrium;

gon	 gonite;
hyp	 hypandrium;
phal	 phallapodeme;
r-m	 radio-medial crossvein;
sur	 surstylus.

Taxonomy

Family Chloropidae

Genus Siphunculina Rondani, 1856

Siphunculina Rondani, 1856: 128. Type species: Siphunculina brevinervis Rondani, 
1856 (= Siphonella aenea Macquart, 1835), by original designation.

Microneurum Becker, 1903: 152. Type species: Microneurum maculifrons Becker, 1903 
(= Oscinis ornatifrons Loew, 1858), by monotypy.

Liomicroneurum Enderlein, 1911: 230. Type species: Siphonella funicola de Meijere, 
1905, by original designation.
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Diagnosis. Head with vibrissal angle more or less distinctly produced beyond eye; face 
with deeply concave antennal foveae and a distinct median carina reaching epistoma; 
cephalic setae and setulae generally short; wing with veins R1 and R2+3 extremely closed 
on basal portion, vein R2+3 very short, length of 2nd costal sector extremely shorter 
than the 3rd sector; femoral and tibial organs absent (Kanmiya 1983, 1994).

Distribution. Widespread world-wide distribution, see Nartshuk (2012). China: 
Beijing, Zhejiang, Hainan, Guizhou, Yunnan, Taiwan.

Key to species of Siphunculina from China

1	 Cephalic setae and setulae black or brown...................................................2
–	 Cephalic setae and setulae light yellow or yellow..........................................7
2	 Ocellar triangle shiny except for ocellar tubercle, without microtomentum; 

frons, ocellar triangle and scutum marked out by reticulate patterns with al-
ternating microtomentose and bare maculae........ S. striolata (Wiedemann)

–	 Ocellar triangle not entirely shiny, partly or entirely microtomentose; frons, 
ocellar triangle and scutum not marked out by alternating microtomentose 
and bare maculae.........................................................................................3

3	 Notopleurals 1+2; apical scutellar seta as long as scutellum (Fig. 20)..............
................................................................................S. funicola (de Meijere)

–	 Notopleurals 1+1; apical scutellar seta shorter than scutellum......................4
4	 Two pairs of scutellar setae; 3rd costal sector 2 times as long as 2nd sector 

(Fig. 2).............................................................................. S. bulbifera sp. n.
–	 Three pairs of scutellar setae; 3rd costal sector 3-4 times as long as 2nd sector.... 5
5	 Ocellar triangle nearly or completely reaching anterior margin of frons, with 

a median groove.......................................................S. nitidissima Kanmiya
–	 Ocellar triangle ending slightly but distinctly before anterior margin of frons, 

without median groove................................................................................6
6	 Hind tibia yellow with largely infuscate maculae medially; tarsi entirely yel-

low; surstylus as long as the epandrium in lateral view....... S. bella Kanmiya
–	 Hind tibia yellow except for middle 1/3 brown; tarsi yellow except for hind 

tarsomeres 2-4 brown; surstylus 0.6 times as long as the epandrium in lateral 
view (Figs 13, 16)....................................................S. shangyongensis sp. n.

7	 Ocellar triangle extending to middle or slightly over middle of frons...........8
–	 Ocellar triangle extending near or completely to anterior margin of frons......

................................................................................ S. minima (de Meijere)
8	 Ocellar triangle microtomentose except for area in front of ocelli and on both 

sides of ocellar tubercle shiny (Fig. 8)..........................S. scalpriformis sp. n.
–	 Ocellar triangle shiny with 2 microtomentose patches extending from nearly 

mediolateral of triangle to anterior ocellus...................... S. fasciata Cherian
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Siphunculina bulbifera sp. n.
http://zoobank.org/2A36E011-58B7-47A8-9B00-BEABB0027FFE
Figs 1–6

Diagnosis. Ocellar triangle smooth, shiny, reaching anterior margin of frons, with point-
ed apex. Scutellum with two pairs of scutellar setae on small tubercles. Cephalic and 
thoracic setae and setulae black. Notopleurals 1+1. Distal 2/3 of gonite long globose.

Description. Holotype. Male. Body length 2.2 mm, wing length 1.6 mm.
Head black, 0.8 times as long as high in profile, as wide as thorax; face somewhat 

concave in lateral view, facial carina distinct, broad; frons as long as wide, projecting 
slightly in front of eye; gena broad, 0.5 times as wide as first flagellomere; parafacial lin-
ear; vibrissal angle distinctly produced beyond eye by subequal length to gena-width. 
Ocellar triangle smooth, shiny, reaching anterior margin of frons, with pointed apex; 
ocellar tubercle black. Cephalic setae and setulae black. Antenna yellow except for 
distodorsal 1/2 of first flagellomere brown, with thick grayish microtomentum; first 
flagellomere 0.6 times as long as wide; arista black except for basal segment yellow, 
with short pubescence. Proboscis brown to yellow with yellow setulae; palpus brown 
to yellow with yellow setulae.

Thorax black with gray microtomentum, evenly covered with short setulae. Scutum 
as long as wide. Thoracic pleuron shiny black. Scutellum 0.55 times as long as wide; 
two pairs of scutellar setae on small tubercles; apical scutellar seta short, 0.3 times as 
long as scutellum. Setae and setulae on thorax black; notopleurals 1+1, developed. Legs 
brown except for basal portion and distal 1/3 of fore tibia, both ends of mid and hind 
tibiae, fore and hind tarsomeres 1, mid tarsomeres 1-2 yellow. Setulae on legs brown. 
Wing 2.3 times as long as wide, hyaline; veins yellowish brown. Relative lengths of 2nd 
: 3rd : 4th costal sections = 5 : 10 : 3; cross-veins r-m and dm-cu not approximated, 
r-m at basal 0.65 of discal medial cell. Halter brown.

Abdomen shiny brown except for tergite 1 yellow with brown distally; venter yel-
low. Setulae on abdomen black.

Male genitalia (Figs. 3–6): Epandrium blackish brown with long brown setulae; 
surstylus distinctly shorter than epandrium in lateral view. Cercus short and broad, 
with moderately concave ventral margin in dorsal view. Pre- and postgonites fused, 
basal 1/3 narrow, distal 2/3 long globose; basiphallus longer than wide, cylindrical; 
distiphallus short, membranous; phallapodeme long, with basal stalk narrow in lateral 
view. Hypandrium broad, with two basal rounded projections, arms free and short, 
apex with internal projection long, external projection short.

Female. Unknown.
Type material. Holotype, ♂, China: Beijing: Shidu, 1-2. VI. 2009, leg. Dan Zhou 

(photographed and genitalia prepared). Paratype, 2 ♂♂, same locality as holotype, 1-2. 
VII. 2009, leg. Jinjing Wang (in 75% alcohol, deposited in CAU).

Distribution. China (Beijing).
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Figures 1–2. Siphunculina bulbifera sp. n., holotype. habitus, 1 lateral view 2 dorsal view. Scale bar 
0.05 mm.

Remarks. The new species is somewhat similar to S. nitidissima Kanmiya, but can 
be separated from the latter by the following features: ocellar triangle smooth without 
median groove, two pairs of scutellar setae on small tubercles, and gonite has narrow 
base, its distal 2/3 long and globose; in S. nitidissima, the ocellar triangle has a median 
groove, the scutellum has three pairs of scutellar setae on small tubercles, and the go-
nite is finger-like (Kanmiya 1982).

Etymology. The specific name is from the Latin bulbifera (“bulbiform”), referring 
to the shape of gonite.
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Figures 3–6. Siphunculina bulbifera sp. n., holotype. 3 epandrium, posterior view 4 epandrium, lateral 
view 5 hypandrium and phallic complex, ventral view 6 hypandrium and phallic complex, lateral view. 
Scale bar: 0.1 mm.

Siphunculina scalpriformis sp. n.
http://zoobank.org/3DFBB88D-1403-4FD0-92D6-02AEC4090064
Figs 7–12

Diagnosis. Ocellar triangle black with gray microtomentum except for area in 
front of ocelli and on both sides of ocellar tubercle shiny, reaching anterior 0.6 of 
frons. Scutellum with three pairs of scutellar setae. Cephalic and thoracic setae and 
setulae yellow. Notopleurals 1+1. Gonite knife-like, incised on basal 1/3 of each 
inner margin.

Description. Holotype. Male. Body length 1.9–2.0 mm, wing length 1.5–1.6 mm.
Head black with gray microtomentum, 0.7 times as long as high in profile, as wide 

as thorax; face somewhat concave in lateral view, facial carina narrow; frons 0.9 times 
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Figures 7–8. Siphunculina scalpriformis sp. n., holotype. habitus 7 lateral view 8 dorsal view. Scale bar 
0.05 mm.

as long as wide, projecting slightly in front of eye; gena yellow except for ventral 1/3 
black, broad, 0.5 times as wide as first flagellomere; parafacial linear; vibrissal angle 
weakly produced beyond eye. Ocellar triangle partly microtomentose, area in front of 
ocelli and on both sides of ocellar tubercle shiny, its apex reaching anterior 0.6 of frons, 
with slightly pointed apex; ocellar tubercle black. Cephalic setae and setulae yellow. 
Antenna yellow except for dorsal margin of first flagellomere brown, with thick grayish 
microtomentum; first flagellomere 0.75 times as long as wide; arista black except for 
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basal segment brownish, with short pubescence. Proboscis black to yellowish brown 
with yellow setulae; palpus yellow with yellow setulae.

Thorax black with gray microtomentum, evenly covered with short setulae. Scutum 
as long as wide. Thoracic pleuron shiny black without microtomentum. Scutellum 0.6 
times as long as wide; 3 pairs of scutellar setae on small tubercles; apical scutellar seta 
short, 0.5 times as long as scutellum. Setae and setulae on thorax yellow; notopleurals 
1+1, developed. Legs with coxae black, femora black with distal tips yellow, fore tibia 
yellow with weakly infuscated medially, mid and hind tibiae black with both tips yel-

Figures 9–12. Siphunculina scalpriformis sp. n., holotype. 9 epandrium, posterior view 10 epandrium, 
lateral view 11 hypandrium and phallic complex, ventral view 12 hypandrium and phallic complex, 
lateral view. Scale bar: 0.1 mm.



Three new species and one new record of the genus Siphunculina from China... 81

low, tarsi yellow. Setulae on legs yellow. Wing 2.2 times as long as wide, hyaline; veins 
brownish. Relative lengths of 2nd : 3rd : 4th costal sections = 6 : 17 : 4; cross-veins r-m 
and dm-cu not approximated, r-m at basal 0.65 of discal medial cell. Halter brown.

Abdomen shiny brown; venter yellow. Setulae on abdomen black.
Male genitalia (Figs. 9–12): Epandrium blackish brown with long brown setulae; 

surstylus as long as epandrium in lateral view. Cercus short and broad, with moderately 
concave ventral margin in dorsal view. Pre- and postgonites fused, knife-like, incised 
on basal 1/3 of each inner margin; basiphallus longer than wide, cylindrical; distiphal-
lus short, membranous; phallapodeme long, with basal stalk narrow in lateral view. 
Hypandrium broad, without two basal rounded projections, arms free and long, apex 
with internal projection long, external projection short.

Female. Unknown.
Type material. Holotype, ♂, China: Guizhou: Maolan, Yaoqu, 30. V. 2010, leg. 

Dan Zhou (photographed and genitalia prepared). Paratype, 2 ♂♂, same data as holo-
type (in 75% alcohol, deposited in CAU).

Distribution. China (Guizhou).
Remarks. The new species is somewhat similar to S. minima (de Meijere), but can 

be separated from the latter by the following features: ocellar triangle reaching anterior 
0.6 of frons, gena 0.5 times as wide as first flagellomere; in S. minima, the ocellar trian-
gle reaches anterior 0.9 of frons, the gena is as wide as the first flagellomere (Kanmiya 
1982).

Etymology. The specific name is from the Latin scalpriformis (“knife-like”), refer-
ring to the shape of gonite.

Siphunculina shangyongensis sp. n.
http://zoobank.org/67F6EFAD-6BE8-4820-B886-7A39745E3727
Figs 13–18

Diagnosis. Ocellar triangle black, smooth, shiny, reaching anterior 0.9 of frons, with 
slightly pointed apex. Scutellum with three pairs of scutellar setae on small tubercles. 
Cephalic and thoracic setae and setulae black. Notopleurals 1+1. Gonite nearly rectan-
gular, slightly narrowed basally.

Description. Holotype. Male. Body length 1.8 mm, wing length 1.6 mm.
Head black with gray microtomentum, 0.75 times as long as high in profile, as 

wide as thorax; face somewhat concave in lateral view, facial carina distinct; frons 
brown, 0.9 times as long as wide, projecting only slightly in front of eye; gena broad, 
0.5 times as wide as first flagellomere, yellowish brown except for ventral margin black; 
parafacial indistinct; vibrissal angle distinctly produced beyond eye by subequal length 
to gena-width. Ocellar triangle black, smooth, shiny, reaching anterior 0.9 of frons, 
with slightly pointed apex; ocellar tubercle brown. Cephalic setae and setulae black. 
Antenna yellow with thick grayish microtomentum except for distodorsal margin of 
first flagellomere black; first flagellomere as long as wide; arista black except for basal 
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Figures 13–14. Siphunculina shangyongensis sp. n., holotype. habitus, 13 lateral view 14 dorsal view. 
Scale bar: 0.05 mm.

segment yellow, with short brown pubescence. Proboscis brown with brown setulae; 
palpus yellow with brown setulae.

Thorax black, evenly covered with short setulae. Scutum 1.1 times as long as wide. 
Thoracic pleuron shiny brown without microtomentum. Scutellum black, 0.6 times as 
long as wide; 3 pairs of scutellar setae on small tubercles; apical scutellar seta 0.5 times 
as long as scutellum. Setae and setulae on thorax black; notopleurals 1+1, developed. 
Legs with coxae brown, femora brown with distal tips yellow, tibiae yellow with mid-
dle 1/3 of mid tibia brownish, middle 1/3 of hind tibia brown, tarsi yellow with hind 
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Figures 15–18. Siphunculina shangyongensis sp. n., holotype. 15 epandrium, posterior view 16 epan-
drium, lateral view 17 hypandrium and phallic complex, ventral view 18 hypandrium and phallic complex, 
lateral view. Scale bar: 0.1 mm.

tarsomeres 2-4 brown. Setulae on legs brown. Wing 2.2 times as long as wide, hyaline; 
veins yellowish brown. Relative lengths of 2nd : 3rd : 4th costal sections = 3 : 11 : 3; 
cross-veins r-m and dm-cu not approximated, r-m at basal 0.6 of discal medial cell. 
Halter brown.

Abdomen shiny brown except for tergite 1 yellow; venter yellow. Setulae on abdo-
men black.

Male genitalia (Figs. 15–18): Epandrium blackish brown with long brown setulae; 
surstylus 0.6 times as long as epandrium in lateral view. Cercus short and broad, with a 
concavity on ventral margin. Gonite nearly rectangular, slightly narrowed basally; ba-
siphallus slightly longer than wide, cylindrical; distiphallus short, membranous; phal-
lapodeme long, distinctly projecting beyond hypandrium, with basal stalk narrow in 
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lateral view. Hypandrium narrow, without two basal rounded projections, arms free 
and long, apex with internal projection long, external projection short.

Female. Unknown.
Type material. Holotype, ♂, China: Yunnan: Xishuangbanna, Shangyong, 7. V. 

2007, leg. Wenliang Li (photographed and genitalia prepared). Paratype, 3 ♂♂, same 
locality and date as holotype, leg. Hui Dong (in 75% alcohol, deposited in CAU).

Distribution. China (Yunnan).
Remarks. The new species is somewhat similar to S. bella Kanmiya, but can be 

separated from the latter by the following features: hind tibia yellow except for middle 
1/3 brown, tarsi yellow except for hind tarsomeres 2-4 brown, surstylus 0.6 times as 
long as epandrium in lateral view; in S. bella, the hind tibia is yellow with largely infus-
cate maculae medially, the tarsi are entirely yellow, the surstylus is as long as epandrium 
in lateral view (Kanmiya 1989).

Etymology. The species is named after the type locality Shangyong.

Siphunculina funicola (de Meijere, 1905)
Figs 19–24

Siphonella funicola de Meijere, 1905: 160. Type locatity: Indonesia (Java).
Microneurum funicolum Becker, 1911: 141.
Liomicroneurum funicolum Duda, 1934: 112.
Siphunculina funicola (de Meijere): Becker et de Meijere, 1913: 303; de Meijere, 1918: 

340; Sabrosky, 1977: 300; Cherian, 1977: 364; Kanmiya, 1989: 68.

Diagnosis. Frons black with gray microtomentum. Ocellar triangle entirely shiny 
black with a broad median groove, reaching anterior margin of frons, with slightly 
pointed apex. Gena broad, 0.5 times as wide as first flagellomere. Antenna yellow 
except for dorsal margin of first flagellomere brown; arista with short pubescence. 
Thorax black with gray microtomentum. Scutellum with 4 pairs of scutellar setae 
on small tubercles. Cephalic and thoracic setae and setulae black; notopleurals 1+2. 
Legs black except for fore tibia, both ends of mid and hind tibiae and all tarsi yel-
low. Male genitalia (Figs. 21–24): Surstylus shorter than epandrium in lateral view. 
Cercus 2 times as long as wide, deeply incised medially. Gonite long finger-like, basal 
1/4 distinctly incised.

Specimens examined. 2 ♂♂, China: Hainan: Baisha, Hongmao, 19. V. 2007, leg. 
Ding Yang, 1 ♂, Hainan: Baisha, 22. V. 2007, leg. Kuiyan Zhang, 1 ♂, Hainan: Baisha, 
Yacha orchard, 19. IV. 2009, leg. Shan Huo (photographed and genitalia prepared).

Distribution. China (Hainan); Cambodia, India, Indonesia, Malaysia, Sri Lanka, 
Vietnam, Thailand, Nepal.

Remarks. This species has been called the Oriental eye-fly, predominantly inhab-
iting in the East and South Asian countries. The flies mass around men and cattle 
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Figures 19–20. Siphunculina funicola (de Meijere), male. habitus 19 lateral view 20 dorsal view. Scale bar 
0.05 mm.

and cause considerable annoyance, and are responsible for spreading eye diseases. It is 
somewhat similar to S. ceylonica Kanmiya, but can be separated from the latter by the 
following features: ocellar triangle reaching anterior margin of frons, notopleurals 1+2, 
apical scutellar seta as long as scutellum, cercus twice as long as wide, deeply incised 
medially; in S. ceylonica, ocellar triangle reaching anterior 4/5 of frons, notopleurals 
1+1, apical scutellar seta much shorter than scutellum, cercus short, widely incised 
medially (Kanmiya 1989).
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Figures 21–24. Siphunculina funicola (de Meijere), male. 21 epandrium, posterior view 22 epandrium, 
lateral view 23 hypandrium and phallic complex, ventral view 24 hypandrium and phallic complex, 
lateral view. Scale bar: 0.1 mm.
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Introduction

The Museu Paraense Emílio Goeldi (MPEG), or Goeldi Museum, located in Belém, 
Pará, Brazil, is a federal research institution within the Brazilian Ministry of Science, 
Technology and Communication (MCTIC). The Goeldi Museum is the site of the 
first Amazonian fish collection in Brazil with specimens dating as far back as the end 
of the nineteenth century.

The ichthyology collections of the Goeldi Museum receive and preserve material 
evidence, including specimens and associated data and metadata collected in the field, 
for research and educational purposes. The collections are a source of information and 
material used by national and international researchers as well as students of two post-
graduate programs at MPEG focused on systematics, taxonomy, and biogeography. 
Due to its wide geographic range and representation of Amazonian fish diversity, over 
60 scientific papers have been published over the last ten years based on specimens 
and types deposited in the Goeldi collections. The MPEG collections are most repre-
sentative of the Brazilian Amazon, but also contain records of fishes collected in four 
other neotropical countries (Chile, Colombia, Panama, and Peru). According to Reis 
(2013), this region has the richest and most diverse fish fauna of the world, with more 
than 5400 species described. One of the main sources for this aquatic biodiversity is 
the Amazon basin, with more than 2000 species of freshwater fish, a quarter of all 
known freshwater species. Of these, 1800 are endemics (Peixoto et al. 2016). One 
of the greatest conservation challenges in Brazil currently is to harmonize economic 
development with the sustainable use and preservation of this tremendous aquatic 
biodiversity (Santos and Santos 2005). Among the principal threats to aquatic envi-
ronments are hydroelectric dams, which are being built and planned at a growing rate. 
Although Brazil, Peru, and Bolivia are currently the countries most directly affected 
by impacts of hydroelectric power plants, other Southern American countries may feel 
the effects (Fearnside 2015). Large dams reduce fish biodiversity directly and also block 
the migration pathways of many species, which can be devastating to Neotropical 
fishes. Dams also cause changes in the dynamic of river nutrients and other biochemi-
cal process in deltas, estuaries, and marine-shelf ecosystems (Winemiller et al. 2016). 
Without effective conservation policies, the ichthyofauna of South America will be 
increasingly affected over the next few decades (Reis et al. 2016)

Describing new species is the first step in documenting and conserving biodiversity. 
However even after a new species is first described, it can take years or decades before 
a more complete understanding of species-level diversity can be apprehended through-
out this vast region (Vari and Malabarba 1998). Scientific collections are a crucial 
source of information for establishing baseline parameters to help measure the ongoing 
impacts of development on biodiversity (Zaher and Young 2003). When collections 
data is properly organized, integrated, and made available for the benefit of pertinent 
studies, it can become a valuable source of information for planning and monitoring 
public policies, conservation efforts, and natural resource management (Magalhães et 
al. 2001). Biodiversity information should be available for policy makers and scientists 
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alike. More often than not such information is not easily available for policy makers, 
thus hindering scientifically based management decisions (Shanmughavel 2007).

The aim of this paper is to describe and synthesize information about Amazon 
fish biodiversity represented in the Goeldi Museum collections, providing summaries 
about taxonomic coverage and geographical distribution in order to facilitate rapid 
and dynamic access to the records present at MPEG. Biodiversity data in open, digital 
format has the potential to improve the scientific understandings and contribute to 
conservation policies (Sousa‐Baena 2014).

With these factors in mind, the digitization of the Goeldi fish collections began in 
2003, and records were initially inserted into Excel software; in 2009, they were trans-
ferred to Specify (SPECIFY SOFTWARE 6). All records have now been computerized, 
and are available to the scientific community and general public in the Sistema de 
Informação sobre a Biodiversidade Brasileira (SiBBr 2017) and in Global Biodiversity 
Information Facility (GBIF 2017)

Data published through SiBBr and GBIF: http://www.gbif.org/dataset/3bc27e57-
a84d-4e0c-ba0d-9dbba8299674; http://gbif.sibbr.gov.br/explorador/pt/recurso/62

Project detail

Project title: Computerization of the ichthyological collection of the MPEG.
Personnel: Timóteo Monteiro da Silva (student), Marcos Paulo Alves de Sousa (head 

of informatics), Wolmar Benjamin Wosiacki (curator), Juliana Corrêa dos Santos 
(student), Victor Amazonas Viegas Ferreira (student), Lorran Alves da Cruz Ra-
mos (student).

Funding: Ministério da Ciência, Tecnologia, Inovação e Comunicação (MCTIC); 
Conselho Nacional de Pesquisa (CNPq).

Taxonomic coverage

General description of taxonomic coverage:
The taxonomic organization of the collection followed Nelson (1994) and Nelson 

(2006). Currently, higher taxonomic groups are being reorganized according Betancur-
R et al. (2013) and Eschmeyer et al. (2016), however the database update is incom-
plete and ongoing. The ichthyology collection of MPEG includes 260,000 specimens, 
distributed in 25,874 lots, representing 28 orders, 102 families, 506 genera, and 1710 
species. All species in the collection belong to the classes Actinopterygii, Chondrich-
thyes, and Sarcopterygii. The three most common orders are Characiformes with 600 
species in 13,560 lots, Silurifomes with 389 species in 5,290 lots, and Cichlidae with 
211 species in 3,437 lots.

Among these are found 263 type specimens of which 33 are holotypes and 227 
are paratypes. 261 of the 263 type specimens were collected during the last 15 years.
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All type species found in the collection are detailed below:

List of species with holotype and paratype in the collection:
Acestridium triplax, Archolaemus orientalis, Aspidoras gabrieli, Aspidoras marianae, Char-

acidium nana, Characidium papachibe, Corydoras urucu, Cyphocharax aninha, Ei-
genmannia antonioi, Eigenmannia desantanai, Eigenmannia guairaca, Eigenmannia 
muirapinima, Eigenmannia pavulagem, Hemigrammus arua, Hemigrammus diag-
onicus, Hyphessobrycon montagi, Hypomasticus lineomaculatus, Hypopygus benoneae, 
Ituglanis ina, Stenolicmus ix, Tatia caxiuanensis, Tetranematichthys barthemi, Tometes 
ancylorhynchus, Tometes camunani, Tometes kranponhah, Trichomycterus guaraquessa-
ba, Trichomycterus igobi, Trichomycterus mboycy, Trichomycterus naipi, Trichomycterus 
papilliferus, Trichomycterus plumbeus, Trichomycterus taroba, Xenurobrycon varii.

List of species with only paratype in the collection:
Adontosternarchus duartei, Anchoviella juruasanga, Ancistrus krenakarore, Ancistrus ranun-

culus, Apteronotus lindalvae, Apteronotus soneiro, Archolaemus ferreirai, Archolaemus ja-
neae, Archolaemus luciae, Archolaemus santosi, Aspidoras gabrieli, Aspidoras marianae, 
Astroblepus nettoferreirai, Baryancistrus chrysolomus, Baryancistrus xanthellus, Brycon-
americus pinnavittatus, Centromochlus orca, Chaetostoma jegui, Crenicichla anamiri, Cy-
phocharax jagunco, Cyphocharax lundi, Eigenmannia matintaperera, Eigenmannia mee-
ki, Eigenmannia sayona, Eigenmannia waiwai, Furcodontichthys novaesi, Hassar gabiru, 
Hassar shewellkeimi, Hypostomus delimai, Hypostomus hoplonites, Ituglanis goya, Jupiaba 
citrina, Leporinus multimaculatus, Moenkhausia celibela, Moenkhausia chlorophthalma, 
Moenkhausia eurystaenia, Moenkhausia mikia, Moenkhausia petymbuaba, Moenkhausia 
plumbea, Nemuroglanis furcatus, Parotocinclus halbothi, Peckoltia compta, Peckoltia feld-
bergae, Phallobrycon synarmacanthus, Physopyxis ananas, Polycentrus jundia, Scoloplax 
baskini, Synbranchus lampreia, Trichomycterus anhanga, Trichomycterus balios, Tricho-
mycterus cachiraensis, Trichomycterus crassicaudatus, Trichomycterus poikilos, Trichomy-
cterus trefauti, Trichomycterus tupinamba, Tyttobrycon marajoara.

Taxonomic ranks

Kingdom: Animalia
Phylum: Chordata
Classes: Actinopterygii, Chondrichthyes, Sarcopterygii
Orders: Atheriniformes, Batrachoidiformes, Beloniformes, Carcharhiniformes, Char-

aciformes, Chimaeriformes, Clupeiformes, Cyprinodontiformes, Elopiformes, 
Gasterosteiformes, Gobiesociformes, Gymnotiformes, Lepidosireniformes, Lophii-
formes, Mugiliformes, Myliobatiformes, Osmeriformes, Osteoglossiformes, Cichli-
formes, Pleuronectiformes, Pristiformes, Rajiformes, Scorpaeniformes, Siluriformes, 
Squaliformes, Synbranchiformes, Syngnathiformes, Tetraodontiformes (Figure 1).
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Families Acestrorhynchidae, Achiridae, Anablepidae, Anostomidae, Apteronotidae, Ar-
gentinidae, Ariidae, Aspredinidae, Atherinidae, Atherinopsidae, Auchenipteridae, 
Batrachoididae, Belonidae, Blenniidae, Bothidae, Callichthyidae, Carangidae, Car-
charhinidae, Centrarchidae, Centropomidae, Cetopsidae, Chacidae, Characidae, 
Chilodontidae, Chimaeridae, Cichlidae, Clupeidae, Crenuchidae, Ctenoluciidae, 
Curimatidae, Cynodontidae, Cynoglossidae, Cyprinodontidae, Dasyatidae, Dio-
dontidae, Doradidae, Echeneidae, Electrophoridae, Eleotridae, Elopidae, Engrauli-
dae, Ephippidae, Erythrinidae, Gasteropelecidae, Gerreidae, Gobiesocidae, Gobi-
idae, Gymnotidade, Gymnotidae, Gymnuridae, Haemulidae, Helogeneidae, He-
miodontidae, Hemiramphidae, Heptapteridae, Hypopomidae, Lebiasinidae, Lepi-
dosirenidae, Lobotidae, Loricariidae, Lutjanidae, Megalopidae, Mugilidae, Mulli-
dae, Muraenidae, Myliobatidae, Nematogenyidae, Ogcocephalidae, Ophichthidae, 
Osteoglossidae, Paralichthyidae, Parodontidae, Pimelodidae, Poeciliidae, Polycen-
tridae, Potamotrygonidae, Pristidae, Pristigasteridae, Prochilodontidae, Prystigas-
teridae, Pseudopimelodidae, Rajidae, Rhamphichthyidae, Rivulidae, Sciaenidae, 
Scoloplacidae, Scombridae, Serranidae, Serrasalmidae, Sphyraenidae, Sphyrnidae, 
Squalidae, Sternopygidae, Stromateidae, Synbranchidae, Syngnathidae, Tetrao-
dontidae, Torpedinidae, Triakidae, Trichiuridae, Trichomycteridae, Triglidae.

Figure 1. Distribution of species in the MPEG. Number of species and frequencies are represented for 
each order.
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Spatial coverage

General spatial coverage: The collections include specimens from Brazil, Chile, Co-
lombia, Panama, and Peru. Most samples come from the Brazilian Amazon (Figure 2) 
from the following river basins: Araguari, Arapiuns, Juruti, Caxiuanã, Madeira, Rio 
Negro, Teles Pires, Xingu, Amazonas,Guamá, Trombetas, Jamanxim. Other river ba-
sins from Brazil represented in the collections include: Parana (Iguaçu, Paranapanema), 
Tocantins (Anapu, Itacaiunas), and Paraguai (Miranda). The south Atlantic basins 
is represented by the Laranjeiras river. River basins were attributed used maps from 
Agência Nacional de Águas (ANA 2017) and the Environmental Ministry (Ministério 
do Meio Ambiente) of the Brazilian Government.

Temporal coverage: Specimens in the collection date from 1900–2014 (Figure 2) 
with three significant increments during the early 1980s, in 1995, and after 2000, with 
more than 600 samples per year. The most recent peak period in collection is observed 
in 2002-2013, with more than 900 samples per year (Figure 3).

Natural collections description

Parent collection identifier: Museu Paraense Emílio Goeldi
Collection name: Ichthyology
Collection identifier: MPEG.ICT
Specimen preservation method: Alcohol

Methods

General method of publishing: Samples were obtained from collecting licenses, 
exchange, donation, or purchase. Samples are stored and preserved in the collection 
and data is stored in the Biodiversity Data Management System. The main data from 
specimens that are incorporated in the collection are published in "Sistema de Informação 
sobre a Biodiversidade Brasileira (SiBBr)" and "Global Biodiversity Information Facility" 
(GBIF) using an export tool from Specify Software and "Integrated Publishing Toolkit" 
(IPT) from GBIF which uses the Darwin core Standard version 1.4. The data was 
imported and published as per the schematic illustration below (Figure 4).

Sampling description: During its 150 years of history, the ichthyology collection 
of MPEG has received collections from dozens of scientists who have used various 
methods including gillnets, drag and throw (cast) nets, matapis, dip nets, sieves, har-
poons, snorkeling, diving, etc.

Quality control description: The most recent taxonomic organization of the col-
lection followed Nelson (1994), and currently Nelson (2006). Currently, the system is 
being updated according Betancur-R (2013) and Eschmeyer et al. (2016). Therefore, 
for purposes of this paper, the definition of large groups still follows Nelson (2006), 
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Figure 2. Map of South America showing the localities of all fish specimens with coordinates (dataset 
available at http://www.gbif.org/dataset/b0059a3a-5cab-4a08-8d14-d92c23378e43). Some dots 
represent more than one locality.

such that representative groups of the collection, for example, Cichlidae do not belong 
to Cichliformes. The identification of genus and species still follows the bibliography in 
Eschmeyeret et al. (2016), but all the data will be updated to Betancur-R et al. (2013).
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Figure 3. Distribution of the number of specimens collected by year.

Figure 4. Flow chart of data publication process. Produced by the author.
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Datasets

Curatorship and storage

The curatorial protocol involves receiving material that is identified and labelled, while 
data and metadata are digitized and deposited in a two story collection room measur-
ing 192 m2, air-conditioned to 22°C. The specimens are fixed in formalin for 50 hours 
and transferred into a 70% ethanol solution for permanent storage.

The process for the preservation of bone and cartilage samples is based on Taylor 
and Van Dyke (1985). The samples are stored in glass jars or other kinds of containers 
(e.g., high-density polyethylene drums) and the collection is organized taxonomically 
by order and family. Within the families, the genera and species are arranged in alpha-
betical order. The type material (holotypes and paratypes) is stored in metal cabinets. 
Protocol for loan, exchange, donation, and collection visits begins with e-mail contact 
with the curator, who evaluates the proposal and, if needed, requests the curatorial staff 
to prepare the requested specimens for viewing or shipping to any country.

Dataset description

Object name: Darwin Core Archive Museu Paraense Emílio Goeldi - ichthyology collection
Character encoding: UTF-8
Format name: Darwin Core Archive format
Format version: 11.2
Distribution: http://ipt.museu-goeldi.br/ipt/resource?r=museu_paraense_emilio_goe-

ldi_ictiology_collectionand;
http://www.gbif.org/dataset/3bc27e57-a84d-4e0c-ba0d-9dbba8299674

Publication date of data: 2015-01-21
Language: Portuguese
Licenses of use: This dataset is licensed under a Creative Commons Attribution Non Com-

mercial (CC-BY-NC) 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/legalcode).
Metadata language: English
Date of metadata creation: 2014-08-01
Hierarchy level: Dataset
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Introduction

The genus Pristimantis Jiménez de la Espada, 1870, currently contains 506 described 
species (Frost 2017). Pristimantis is the largest genus among all vertebrates (Fouquet 
et al. 2013) and its remarkable diversity could probably be explained by the evolution 
of direct development, allowing individuals not to rely on water bodies for reproduc-
tion and thus making them fit for niches unoccupied by other amphibians (Terán-
Valdez and Guayasamin 2010). Another important feature of the genus is its highly 
variable body size, varying from 14.5 mm (P. andinognomus Lehr & Coloma, 2008) 
up to 73.0 mm (P. lymani Barbour & Noble, 1920) (Hedges et al. 2008), a factor also 
likely to have increased the exploitation of various niches. The P. conspicillatus group 
(Lynch and Duellman 1997) contains 33 species (Padial et al. 2014) distributed in east 
Honduras through Central America, Colombia and Ecuador to Peru, Bolivia, north-
ern Argentina, Atlantic and Amazonian Forests in Brazil and the Guianas, Trinidad 
and Tobago, and Grenada, Lesser Antilles (Frost 2017).

The species P. fenestratus (Steindachner, 1864) belongs to the P. conspicillatus group 
and has a wide distribution in the Amazon region (Lima et al. 2006; Bernarde and Ma
cedo 2008; França and Venâncio 2010; Ávila-Pires et al. 2010). The taxonomy of P. fenes-
tratus is problematic because many morphologically different populations have been 
wrongly included under that name (Duellman and Lehr 2009; Siqueira et al. 2009). This 
can be, at least partly, attributed to inconsistencies regarding the type locality, which was 
suggested to be the upper Madeira River region by De la Riva et al. (2000) and the lower 
Madeira River by Siqueira et al. (2009). According to Häupl and Tiedemann (1978) and 
Häupl et al. (1994), P. fenestratus has two syntypes: NHMW 19940.1 (Río Mamoré) and 
19940.2 (Borba). Reichle (1999), visiting the Naturhistorisches Museum Wien (NMW), 
designated the syntype NMW 19940:1 (Figure 1a, b, c) from the Mamoré River, Ron-
dônia State, Brazil, as lectotype of Pristimantis fenestratus and the syntype NMW 19940:2 
(Figure 1d, e, f ) from the municipality of Borba, Amazonas State, Brazil, as a paralecto-
type. De la Riva et al. (2000) and Padial and De la Riva (2009) considered populations of 
P. fenestratus collected in the ‘Rio Mamoré’ (Bolivian Amazon) and adjacent Andes slopes 
as conspecific with P. fenestratus from the locality of the lectotype.

Here, using morphological, molecular, and bioacoustics data, we describe a new 
species of Pristimantis of the P. conspicillatus group that is morphologically similar to P. 
fenestratus and P. koehleri.

Materials and methods

Morphological analysis

Thirteen individuals of the Coleção Zoológica de Anfíbios e Répteis from the Instituto 
Nacional de Pesquisas da Amazônia (INPA-H), six of the Coleção Herpetológica of the 
Museu Paraense Emílio Goeldi (MPEG) and 69 (twenty-two belonging to type series) 
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Figure 1. Lectotype of Pristimantis fenestratus from Rio Mamoré, Rondônia, Brazil. A dorsal view B ventral 
view C lateral view of the head. Paralectotype from the municipality of Borba, Amazonas, Brazil D dorsal 
view E ventral view F lateral view of the head.

of the Coleção de Répteis e Anfíbios of the Universidade Federal do Pará/Campus de Al-
tamira (Appendix 1) were examined, totaling 88 individuals identified as Pristimantis aff. 
fenestratus. Direct comparisons of character states were performed with nine specimens 
of P. fenestratus from the municipality of Borba, Amazonas state, Brazil, deposited in the 
Coleção Zoológica de Anfíbios e Répteis from the Instituto Nacional de Pesquisas da 
Amazônia (INPA-H). The gathered information was then compared with descriptions 
from the literature (Duellman and Lehr 2009; Padial and De La Riva 2009).

The morphological characters were described according to the suggested nomen-
clature summarized in Kok and Kalamandeen (2008), Padial and De la Riva (2009) 
and Duellman and Lehr (2009): 1) belly skin texture (smooth or granular); 2) dorsal 
tubercles (present or absent); 3) fringes on fingers (present or absent); 4) dorsolateral 
folds (present or absent); 5) fringes on foot (prominent, weak or absent); 6) basal toe 
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webbing (present or absent); 7) tarsal fold (prominent, weak or absent); 8) color pat-
tern of throat, chest and belly (heavily spotted, weakly spotted, immaculate); 9) super-
numerary palmar tubercles (present or absent); 10) external palmar tubercle (entire, 
bifid, or semi-bifid).

Measurements were taken with a digital caliper to the nearest 0.01 mm and round-
ed to the nearest 0.1 mm as in Kok and Kalamandeen (2008), Padial and De la Riva 
(2009) and Duellman and Lehr (2009). The measurements obtained are as follows:

SVL	 Snout-Vent Length (from tip of snout to posterior margin of vent)
HL	 Head Length (from posterior margin of lower jaw to tip of snout)
HW	 Head Width (measured at level of rictus)
SL	 Snout Length (from anterior corner of eye to tip of snout)
DEN	 Distance from Eye to Nostril (from anterior corner of eye to posterior margin 

of naris)
ID	 Internarial Distance (taken between the median margins of the nares)
EL	 Eye Length (measured horizontally)
IoD	 Interorbital Distance (taken between the inner margins of the orbits)
EW	 Eyelid Width (the largest transverse width of the upper eyelid)
TL	 Tympanum Length (the largest length of the tympanum from the anterior 

margin to the posterior margin of the tympanum)
AL	 Arm Length (from the tip of the elbow to the proximal edge of the palmar 

tubercle)
HaL	 Hand Length (from the proximal edge of the palmar tubercle to the tip of 

Finger III),
ThL	 Thigh Length (from vent to knee)
TiL	 Tibia Length (from outer edge of flexed knee to heel)
TaL	 Tarsus Length (from the heel to the proximal edge of the inner metatarsal tubercle)
FL	 Foot Length (from proximal border of inner metatarsal tubercle to tip of fourth toe)
LL	 Leg Length (from the knee joint to the tip of Toe IV).

Sex and maturity were determined by direct examination of gonads through a lat-
eral incision in the abdomen. In addition, we checked for secondary sexual characters 
in adult individuals, such as the presence or absence of vocal slits, vocal sac, and nuptial 
pads in males.

Bioacoustic analysis

Recordings of advertisement calls were obtained from six males of the new species: one 
male was recorded on February 10, 2016 between 17:30 h and 18:00 h, from a distance 
of 2 m in Brazil Novo, Pará, at a temperature of 28 ºC. Five additional males were re-
corded on February 17, 2017 between 18:30 h and 20:00 h from a distance of 2 m in 
Altamira, Pará, at a temperature of 28 ºC. The vocalizations of Pristimantis koehleri, P. 
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fenestratus and P. samaipatae (Köhler & Jungfer, 1995) available in the literature were 
used for comparisons with the new species. These are commonly used in descriptive bio-
acoustic studies (Padial and De La Riva 2009; Maciel et al. 2012). Data on the advertise-
ment call of P. chiastonotus was obtained from the study of Lynch and Hoogmoed (1977).

The calls were analysed at a sampling rate of 44100 Hz using Audacity 2.0.3 software 
for Windows (Free Software Foudation Inc. 1991). Frequency information was obtained 
through Fast Fourier Transformations (FFT; width of 1024 points). Spectrograms and 
oscillograms were generated using Praat 5.3.43 for Windows (Boersma and Weenink 
2006), following Yu and Zheng (2009), Zhou et al. (2014), and Preininger et al. (2016). 
The following variables were measured according to Padial and De la Riva (2009): call 
length (ms), number of notes per call, length of the note (ms), presence of pulses, fun-
damental frequency (frequency band to which the first sound is visualized through a 
spectral slice output, in Hz) and dominant frequency (measured from a spectral slice 
taken from the highest amplitude portion of the note, in Hz), in Praat 5.3.43 software.

Molecular analysis

Total genomic DNA was extracted from 46 specimens (Table 1) using the CTAB 
2% protocol (Doyle and Doyle 1987). A fragment of 490 base pairs (bp) of the 16S 
mtDNA was amplified by PCR using primers 16Saf and 16Sbr (Palumbi 1991). Am-
plification was performed under the following conditions: 60s at 92 °C followed by 
35 cycles of 92 °C (60 sec), 50 °C (50 sec) and 72 °C (90 sec). The final volume of the 
PCR reaction was 12 μL and contained 4.7 μL of ddH2O, 1.5 μL of 25 mM MgCl2, 
1.25 μL of 10 mM dNTPs (2.5 mM each dNTP), 1.25 μL of tampon 10x (75 mM 
Tris HCl, 50 mM KCl, 20 mM (NH4)2SO4), 1 μL of each primer (2 μM), 0.3 μL of 1 
U Taq DNA Polymerase and 1 μL of DNA (30–50 ng/μL).

The sequencing reaction was performed according to the manufacturer’s recom-
mendations for sequencing mix ABI BigDye Terminator, using the primer 16Saf at an 
annealing temperature of 50 °C. The sequencing reactions were precipitated using the 
standardized protocol EDTA/Ethanol, resuspended with 10 μL deionized formamide 
(ABI) and sequenced in the automatic sequencer ABI 3130xl (Applied Biosystems).

Sequences were aligned using the ClustalW algorithm (Thompson et al. 1996) im-
plemented in the software BioEdit 7.2 (Hall 1999). We used the software jModeltest 
2.1.10 under the corrected Akaike information criterion to find the best evolutionary 
model. A maximum likelihood analysis was performed with the Treefinder software (Jobb 
2008) using default settings and with 10000 bootstrap replicates. The Bayesian phylo-
genetic analysis using the evolutionary substitution model (GTR+G) was implemented 
in MrBayes v.3.2.6 software (Altekar et al. 2004), with the default heating values for two 
out of four chains, running 106 generations, with tree sampling every 2000 generations. 
The “burn in” value was selected by visualizing the log likelihoods associated with the 
posterior distribution of trees in the software Tracer v 1.5 (Rambaut et al. 2014). We 
assessed convergence by examining the average standard deviation of split frequencies 
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Table 1. List of specimens used for molecular analysis.

Species Localities GenBank Nº in collec-
tion

Status of 
specimens Source

Pristimantis latro sp. n. Anapu, PA - Brazil KX242519 LZATM 467 Holotype this study
Pristimantis sp. n. Anapu, PA - Brazil KX925980 LZATM 743 Paratype this study
Pristimantis sp. n. Anapu, PA - Brazil KX925981 LZATM 739 Paratype this study
Pristimantis sp. n. Anapu, PA - Brazil KX925983 LZATM 744 Paratype this study
Pristimantis sp. n. Sen. José Porfírio, PA - Brazil KX925984 LZATM 742 Paratype this study
Pristimantis sp. n. Sen. José Porfírio, PA - Brazil KX925985 LZATM 748 Paratype this study
Pristimantis sp. n. Sen. José Porfírio, PA - Brazil KX925986 LZATM 751 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX925987 LZATM 386 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX925988 BIOTA 1218 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX925989 BIOTA 1111 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX242523 BIOTA1214 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX242523 LZATM 213 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX242522 LZATM 277 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX925990 LZATM 279 Paratype this study
Pristimantis sp. n. Altamira, PA - Brazil KX925991 LZATM 281 Paratype this study
Pristimantis sp. n. Medicilândia, PA - Brazil KX925992 LZATM 230 Paratype this study
Pristimantis sp. n. Medicilândia, PA - Brazil KX925993 LZATM 243 Paratype this study
Pristimantis sp. n. Medicilândia, PA - Brazil KX925994 LZATM 255 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX242525 SISTAP 1145 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX925995 SISTAP 1168 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX925996 SISTAP 1235 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX242524 SISTAP 1239 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX925997 SISTAP 1240 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX925998 SISTAP 1244 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX925999 SISTAP 1246 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926000 SISTAP 1253 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926001 SISTAP 1256 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926002 SISTAP 1257 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926003 SISTAP 1259 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926004 SISTAP 1260 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926005 SISTAP 1261 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926006 SISTAP 1275 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926007 MPEG 095 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926008 MPEG 109 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA – Brazil KX926009 MPEG 160 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926010 MPEG 165 Paratype this study
Pristimantis sp. n. Flona Tapajós, PA - Brazil KX926011 MPEG 177 Paratype this study
P. fenestratus Borba 2, AM – Brazil KX242528 INPA-H 34565 Voucher this study
P. fenestratus Borba 2, AM – Brazil KX926012 INPA-H 34580 Voucher this study
P. fenestratus Borba 2, AM – Brazil KX926013 INPA-H 34579 Voucher this study
P. fenestratus Borba 1, AM – Brazil KX242530 INPA-H 34571 Voucher this study
P. fenestratus Borba 1, AM – Brazil KX926014 INPA-H 34577 Voucher this study
P. fenestratus Borba 1, AM – Brazil KX926015 INPA-H 34562 Voucher this study
P. fenestratus Borba 1, AM – Brazil KX242529 INPA-H 34573 Voucher this study
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Species Localities GenBank Nº in collec-
tion

Status of 
specimens Source

P. fenestratus Borba 1, AM – Brazil KX926016 INPA-H 34578 Voucher this study
P. fenestratus Borba 1, AM – Brazil KX926017 INPA-H 34575 Voucher this study

P. koehleri Bolívia, Santa Cruz EU192278 MNCN 42990 Paratopo-
type

Padial and De 
La Riva 2009

P. koehleri Bolivia, Santa Cruz EU192279 MNCN 6627 Paratopo-
type

Padial and De 
La Riva 2009

P. koehleri Bolivia, Santa Cruz EU192280 MNCN 42983 Paratype Padial and De 
La Riva 2009

P. koehleri Bolivia, Santa Cruz EU192281 MNCN 43013 Paratype Padial and De 
La Riva 2009

P. koehleri Bolivia, Santa Cruz EU192282 MNCN 42986 Paratype Padial and De 
La Riva 2009

P. fenestratus Bolivia, La Paz: Chalalan EU192273 MNKA 6629 Voucher Padial and De 
La Riva 2009

P. fenestratus Bolivia, La Paz EU192274 MNKA 6630 Voucher Padial and De 
La Riva 2009

P. fenestratus Bolivia, Cochabamba EU192275 MNKA 6631 Voucher Padial and De 
La Riva 2009

P. gutturalis French Guiane JN690705 577PG Voucher Fouquet et al. 
2012

P. zeuctotylus Suriname JN691256 1069BPN Voucher Fouquet et al. 
2011

P. achatinus Colombia JN104676 UVC15867 Voucher Garcia et al. 
2012

P. conspicillatus Ecuador EF493529 QCAZ28448 Voucher Heinicke et al. 
2007

P. skydmainos Peru EF493393 Heinicke et al. 
2007

P. vilarsi Colombia KP149438 AJC 3945 Voucher Guarnizo et 
al. 2015

P. samaipatae Bolivia, Santa Cruz EU192292 MNCN 42987  Voucher Padial and De 
La Riva 2009

Oreobates cruralis Bolivia JF809994 Voucher Padial et al. 
2012

Abbreviations: MNCN, Museo Nacional de Ciencias Naturales (Spain); MNH-A, Museum of Natural His-
tory Noel Kempff Mercado (Bolivia); MNH, Museum of Natural History, Universidad Nacional de San An-
tonio Abad del Cusco, Peru; INPA – H, Instituto Nacional de Pesquisas da Amazônia – Herpetologia; MPEG, 
Museu Paraense Emílio Goeldi; SISTAP, Sisbiota Tapajós; LZATM, Laboratório de Zoologia de Altamira.

among runs (< 0.01). All trees generated before the flattening of the log likelihood curve 
were discarded. In all analyses, 10% of the samples were discarded as burn-in. The num-
ber of independent samples was considered sufficient when stationarity was reached and 
the effective sample sizes (ESS) were greater than 200. Uncorrected pairwise distances  
(p-distances) among Pristimantis latro sp. n. and other species of the P. conspicillatus 
group were calculated using MEGA 6.0 (Tamura et al. 2007). This analysis used se-



Elciomar Araújo De Oliveira et al.  /  ZooKeys 687: 101–129 (2017)108

quences of several species belonging to the Pristimantis conspicillatus group (Padial et al. 
2014) that are morphologically similar to Pristimantis fenestratus (Padial and De La Riva 
(2009). Hedges et al. (2008) indicates Oreobates as basal group of Pristimantis, therefore 
this genus was used as outgroup in our analyses. All sequences generated and/or ana-
lyzed in this study are available in GenBank (accession numbers are listed in Table 1).

Results

Phylogenetic analysis and genetic distances

The phylogenetic analysis of the nominal species Pristimantis fenestratus revealed the ex-
istence of four lineages (Figure 2): two present in the municipality of Borba, Amazonas, 
Brazil; a third one for specimens from Bolivia available on GenBank, and a fourth lineage 
– the new species – that groups together individuals of the Xingu and Tapajos rivers in 
Pará, Brazil. Samples collected in the paralectotype locality of P. fenestratus, municipality 
of Borba, presented two lineages (Borba 1 and Borba 2) with a genetic distance of 13%. 
The individuals of Borba 2 (INPA-H 34571, 34577, 34562, 34573, 34578 and 34575) 
presented a genetic distance of 3% to P. fenestratus (Bolivia) and of 2% to Pristimantis 
koehleri. The individuals of Borba 1 (INPA-H 34565, 34579 and 34580) presented a 
genetic distance of 15% to P. fenestratus (Bolivia) and 13% to P. koehleri. The new species, 
Pristimantis latro sp. n. has a genetic distance of 8% to P. chiastonotus, 9% to Borba 2, 
10% to P. koehleri, and 11% to both Borba 1 and P. fenestratus of Bolivia (Table 2).

Bioacoustic analysis (Figure 3)

The call is characterized as ascending: its first note has a dominant frequency of 2635 Hz 
and the last one of 3272 Hz. The number of recorded notes of all specimens was seven, 
with a length from 31.60 to 45.91 ms (average = 39.68 ± 5.12). Total duration of the call 
averaged 454.83 ms (± 68.99, 402.36–581.27), presenting multiple pulses per note (6–9, 
average = 7.5 ± 2.12). The fundamental frequency ranged from 1342 to 1448 Hz (average= 
1381.41 ± 35.71) and the dominant frequency ranged from 2635 to 3272 Hz (average= 
3069.21 ± 253.61). A comparison between the advertisement call parameters of Pristim-
antis latro sp. n. and other species of Pristimantis conspicillatus group is shown in Table 3.

Morphological analysis

Based on qualitative morphological characters, the new species can be distnguished 
from other species of the conspicillatus group from the state of Pará by having divided 
palmar tubercle and venter cream with black spots, while P. zeuctotylus has undivided 
palmar tubercle and black venter. When compared with P. chiastonotus, the new spe-
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Figure 2. Maximum Likelihood (ML) tree using the evolutionary model GTR + G, inferring phyloge-
netic relationships of Pristimantis sp. n. and other species of the P. conspicillatus group based on mitochon-
drial 16S mtDNA (490 bp). ML support values are shown before the “/”. Bayesian posterior probability 
support values (%) for major respective nodes are shown after the “/”. The horizontal bar below the tree 
represents the genetic distance between branches. The branch of the new species was collapsed (black 
triangle) to improve tree visualization.
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Figure 3. Comparison between advertisement calls among some species of the Pristimantis conspicillatus 
group: A P. latro sp. n. B P. koehleri C P. fenestratus and D P. samaipatae.

cies differs by the presence of a basal webbing among toes and the presence of a tarsal 
fold, absent in P. chiastonotus. When compared to P. fenestratus, lineage Bolivia, the 
new species lacks discoidal folds and presents a supernumerary tubercle in the hand. 
Additional details can be found in the section "Comparasion with other species".
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With regard to quantitative morphological traits, males of the new species have a 
smaller SVL (N = 46, mean = 27.4 ± 7.2) compared to other lineages of Pristimantis 
fenestratus (Bolivia, N = 44, mean = 30.5 ± 2.1, from Padial and De La Riva 2009), 
lineage Borba 1 (N = 5, mean = 31.2 ± 1.9), lineage Borba 2 (N = 3, mean = 31.0 ± 
0.2), and P. chiastonotus (N = 20, mean = 33.0). Only P. zeuctotylus has a smaller SVL 
than the new species (N = 20, mean = 25.2). Due to the low number of females form 
the localities Borba 1 and Borba 2, we restrict our comparisons with P. fenestratus from 
Bolivia (Padial and De La Riva (2009), P. chiastonotus and P. zeuctotylus. Females of 
the new species have a smaler SVL (N = 49, mean = 31.2 ± 7.9) than P. fenestratus 
from Bolivia (N = 44, mean = 43.7 ± 4.6), P. chiastonotus (N = 14, mean = 44.0) and 
P. zeuctotylus (N = 32, mean = 37.0). All measurements from the new species can be 
found on Appendix 2.

Pristimantis latro sp. n.
http://zoobank.org/19BF72F8-BDA4-4C8C-965D-0D92B654B1DA
Figure 4

Holotype. LZATM – 467, adult female, collected on July 23, 2012 in the municipal-
ity of Anapu, Pará State, Brazil (3°9'28.15"S; 51°27'51.67"W) by Elciomar Araújo de 
Oliveira, Emil José Hernández Ruz and Joyce Celerino de Carvalho. Material stored in 
the collection of the Laboratório de Zoologia de Altamira (LZATM) of the Universi-
dade Federal do Pará, Campus de Altamira, Brazil.

Paratopotypes. Two adult males: LZATM 739, LZATM 747 and nine adult females: 
LZATM 743, LZATM 749, LZATM 750, LZATM 740, LZATM 742, LZATM 754, 
LZATM 742, LZATM 748, LZATM 751, collected during field work by Claudia 
Liz Teles and Joyce Celerino de Carvalho. Material stored in the collection of the 
Laboratório de Zoologia de Altamira (LZATM) of the Universidade Federal do Pará, 
Campus de Altamira, Brazil.

Paratypes. Six males: LZATM 197, LZATM 0063, LZATM 1339, LZATM 818, 
LZATM 815, LZATM 816 and LZATM 1340. Eleven females: LZATM 386, LZATM 
243, LZATM 360, LZATM 744, LZATM 281, LZATM 742, LZATM 748, LZATM 
751, LZATM 230, LZATM 358 and LZATM 277 collected during field work by 
Claudia Liz Teles and Joyce Celerino de Carvalho. Material stored in the collection 
of the Laboratório de Zoologia de Altamira (LZATM) of the Universidade Federal do 
Pará, Campus de Altamira, Brazil. The collection locations of each specimen are listed 
in Appendix 1.

Allocation to genus and species group of the new species. No morphological 
synapomorphy has yet been identified to support the genus Pristimantis (Hedges et al. 
2008). The new taxon is therefore assigned to the genus Pristimantis based on (1) 
molecular phylogenetic relationships (Figure 2); and (2) its morphological character-
istics, which fall into the range of other known Pristimantis species. The new taxon 
is assigned to the genus Pristimantis based on its geographic distribution and overall 
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similarity to the majority of species of Pristimantis described. We assign the new species 
to the P. conspicillatus species group following Maciel et al. (2012) for having Finger I 
longer than Finger II, granular but nor aerolate belly, a tarsal fold, distinct tympanic 
membrane, and by its advertisement call composed of single pulsatile notes modulated 
in amplitude, as well as molecular phylogenetic relationships.

Diagnosis. Pristimantis latro sp. n. is distinguished from other species of the 
group by the following combination of characters (summarized in Table 4): (1) dorsal 
skin weakly shagreened or smooth, dorsal tubercles present, dorsolateral folds absent, 
smooth skin on belly; (2) whitish or yellowish ventral coloration with black spots; (3) 
one subarticular tubercle on fingers I and II and two on Fingers III and IV; (4) super-

Figure 4. Holotype of Pristimantis sp. n. A ventral view B dorsal view C side view of the head D hand
E and right foot (INPA-H 34576).
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numerary tubercles present at the base of fingers I, II, and III, and almost the same size 
of subarticular tubercles; (5) lateral fringes along fingers; (6) supernumerary tubercle 
present at the base of Toe IV; (7) basal webbing between toes and weak lateral fringes 
on toes; (8) twenty-one molecular autapomorphies for the gene fragment 16S mtDNA 
(Table 5); (9) call consisting of seven notes.

Comparison with other species. Due to difficulties in visiting museums to com-
pare some of the species in the Pristimantis conspicillatus group with the species de-
scribed in this work, data from the literature was used for this procedure. The consulted 
reference can be found, between brackets, at the end of each comparison. The character 
state of the compared species is between parentheses. Pristimantis latro sp. n. is distin-
guished from P. fenestratus by the absence of discoidal fold (present), the presence of 
supernumerary tubercles on hand (absent), length of notes in the male advertisement 
call ranging from 31 to 45.91 ms (50 to 91 ms) [Duellman and Lehr 2009; Padial and 
De La Riva 2009; Maciel et al. 2012]; from P. koehleri by smooth belly skin (finely 
granular), absence of discoidal fold (present), rostrum subacuminate in dorsal and pro-
truding in lateral view (acuminate in dorsal view and subacuminate in lateral view), 
vocalization composed by seven notes (four, five, six, seven and eight notes) [Padial and 
De La Riva 2009]; from P. samaipatae by having whitish cream belly with black spots 
disposed randomly (immaculate), length of notes ranging from 31 to 45.91 ms (50 to 
141 ms in P. samaipatae) [Köhler 2000; Padial and De La Riva 2009]; from P. dundeei 
by having smooth belly (areolate), presence of fringe in the fingers (absent), dorsolat-
eral folds (absent), length of notes ranging from 31 to 45.91 ms (50 ms in P. dundeei) 

Table 4. Comparison of diagnostic characters of some species of the Pristimantis conspicillatus group, in-
cluding the new species: (1) belly texture (smooth or granular), (2) dorsal tubercles (present or absent); (3) 
fringe on finger (present or absent); (4) dorsolateral fold (present or absent); (5) fringe on toe (prominent, 
weak, absent); (6) basal membrane on toe (present or absent); (7) tarsal fold (prominent, weak or absent); 
(8) throat color pattern (stained, immaculate, variable or light); (9) supernumerary plant tubercle (present 
or absent); (10) External palmar tubercle (whole, split or semi-split).

Species 1 2 3 4 5 6 7 8 9 10
P. fenestratus* smooth present absent – weak present – stained absent –-
P. fenestratus** smooth absent present absent weak present present variable – split

P. koehleri
granular 
laterally absent absent absent weak absent present light present split

P. dundeei granular present absent absent prominent present present stained – split
P. samaipatae smooth absent absent absent prominent absent present stained – split

P. ventrigranulosus granular absent weak or 
absent absent weak present promi-

nent
weakly 
spotted absent single

P. zeuctotylus smooth absent absent present absent absent absent stained present inteiro
P. chiastonotus smooth absent absent present absent absent absent ligth present split
Pristimantis latro 
sp. n. smooth present present present weak present weak stained present split
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Table 5. Diagnostic characters observed in the 16S mtDNA gene fragment from Pristimantis sp. n. and 
other species of the genus Pristimantis. The first column indicates the character position within the frag-
ment. (-) indicates deletions.

Position 
(pb) P. latro sp. n. P. fenestratus 

(Borba 1)
P. fenestratus 

(Borba 2)
P. fenestratus 

(Bolivia)
P. koehleri 
(Bolivia)

P. chiastonotus 
(Brazil)

86 G A A A A A
138 A G G G G A
144 T C C C C C
149 A T T T T A
184 T C C C C C
194 C - - - - A
197 T A A A A C
202 T A A A A -
208 T C C C C C
229 C T A A A T
230 C T T T T T
237 T - - - - C
239 T C C C C A
247 C A T T T -
269 C T T T T T
273 A C T T T A
289 G A A A A A
293 T - A A A -
330 C T T T T T
401 G A A A A A
455 C T T T T A

[Köhler 2000; Padial and De La Riva 2009]; from P. ventrigranulosus by having smooth 
belly skin (weakly areolate), dorsal tubercles (absent), presence of fringe in the fingers 
(weak or absent), dorsolateral fold present (absent), weak tarsal fold (prominent) [Ma-
ciel et al 2012]; from P. zeuctotylus by a divided palmar tubercle (entire), whitish cream-
colored belly with black spots disposed randomly and dark brown dorsum (black belly 
and bronze dorsum) [Lynch and Hoogmoed 1977]; from P. chiastonotus for presenting 
basal webbing and fringe on the toes (absent), tarsal fold present (absent); snout sub-
acuminate in dorsal view (acuminate), dorsal tubercles present (absent), vocalization 
composed by seven notes (one note) [Lynch and Hoogmoed 1977].

The comparisons were restricted to these species because they present the highest 
morphological and acoustic similarity with the new species. Another important factor 
is the geographical range of the new species, which becomes the only one in its group 
occurring in the eastern state of Pará, Brazil. The geographically-closest species are 
P. zeuctotylus and P. chiastonotus, north of Pará, whereas the most genetically-close are 
P. chiastonotus from the municipality of Monte Alegre in the state of Pará and the line-
age of P. fenestratus from Borba 1 in the state of Amazonas.
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Description of the holotype. Adult female 40 mm SVL. Dorsal skin shagreened, 
absence of dorsal tubercles; smooth ventral skin, granular posterior surface of thighs; 
head longer (39% of the SVL) than wide; long snout, subacuminate in dorsal view and 
protruding in lateral view; concave canthus rostralis, flat loreal region; ovoid tongue 
covering the whole floor of the mouth; dentigerous process of vomer oblique and pos-
terior to choanae; eye 78.9% of Distance from Eye to Nostril; elliptical pupil; absent 
supraocular tubercles; absent cranial crests; prominent supra tympanic fold, not con-
tacting the eye; tympanic membrane 40% of ED, rounded, tympanic annulus promi-
nent; relatively small hands, 26.25% of the SVL; relative length of fingers: II < IV < I < 
III; discs of Fingers III and IV are wider than fingers I and II; prominent, semi divided, 
heart-shaped external metacarpal tubercle; large internal palmar tubercle; one subar-
ticular tubercle prominent on Fingers I and II, two prominent subarticular tubercles 
on fingers III and IV; supernumerary tubercles present at the base of fingers I, II and 
III; long legs, tibia 57% of the SVL; relative length of toes: I <II <V <III <IV; well de-
veloped and oval inner metatarsal tubercle; external metatarsal tubercle much smaller 
than the internal one; one subarticular tubercle on toes I and II; two subarticular tu-
bercles on toes III and V; and three subarticular tubercles on toe IV; basal webbing and 
lateral fringes present on toes (weak); tarsal fold present.

Measurements of holotype (in mm). SVL: 40.0; HL: 15.6; HW: 14.5; SL: 7.9; DEN: 
5.7; ID: 3.1; EL: 4.5; IoD: 3.9; EW: 3.6; TL: 1.8; AL: 8.9; HaL: 10.5; ThL: 20.5; TiL: 
22.8; TaL: 11.9; FL: 18.9; LL: 30.3.

Color in life. Light brown dorsum with some black tubercles. Posterior and anterior 
limbs heavily barred dark brown. Weak labial bars. Black band extending from eye to 
tip of snout. Belly clear with some randomly scattered dark spots. Iris presents a yel-
lowish coloration in the upper and lower part, whereas in the anterior and posterior 
region the color red is predominant.

Coloration in preservative. In alcohol, the coloration is predominantly brown in the 
dorsal region, whether male or female. The belly can be immaculate white or present 
dark spots arranged randomly. The dorsal band, present in some individuals, is white.

Variation (Figures 5 and 6). The males LZATM 197, LZATM 063 and LZATM 1339 
have dorsal color light brown, while the males LZATM 818, LZATM 815, LZATM 816 
and LZATM 1340 have dark brown dorsal and dorsolateral regions with more apparent 
brown bars. The ventral face of males may be immaculate white (LZATM 197, LZATM 
816) or have black spots scattered around the belly and throat (LZATM 1339, LZA 
063, LZATM 818, LZATM 815 and LZATM 1340). LZATM 1340 presents a heav-
ily pigmented black throat, legs and arms with clear bars. Females have predominantly 
light brown dorsum, with weakly barred legs and arms of darker brown (LZATM 386, 
LZATM 467, LZATM 243, LZATM 360, LZATM 744, LZATM 281, LZATM 742, 
LZATM 748 and LZATM 751), while LZATM 230 and LZATM 358 have a darker 
coloration and a dorsal band from the face to the cloaca of yellow color (in life) and white 
(in alcohol). The latter individual has strongly barred legs and arms. Its belly is usually 
either immaculate white or with a few dark spots, but LZATM 277 has a belly and throat 
heavily black pigmented. The dorsal skin is smooth in most of the examined individuals, 
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Figure 5. Color variation in life of some individuals of Pristimantis latro sp. n. A holotype B, C paratypes 
of Anapu and D Altamira.

Figure 6. Dorsal and ventral morphological variation of the type series of Pristimantis latro sp. n. A Females 
in dorsal view B Females in ventral view C Males in dorsal view and D Male in ventral view.
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although some specimens present a weakly shagreened texture: LZATM 358, LZATM 
816, LZATM 63, LZATM 1339, LZATM 1340 and LZATM 467.

Etymology. The specific epithet “latro” (from the Latin latro = mercenary, robber) 
refers to the common name generally attributed to the species of Pristimantis  – 
“Robber Frogs” – that exhibit a dark band on the snout, creating the illusion of a 
robber’s mask.

Distribution, ecology, and habitat. Pristimantis latro sp. n. has been recorded in 
the municipalities of Anapu, Senador Jose Porfirio, Altamira, Medicilândia, Brasil Novo, 
Uruará and Flona Tapajós regions located in the interfluves Xingu / Tapajós and Xingu / 
Tocantins - Araguaia in Pará State, Brazil (Figure 7). It can be found in conserved areas 
of forests (Anapu, Flona do Tapajós) or with some environmental disturbance, e.g., 
forest fragments surrounded by pastures (Brasil Novo, Altamira and Vitória do Xingu). 
During the rainy/reproductive period, the males move up the vegetation to vocalize at a 
height of 1.5 m and in the dry period they can be found in the leaf litter.

Figure 7. Type locality of Pristimantis latro sp. n., municipality of Anapu, Pará, Brazil (star). The circles rep-
resent the other localities where the new species was found. The square and the diamond represent the locali-
ties of Pristimantis fenestratus used for the morphological and genetic comparisons. 1 Anapu (3°4'57.26"S; 
51°22'25.67"W) 2 Senador José Porfírio (2°34'51.63"S; 51°56'13.47"W) 3 Altamira (3°13'24.85"S; 
52°14'22.74"W) 4 Medicilândia (3°26'37.93"S; 52°53'35.26"W) 5 Flona do Tapajós (3°38'49.06"S; 
55°11'46.00"W) 6 Borba (4°28'29.88"S; 59°42'12.06"W) and 7 La Paz, Bolivia (16°24'12.89"S; 
68°6'10.20"W).
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Discussion

Pristimantis is a megadiverse genus with many species described mainly for the Andean 
region of Peru and Bolivia, Colombia, Ecuador and Venezuela, likely because a larger 
number of surveys have been carried out in these areas (Duellman and Hedges 2007, 
Elmer and Cannatella 2008, Padial and De la Riva 2009, Duellman and Lehr 2009, 
Barrios-Amorós et al. 2010, Arteaga-Navarro and Guayasamin 2011, Mueses-Cisneros 
et al. 2013, Navarrete et al. 2016, Shepack et al. 2016). In comparison, its diversity in the 
eastern Amazonian region appears to be lower, possibly due to a lack of taxonomic studies. 
As far as we know, Pristimantis latro sp. n. represents the first species described to the south 
of the Amazon River in Pará State, where it was erroneously identified as P. fenestratus due 
to their morphological similarities (Oliveira et al. 2013, Vaz-Silva et al. 2015).

Pristimantis fenestratus has been considered a widely distributed and recorded spe-
cies in the Amazon, but we raise a problem already mentioned by other authors regard-
ing its cryptic diversity (Padial and De la Riva 2009, Duellman and Lehr 2009, Smith 
et al. 2009). Our analyses show that P. fenestratus from the municipality of Borba 
and P. fenestratus from La Paz, Bolivia, represent three lineages separated by genetic 
distances larger than 3%, which studies suggest may indicate distinct species (Vences 
et al. 2005, Fouquet et al. 2007). Thus, a taxonomic revision of P. fenestratus is required 
since populations from the two locations mentioned in the original description show 
considerable genetic differences.

Pristimantis latro sp. n. is described for the Eastern Amazonia after a morphologi-
cal, molecular and bioacoustics comparison with P. fenestratus and other species of the 
P. conspicillatus group. Recent studies have revealed that widely distributed frog species 
often include many cryptic taxa (Elmer et al. 2007, Padial and De la Riva 2009, Ge-
hara et al. 2014). It is common to describe new species of Pristimantis based only on 
morphology (Barrios-Amorós et al. 2010, Mueses-Cisneros et al. 2013, Navarrete et al. 
2016) or on a combination of morphological and genetic evidences (Arteaga-Navarro 
and Guayasamin 2011, Barrios-Amorós et al. 2012). Here, the combination of differ-
ent lines of evidence revealed a new species of Pristimantis with morphological, genetic 
and bioacoustic diagnostic characters that allow not only differentiating it from other 
species of its group, but also illuminate the taxonomy of this speciose genus.
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Appendix 1

Specimens examined. INPA-H (Instituto Nacional de Pesquisas da Amazônia – Her-
petology); MPEG (Museu Paraense Emilio Goeldi); LZATM (Laboratório de Zoolo-
gia de Altamira); CTGANSISTA_D (Coleção de Tecidos de Genética Animal, Sisbiota 
Tapajós, margem direita).

Pristimantis fenestratus: INPA-H 34562, INPA-H 34565, INPA-H 34571, INPA-H 
34573, INPA-H 34575, INPA-H 34577, INPA-H 34578, INPA-H 34579, INPA-
H 34580, MPEG 7088, municipality of Borba, Amazonas, Brazil (type locality).

Pristimantis sp. n.: LZATM467, LZATM743, LZATM 739, LZATM749, 
LZATM747, LZATM750, LZATM740, LZATM742, LZATM754, 
LZATM742, LZATM748, LZATM751, MPEG 26050, MPEG 26059, MPEG 
26052, MPEG 26063, MPEG 26065, municipality of Anapu, Pará, Brazil (type 
locality). LZATM 0063, LZATM139, LZATM155, LZATM213, LZATM265, 
LZATM270, LZATM277, LZATM280, LZATM281, LZATM386, LZATM 
1344, LZATM 1112, MPEG 26055, MPEG 26053, MPEG 26054, MPEG 
31415, MPEG 31416, MPEG 1113, municipality of Altamira, Pará, Bra-
zil. LZATM137, LZATM138, LZATM197, LZATM 802, LZATM 876, 
LZATM 1340, municipality of Brazil Novo, Pará, Brazil. LZATM140, 
LZATM141, LZATM188, LZATM222, LZATM229, LZATM230, 
LZATM236, LZATM243, LZATM255, LZATM 818, LZATM 814, LZATM 
816, LZATM 815, municipality of Medicilândia, Pará, Brazil. LZATM355, 
LZATM356, LZATM357, LZATM358, LZATM359, LZATM360, munici-
pality of Uruará, Pará, Brazil. LZATM 753, LZATM 1125, LZATM 1140, 
municipality of Senador José Porfírio, Pará, Brazil. CTGANSISTA_D_1168, 
CTGANSISTA_D_1246, CTGANSISTA_D_1235, CTGANSISTA_D_1145, 
CTGANSISTA_D_1253, CTGANSISTA_D_1239, CTGANSISTA_D_1275, 
CTGANSISTA_D_1259, CTGANSISTA_D_1260, CTGANSISTA_D_1257, 
CTGANSISTA_D_1256, CTGANSISTA_D_1244, CTGANSISTA_D_1240 
Flona Tapajós, Pará, Brazil.

Pristimantis zeuctotylus: LZATM1951, LZATM1054 and LZATM1057, municipality 
of Monte Alegre, Pará, Brazil.

Pristimantis chiastonotus: LZATM1050, LZATM1052, LZATM1055, and 
LZATM1056, municipality of Monte Alegre, Pará, Brazil.
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Abstract
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Introduction

The scincid lizard genus Plestiodon Duméril & Bibron, 1839, comprises some 45 species, 
is distributed across East Asia and North America (Brandley et al. 2012, Feria-Ortiz and 
García-Vázquez 2012, Okamoto and Hikida 2012, Kurita and Hikida 2014a, b). Among 
these, P. chinensis (Gray, 1838) is a large-sized skink widely distributed in Asia including 
continental China, Taiwan, the Korean Peninsula, and islands offshore from these areas 
(Hikida 1993). Several available names have been given to the different geographic entities 
of P. chinensis, but their taxonomic status remain uncertain due to a paucity of studies 
on geographic variation in the complex. At least three subspecies have been commonly 
recognized by recent researchers: P. c. chinensis (Gray, 1838), P. c. formosensis (Van Denburgh, 
1912), and P. c. leucostictus (Hikida, 1988) (Hikida 1993, Zhao and Adler 1993, Zhao et al. 
1999), but the recognition of two additional subspecies, P. c. pulcher (Duméril & Bibron, 
1839) and P. c. daishanensis (Mao, 1983), varies among different authors.

Two subspecies, P. c. formosensis and P. c. leucostictus, are known from Taiwan and 
its adjacent islets. Van Denburgh (1912a,b) first described the former subspecies as 
Eumeces chinensis formosensis from “San Shi Ka, Formosa” (see Discussion for current 
name and location), on the basis of differences in head scutellation and body colora-
tion from the nominotypical subspecies. In a revision of Eumeces sensu lato (encompass-
ing Plestiodon of the current classification), Taylor (1936) considered this subspecies a 
junior synonym of P. c. chinensis. However, subsequent researchers (e.g. Hikida 1993, 
Zhao and Adler 1993, Zhao et al. 1999) recognized its validity. It has been known to 
occur in lowland areas (less than 500 m) of Taiwan, with a large disjunction across 
the central mountain ranges which separates the island into the eastern and western 
geographic zones (Shang et al. 2009). The second subspecies was described by Hikida 
(1988) as Eumeces chinensis leucostictus from Green Island (also known as Ludao, Ly-
udao, or Lutao), located off the southeast of Taiwan. It is clearly distinct from the 
other subspecies of P. chinensis in having a white-spotted dorsal pattern in juveniles, in 
addition to some scutellation differences such as a higher number of scale rows around 
midbody, and the usual presence of postnasal (Hikida 1988). Currently it is known to 
occur only on this tiny islet (15.1 km2), and is regarded as one of the most threatened 
taxon in Plestiodon because of the extremely restricted distribution.

However, P. c. leucostictus-like forms have been reported outside of Green Island. 
Pictures in a field report from Yu (1994) and a field guide by Shang et al. (2009), both 
taken in Hualien County of eastern Taiwan, indicated that Plestiodon individuals in 
this region have a white-spotted pattern on the dorsum. The geographic proximity of 
this area to Green Island, in conjunction with the similarity in juvenile color pattern-
ing, implies that eastern Taiwanese populations currently assigned to P. c. formosensis 
might be geographic variants of P. c. leucostictus. However, this debate remains because 
of the scarcity of specimens from eastern Taiwan. Here we reassess the taxonomic status 
and distributions of P. c. formosensis and P. c. leucostictus by comparing the morphologi-
cal features and DNA sequences of P. chinensis from representative localities in Taiwan 
and Green Island.
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Materials and methods

Study site and material examined

Specimens of P. chinensis from each of three regions (western Taiwan, eastern Taiwan, 
and Green Island) were assigned to a single operational taxonomic unit (OTU), and 
their taxonomic relationship was examined using morphological and molecular data. 
For the morphological examination, 69 specimens from Taiwan were used, including 
the type series of P. c. formosensis; and 54 specimens of P. c. leucostictus, including 27 
newly investigated specimens and published data on the type series (Hikida 1988) 
(Suppl. material 1: Appendix I). In the molecular genetic analysis, representatives of 
each OTU were used, including specimens from the putative type locality of P. c. for-
mosensis (Table 1; Fig. 1).

Morphological examination

Three morphological features reported to distinguish P. c. leucostictus from other sub-
species of P. chinensis (Hikida 1988) were characterized. These features included ju-
venile color pattern on dorsal and lateral regions of body (JCP), the number of scale 
rows around midbody (MSR), and presence or absence of postnasal scale (PN). To 
investigate body coloration, preserved specimens were examined. Other scutellation 
characters were counted and observed using a stereomicroscope where necessary.

Molecular genetic analysis

DNA sequences of three independently evolving regions were determined for repre-
sentative specimens of P. chinensis from Taiwan and Green Island. Two fragments of 
mitochondrial DNA (mtDNA) loci were sequenced for all materials. The first mtDNA 
fragment (termed mtDNA-1) included the 3′ end of the transfer RNAGlu gene (tRNA-
Glu) and a portion of cytochrome b gene (cyt b). The second mtDNA fragment (termed 
mtDNA-2) included a portion of the 3′ end of the 16S ribosomal RNA gene, tRNALeu, 
the first unit of the NADH dehydrogenase gene (ND1), tRNAIle, tRNAGln, and a por-
tion of the 5′ end of tRNAMet. Two nuclear loci, the recombination activating gene-1 
(RAG-1) and prolactin receptor (PRLR), were also sequenced for some specimens. 
These genes were chosen based on several relevant taxonomic and phylogenetic studies 
of Plestiodon (e.g. Brandley et al. 2012; Kurita and Toda 2017).

Total genomic DNA was extracted from liver or tail tissues stored at −80 °C or 
in 99% ethanol. Extractions were performed with the DNeasy Blood & Tissue kit 
(QIAGEN, Hilden, Germany) or by using a slightly modified version of Okamoto 
et al.’s (2006) method. Polymerase chain reactions (PCR) were conducted using the 
TaKaRa Ex Taq kit (Takara Bio, Otsu, Japan) with a GeneAmp PCR Systems 2700 
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Figure 1. Locality map of Plestiodon chinensis samples used for molecular DNA genetic analysis. Orange 
circles: P. c. formosensis from western Taiwan. Black circles: P. c. “formosensis” from eastern Taiwan. Green 
circle: P. c. leucostictus from Green Island. These colors correspond to those of Figures 3 and 4. Open 
squares indicate the putative type locality for P. c. formosensis (1 Xiangshan in Hsinchu County [Shang 
et al. 2009] 2 Shanshang in Tainan County [Zhao and Adler 1993]).

machine (Applied Biosystems, Foster City, CA, USA). The PCR cycle condition for the 
mtDNA-1 was as follows: initial denaturation at 95°C for 5 min, followed by 30 cycles 
of 94°C for 1 min, 45 or 50°C for 1 min, and 70°C for 2 min, with a final extension 
at 72°C for 7 min. The PCR cycle condition for the mtDNA-2 was as follows: initial 
denaturation at 94°C for 2 min, followed by 30 cycles of 94°C for 30 s, 55°C for 30 s, 
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and 72°C for 1 min 30 s, with a final extension at 72°C for 5 min. Amplification pro-
tocols for nuclear RAG-1 and PRLR were the same as those used by Kurita and Hikida 
(2014b) and Townsend et al. (2008), respectively. The amplified DNA fragments were 
purified by polyethylene glycol (PEG) precipitation using 0.6 volume of PEG solu-
tion (20% PEG 6000, 2.5 M NaCl). Sequencing reactions were performed using the 
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). The products 
were cleaned by ethanol precipitation and sequenced on an Applied Biosystems 3130xl 
Genetic Analyzer (Applied Biosystems). The primers used for PCR and for sequencing 
are listed in Suppl. material 1: Appendix II. We used FinchTV 1.4.0 (Geospiza, http://
www.geospiza.com/ Products/finchtv.shtml) and MEGA5.2.1 (Tamura et al. 2011) to 
view and align the sequences. Newly obtained sequence data were deposited in Gen-
Bank (accession nos. LC200983–LC201042; Table 1).

Sequences from previous studies of P. chinensis and its relatives were included in 
the analyses, including two other members of the P. chinensis species group (P. kishi-
nouyei [Stejneger] and P. tamdaoensis [Bourret]), with a more distantly related species 
P. quadrilineatus Blyth used as outgroup for phylogenetic inferences (Brandley et al. 
2012, Zhang et al. 2016, Kurita and Toda 2017) (Table 1). The nuclear DNA sequence 
dataset included P. kishinouyei, which was regarded as the most closely related clade of 
the ingroup taxa (see Results).

Mitochondrial DNA genealogy was inferred using maximum likelihood (ML) 
and Bayesian inference (BI) methods with TREEFINDER (March 2011 version; 
Jobb 2011) and MrBayes 3.2.2 (Ronquist et al. 2012), respectively. Each gene was 
aligned separately using MUSCLE (Edgar 2004) implemented in MEGA5 with de-
fault parameters. We then manually adjusted for rRNA and tRNA gene sequences 
based on their secondary structures, utilizing information from Gutell and Fox (1988) 
and Kumazawa and Nishida (1993), respectively. Neither stop codons nor insertions/
deletions (indels) were found in the cyt b and ND1 gene sequences. Regions with 
gaps or ambiguous alignment were excluded from rRNA and tRNA sequence align-
ments. Dataset (total sequence of 2,351 bp) was partitioned according to genes (four 
tRNA regions were combined into a single partition) and codon positions (for cyt b 
and ND1). The appropriate substitution models for these datasets were selected with 
KAKUSAN4 (Tanabe 2011) under the corrected Akaike Information Criterion (AICc; 
Sugiura 1978) (Suppl. material 1: Appendix III). Statistic support for the inferred 
ML tree topology was assessed by using nonparametric bootstrap analysis (Felsenstein 
1985) with 1,000 pseudoreplicates. In the BI analysis, we performed two independent 
runs of four Markov chains for 4 × 106 generations per run, sampling a tree every 100 
generations. After checking the adequacy (the effective sample size ≥200) of the param-
eter estimates and convergence using Tracer 1.5 (Rambaut and Drummond 2007), we 
discarded the first 20,001 trees as burin-in and calculated a consensus topology and 
Bayesian posterior probabilities for the remaining 40,000 trees. Statistic supports with 
bootstrap values of ≥70%, or Bayesian posterior probabilities of ≥95%, were regarded 
as sufficiently resolved for ML analysis (Hillis and Bull 1993) and BI analysis (Leaché 
and Reeder 2002, Huelsenbeck and Rannala 2004), respectively.
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Prior to the nuclear DNA analysis, gametic phases for the individuals that were 
heterozygous at more than one nucleotide position were inferred using PHASE 2.1.1 
(Stephens et al. 2001, Stephens and Scheet 2005). We used SeqPHASE (Flot 2010) to 
interconvert PHASE input/output files and performed the PHASE analysis using de-
fault settings, with the exception of setting the probability threshold to 0.7 (Harrigan et 
al. 2008). Five independent runs were performed with different seeds to check the con-
sistency of the haplotype frequency estimates and pseudo-likelihood scores across runs. 
The absence of indels or stop codons for inferred sequences was checked by translating 
them with the universal nuclear genetic code using MEGA5 (Tamura et al. 2011).

We inferred gene genealogy among the detected alleles of the two nuclear loci us-
ing median-joining analyses with NETWORK 5.0.0.0 (http://www.fluxus-engineer-
ing.com; Bandelt et al. 1999). In addition, we used the nuclear DNA dataset to per-
form an analysis of molecular variance (AMOVA; Excoffier et al. 1992) using Arlequin 
3.5.1.2 (Excoffier and Lischer 2010) with 10,000 permutations to compare the current 
(western and eastern Taiwan vs. Green Island) and revised (western Taiwan vs. eastern 
Taiwan + Green Island; see Results) classifications.

Results

Morphological analyses

An examination of color variation demonstrated that specimens from the different fo-
cal areas had different color patterns. Almost all juvenile specimens (SVL = 47.9–60.4 
mm; n = 9) from eastern Taiwan (Taitung County) showed a pattern of small white 
spots without light lines on the dorsum (Fig. 2). This is very similar to the color pat-
tern of P. c. leucostictus described by Hikida (1988). Among these specimens, the white 
spotted pattern in larger juveniles was faded on the dorsal regions. One exceptional 
specimen (SVL = 57.6 mm) possessed white spots together with an obscure middorsal 
light line on the dorsum. In contrast, juveniles (SVL = 40.1–69.9 mm; n = 7) from 
northwestern Taiwan (New Taipei City and Miaoli County) clearly had three light 
lines on the dorsum and white spots on the flank (Fig. 2). This pattern was retained in 
the type specimens of P. c. formosensis, although they are adults.

Eastern Taiwanese specimens usually had 24 scale rows at midbody (range = 24–26, 
mean ± SD = 24.3 ± 0.7, n = 25) (Table 2). The range and mode of MSR were similar to 
those of western Taiwanese specimens (23–26, 24.3 ± 0.8, n = 38), while the mode was 
lower than that of Green Island specimens (24–27, 25.8 ± 0.7, n = 54).

Most of the eastern Taiwanese specimens examined possessed a postnasal on both 
sides (92%; Table 2). The frequency of the presence on both sides was higher than that 
of Green Island specimens (59%) and that of the western Taiwanese specimens (28%). 
The western Taiwanese specimens usually lack a postnasal on both sides (60%).
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Figure 2. Color pattern alteration of Plestiodon chinensis formosensis (left, from western Taiwan) and P. c. 
leucostictus (right, from Green Island). Hatchlings (A vs. E), juveniles (B and C v.s. F and G), and adults 
(D v.s. H). Photographed by H.-Y. Tseng A, C, G, H; R.-J. Wang B, F; S.-M. Lin D; and C.-W. You E.
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Table 2. Variation in scutellation characteristics (MSR, the number of scale rows around midbody; PN, 
the presence of a postnasal: A = absent or P = present) of Plestiodon chinensis in Taiwan and Green Island.

Locality
MSR PN (left-right)

N 23 24 25 26 27 N A-A A-P P-A P-P
P. c. formosensis, western Taiwan

Keelung County 3 2P 1 3 3P

New Taipei City 17 1 15 1 17 9 4 4
Taipei City 6 4 2 6 6
Hsinchu County 5 4P 1H 6 3P 1 2HP

Miaoli County 10 8 2 11 5 6
Total 41 1 33 7 43 26 5 12

P. c. formosensis, eastern Taiwan
Hualien County 4 3 1 5 1 4
Taitung County 21 18 1 2 21 1 20
Total 25 21 1 3 26 1 1 24

P. c. leucostictus
Green Island† 54 6 2 45 1 54 16 1 5 32

HIncluding holotype of P. c. formosensis; PIncluding paratype of P. c. formosensis
†Data including the type series from Hikida (1988)

Molecular phylogenetic analyses

The ML and BI trees were almost identical in topology. Therefore, we present only the 
ML tree in Fig. 3. The phylogeny did not support reciprocal monophyly between P. 
c. formosensis and P. c. leucostictus, but did demonstrate that P. chinensis from Taiwan 
is divided into two distinct clades (Clades A and B), although their sister relation-
ship is not well supported in ML methods (69%/0.95 = ML bootstrap value/Bayes-
ian posterior probability). Clade A contained P. c. formosensis from western Taiwan 
(noted as orange in Fig. 3), including the putative type locality (i.e. Xiangshan, Hsin-
chu County), together with P. c. chinensis from the southeastern region of continental 
China (red). Clade B contained P. c. formosensis from eastern Taiwan (black) and P. c. 
leucostictus from Green Island (green, topotypes). The mean uncorrected p-distance 
between Clades A and B was 5.1%/4.0% (= cyt b/ND1), which was comparable to the 
distances between these clades and their closest relative, P. kishinouyei (i.e. Clade A vs. 
P. kishinouyei = 5.7%/4.2%; Clade B vs. P. kishinouyei = 5.9%/4.6%).

In nuclear DNA sequences, one individual from Jinshan (KUZ R71794) in the 
RAG–1 dataset was not phased with significant support (phase probability = 0.66), 
and was omitted. The remaining heterozygous sequences were inferred with phase 
probabilities ≥0.98. In the RAG–1 dataset, nine inferred alleles were obtained from P. 
chinensis (Fig. 4a). Of these, four alleles were obtained from eastern Taiwanese speci-
mens. One of these four alleles was shared by specimens from western Taiwan, and 
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Figure 3. Maximum likelihood tree estimated using mitochondrial DNA sequences (2,351 bp). Num-
bers near interior branches show the bootstrap probabilities/Bayesian posterior probabilities. Sample 
names correspond to those given in Table 1.

two were shared by Green Island specimens. In the PRLR dataset, five inferred alleles 
were obtained from P. chinensis (Fig. 4b). Two alleles were found in specimens from 
eastern Taiwan, consisting of an allele endemic to this population and an allele shared 
with both specimens from western Taiwan and Green Island. The results of AMOVA 
for both nuclear datasets showed significant genetic differentiation between specimens 
from western Taiwan and eastern Taiwan plus Green Island (FST = 0.24, P = 0.0032 in 
the RAG–1 dataset; FST = 0.66, P < 0.0001 in the PRLR dataset). In contrast, there 
was no significant genetic differentiation between specimens from Taiwan (including 
western and eastern areas) and Green Island in either dataset (FST = −0.05, P = 0.5934 
in the RAG–1 dataset; FST = 0.23, P = 0.0530 in the PRLR dataset).
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Figure 4. Median-joining networks of the RAG–1 A and PRLR B datasets. Open circles indicate miss-
ing alleles.

Discussion

The morphological investigation in this study confirmed that P. chinensis from eastern 
Taiwan are more similar in morphology to P. c. leucostictus than to P. c. formosensis from 
western Taiwan, especially in possessing a white spotted pattern without light lines on 
the dorsum (Fig. 2). Although the eastern Taiwanese specimens were similar to the 
western specimens in MSR, they showed a different frequency pattern from the western 
and Green Island specimens in PN (Table 2). Thus, the scale characters did not seem 
decisive as the basis of allocation of the eastern Taiwanese population. However, with 
the same coloration to P. c. leucostictus which is unique in this genus, the eastern Tai-
wanese populations should be assigned to this taxon. This morphologically based classi-
fication was also supported by molecular data: the genetic markers collectively suggest-
ed differentiation between western and eastern Taiwanese populations and close affinity 
between the eastern Taiwanese populations and P. c. leucostictus (Figs 3, 4). Therefore, 
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the eastern Taiwanese and Green Island populations should be placed in a single taxon 
that is distinct from western Taiwanese populations. Based on the morphological dif-
ferentiation of this taxon (Fig. 2) and a level of genetic differentiation comparable to 
that with another species (i.e. P. kishinouyei), we conclude that P. c. leucostictus should 
be recognized as a distinct species, i.e., Plestiodon leucostictus (Hikida, 1988).

According to the original description by Van Denburgh (1912a), the holotype of 
P. c. formosensis was collected from “San Shi Ka, Formosa”. The name probably derives 
from both Japanese and Taiwanese pronunciations. It signifies a “mountain foot” (Yi-
Hung Chen, personal communication). Shang et al. (2009) proposed Xiangshan (Hsin-
chu County in western Taiwan) as the collection locality, while Zhao and Adler (1993) 
proposed Shanshang (Tainan County in western Taiwan) as the collection locality (sites 1 
and 2 in Fig. 1, respectively). Based on our investigations on the island, this lizard is very 
abundant in northwestern, but very rare in southwestern Taiwan, indicating that the for-
mer place has a higher probability to be the real type locality. Unfortunately, we could not 
analyze specimens from both localities because population from the latter place was scarce. 
However, considering the continuous habitat and landscape pattern in western Taiwan, 
lizards from both localities should be assigned as the western taxon (Clade A). Further-
more, since the light lines was reported by Van Denburgh (1912b) from the holotype, it 
helps to confirm that P. c. formosensis should be applied only to the western lizard, while 
P. leucostictus stands for a valid specific name. Their disjunct distribution suggests that the 
Central Mountain Range in Taiwan may have played a major role as a natural barrier for 
these lowland lizards, congruent to the other phylogeographic cases which have shown 
huge diversification between eastern and western clades such as cobras (Lin et al. 2008), 
rhacophorid treefrogs (Lin et al. 2012), and lacertid lizards (Tseng et al. 2014, 2015).

Beyond the clear differentiation of P. leucostictus from other members of the 
P.  chinensis complex, the intraspecific taxonomy of P. chinensis remains obscure. 
Subsequent to the description of P. c. formosensis by Van Denburgh (1912a), P. chinensis 
has been recognized as a polytypic species. Taylor (1936) placed P. c. formosensis in 
a junior synonym of the nominotypical subspecies without any comments, while 
he added a northern continental form, P. c. pulcher, to the subspecific rank of P. 
chinensis. He suggested that their geographic boundary might be located south of 
the Yangtze River. Hikida (1993) recognized the validity of P. c. formosensis and three 
other subspecies (P.  c. chinensis, P. c. leucostictus, and P. c. pulcher), and regarded a 
Korean species, P.  coreensis (Doi and Kamita 1937), as a synonym of P. c. pulcher. 
Zhao and Adler (1993) and Zhao et al. (1999) mostly agreed with Hikida’s (1993) 
classification, but did not recognize P. c. pulcher at subspecies rank. Instead, they 
regarded P. c. daishanensis, which was described by Mao (1983) based on specimens 
from the Zhoushan Islands, as a valid subspecies, although the other senior synonym, 
P. c. rufoguttatus, which was described by Cantor (1842) from another island in the 
same archipelago, is available for this taxon (Schmidt 1927, Taylor 1936).

As our study did not include representative specimens assigned to P. c. pulcher, 
P. c. daishanensis (or P. c. rufoguttatus), and P. coreensis, we could not undertake com-
prehensive revision of infraspecific taxonomy of P. chinensis. However, the low level 
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of mtDNA genetic divergence we found between P. c. formosensis and P. c. chinensis 
(Fig. 3) supports their conspecific status, and P. c. formosensis should be assigned to 
P. chinensis. Additional detailed investigations of geographic variation in P. chinensis, 
including all of the putative nominal taxa, are needed to clarify the validity of the pro-
posed subspecies in P. chinensis.

In this study, we solved the long and lasting debate to revise the taxonomic assign-
ment of Plestiodon in eastern Taiwan from P. c. formosensis to P. leucostictus. The validity 
of P. leucostictus as a distinct species was confirmed, and we also revise its distribution 
from Green Island only to the eastern part of Taiwan. Nevertheless, this species in 
eastern Taiwan is far from common; Green Island is still the only locality for this spe-
cies to show stable population size. In recent years, the dominant, large-sized skink 
Eutropis multifasciata was found to invade this island (Chen et al. 2009), which gave 
rise to a close tension from scientists. Although a project has been initiated to remove 
this invader, the problem requires sustained attention because of the notorious inva-
sion history of this skink in Taiwan and other places (Ota et al. 1994, Witmer et al. 
2007). On an islet like this size, invasive species, as well as other stochastic effects such 
as climate or demographic changes, may cause serious impacts to native species, and 
lead to negative consequence to this endangered taxon.
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Introduction

Pnigalio Schrank, 1802 (Hymenoptera: Eulophidae: Eulophinae), is comprised of 61 
valid species (Noyes 2017). Eight species of Pnigalio were known from China (Sheng 
1995; Zhu and Huang 2001, 2002; Zhang et al. 2007; Yang et al. 2015).

The species of Pnigalio includes numerous species which are potentially important 
for biological control of leaf miners belonging to Lepidoptera, Diptera, Coleoptera and 
Hymenoptera (Yoshimoto 1983; Askew 1984; Bernardo et al. 2006, 2007; Compton 
and Askew 2007; Grabenweger et al. 2009; Yefremova and Mistchenko 2009; Yegore-
nkova and Yefremova 2012; Strakhova et al. 2013; Yefremova et al. 2013, 2015; Noyes 
2017). Four species have been reported parasitizing Eriocrania (Lepidoptera: Eriocra-
niidae) moths: P. agraules (Walker), P. longulus (Zetterstedt), P. pectinicornis (Linnaeus), 
P. soemius (Walker) (Askew and Shaw 1974; Hansson 1987; Koricheva 1994; Zvereva 
and Kozlov 2006).

Eriocrania semipurpurella alpina Xu has one generation a year in China. Heavy in-
festations in birch forests were observed in the Qilian Mountains, Qinghai Province, 
from 2004 to 2014. The life history and biological characteristics of E. s. alpina were 
observed (Li et al., 2016). Two ichneumonids were reported parasitizing overwintering 
cocoons of E. s. alpina (Cairangdanzhou et al., 2013; Zhang et al., 2016). A new para-
sitoid species of Pnigalio was reared from the larvae of the pest and it is described in the 
present paper. We also provide a key to the known Chinese species of the genus Pnigalio.

Material and methods

The life history and biological characteristics of E. s. alpina were observed at the Beis-
han Forest Farm (N37°01', E102°21', 2400–2500 m), Huzhu County, Qinghai Prov-
ince from 2011 to 2016. Adults of E. s. alpina and its parasitoids were collected using 
intercept traps (IT, Li et al., 2012). As well, birch leaves mined by 3rd to 4th instars 
larva of the pest were collected from 10 May to 16 June 2011. The leaves were dissected 
and examined for parasitism. Parasitoid larvae and pupae were kept in glass culture 
dishes (60 × 10 mm) at room temperature for rearing until parasitoid emergence. The 
host species was identified by Dr Hou-Hun Li (Nankai University, Tianjin, China).

For the morphological terminology used in this paper, see Bouček (1988) and 
Gibson (1997). The figures were taken using a Leica M205A microscope with a Leica 
Microsystem DFC550 digital camera. Photographs were combined using Leica Ap-
plication Suite (Version 4.5.0).

The holotype, most paratypes of the new species and hosts are deposited in the 
Insect Museum of the General Station of Forest Pest Management (GSFPM), State 
Forestry Administration, Shenyang, China. Some paratypes are deposited in the Insect 
Museum of the Chinese Academy of Forestry (CAF), Beijing, China. Some hosts are 
deposited in the Insect Museum of Nankai University (NKUM), Tianjin, China.
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Taxonomy

Pnigalio Schrank, 1802

Pnigalio Schrank, 1802: 315. Type-species Ichneumon pectinicornis L.

Diagnosis. Body color usually metallic blue-green to blue-black (only few species 
black and with or without metallic reflections). Head rounded, subtriangular or sub-
rectangular, wider than high; antenna with 2 annelli, 3–4 funicle segments and 2–3 
club segments; mandible subquadrate, usually with a strongly developed acute upper 
tooth and 4 rounded lower teeth. Pronotum campanulate to subrectangular; scutel-
lum with 2 or 3 pairs of bristles; propodeum with strongly developed median carina, 
anterior 1/3 with tongue-like projection or without projection, plicae and costulae 
present or absent, sometimes with additional costulae either complete or incomplete; 
propodeal spiracle rounded to subovate. Fore wing usually hyaline, veins developed. 
Metasoma elongate-ovate to narrow and long (Yoshimoto 1983).

Key to species of Pnigalio known in China

1	 Costulae of propodeum absent (Fig. 6), or if present, then weak and not 
reaching median carina (Fig. 9, arrow).........................................................2

–	 Costulae of propodeum present and reaching median carina.......................4
2	 Axilla reticulate; fore wing length 2.3 × width, costal cell length 8.0 × width; 

hind leg (female) black except coxa with blue-green with purple metallic 
tinge................................................................... P. scabraxillae Yang & Yao

–	 Axilla weakly sculptured; fore wing (Fig. 11) length 2.7 × width, costal cell 
length 10.0 × width or fore wing length 2.1 × width, costal cell length 3.6 × 
width; hind femur, tibia, yellow to yellowish white (female)........................3

3	 Scape white; posterior margin of mesoscutum with three pairs of stout bris-
tles; propodeal disc laterally reticulate; fore wing length 2.1 × width, costal 
cell length 3.6 × width; hind leg white, coxa smooth dorsally.......................
....................................................................P. maijishanensis Yang & Yao

–	 Scape blue-green with purple metallic tinge; posterior margin of mesoscutum 
with one pair of stout bristles (Fig. 6, arrow); propodeal disc laterally smooth 
(Fig. 6); fore wing (Fig. 11) length 2.7 × width, costal cell length 10.0 × width; 
hind femur, tibia (apical portion brown), yellow to yellowish white, coxa with 
coarse reticulate sculpture dorsally.................. P. eriocraniae Li & Yang, sp. n.

4	 Costula meeting anterior margin of propodeum or anterior part of median 
carina...........................................................................................................5

–	 Costula meeting median portion of median carina......................................6
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5	 Costula reaching anterior margin of propodeum or anterior part of median carina; 
mesoscutum with micro-reticulate sculpture................. P. longulus (Zetterstedt)

–	 Costula reaching anterior 2/5 of median carina; mesoscutum with reticulate.
................................................................................... P. flavipes (Ashmead)

6	 Gaster of female 1.4–1.8 times as long as broad, usually shorter than meso-
soma........................................................................................................7

–	 Gaster of female twice as long as broad, longer than mesosoma...................8
7	 Hind tarsus of female with all segments from pale testaceous to fuscous, never 

white; inner face of mid-coxa with some setae................ P. soemius (Walker)
–	 Hind tarsus of female with one to three basal segments whitish; inner face of 

mid-coxa without setae................................................. P. agraules (Walker)
8	 Legs of female with femora and tibiae predominantly pale yellow, only slight-

ly fuscous; in male the dark coloration is more extensive; mesosoma green; 
wings hyaline...............................................................P. phragmitis (Erdös)

–	 Legs of female reddish-testaceous, blackish, or often a combination of the 
two colors, never pale yellow; mesosoma bronze-green or blue-green to al-
most black; fore wing of female usually with yellowish or greyish tinge...........
...................................................................................... P. pectinicornis (L.)

Pnigalio eriocraniae Li & Yang, sp. n.
http://zoobank.org/22A447DD-FD41-47E4-AAA1-245E6DB6C4A4
Figures 1–17

Etymology. The specific name is derived from the host’s generic name Eriocrania.
Type material. Holotype, ♀, (GSFPM), Ganchonggou, Huzhu County, Qinghai 

Province, leg. Tao Li, 31 May 2011, collected using intercept traps. Paratypes (101♀♀ 
60♂♂): (GSFPM, 36♀♀ 12♂♂ are deposited in CAF): 32♀♀ 2♂♂, same data as 
holotype; 1♀ 4♂♂, same but 10 May 2011; 13♀♀ 15♂♂, same, 30 May 2011; 9♀♀ 
5♂♂, same, 1 June 2011; 5♀♀ 9♂♂, same, 2 June 2011; 5♀♀ 3♂♂ (reared from 
larva of Eriocrania semipurpurella alpina Xu), same, 27 June 2011; 11♀♀ 6♂♂ (reared), 
same, 28 June 2011; 7♀♀ 4♂♂(reared), same, 29 June 2011; 18♀♀ 12♂♂ (reared), 
same, 30 June 2011.

Diagnosis. Body (Fig. 1) green to blue-green with purple metallic tinge. Antenna 
(Fig. 5) dark brown. Scape same color as body. Posterior margin of mesoscutum 
with one pair of bristles (Fig. 6, arrows). Propodeal disc smooth; costulae absent 
(Fig.  6) or if present, then weak and not reaching median carina (Fig. 9, arrow). 
Fore wing (Fig. 11) length 2.7 × width; costal cell length 10.0 × width. Hind coxa 
(Fig. 7) coarse reticulate dorsally; hind femur, tibia (apical portion brown), yellow to 
yellowish white.

Description. Female, holotype (Fig. 1). Length of body of females 3.1–3.4 mm. 
and of fore wing 2.8–3.0 mm. Body green to blue-green with purple metallic tinge. 
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Vertex golden-green. Antenna (Fig. 5) dark brown. Mandible brown. Maxillary and 
labial palpi, tegula, fore leg (coxa same color as body, tarsi and claw pale brown), mid 
leg (coxa same color as body, tarsus 4 brown), hind leg (coxa same color as body, api-
cal portion of tibia and tarsi 3–4 brown) yellow to yellowish white. Wing membrane 
hyaline, venation and pilosity brown.

Head. In dorsal view, width 2.8 × length. Ocellar triangle convex, micro-reticulate, 
smooth with long brown setae. Ocelli medium-sized, and lateral areas of ocellar trian-
gle concave. POL 1.7 × OOL, OOL 1.6 × OD. Area between eyes and ocellar triangle 
smooth. Head (Fig. 3) in anterior view width 1.4 × height. Eye oval, with dense micro-
trichia; length 1.3 × width. Malar space 0.5 × length of eye, malar sulcus straight and 
obvious. Face (Fig. 3) smooth, micro-reticulate texture, with sparse long white setae; 
Median portion of lower face with fine transverse wrinkles. Lower margin of toruli 
located above ventral line of eyes (Fig. 3). Distance between toruli 0.9 × diameter of 
toruli, 0.7 × distance between socket and eye. Antenna (Fig. 5) with 4 funiculars and 
2 clavomeres. Scape length 3.8 × its width, reaching median ocellus, 3.3 × as long as 
pedicel. Pedicel length 1.4 × its width. Funicle 1 length 2.8 × as long as pedicel. Ratio 

Figure 1. Pnigalio eriocraniae Li & Yang, sp. n., female, holotype, habitus lateral.
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of length of funicles 1.6:1.4:1.3:1.0, and ratio of width 1.0:1.1:1.1:1.1. Clavomere 1 
length 1.3 × as long as segment 2.

Mesosoma (Figs 6–7). Width about 1.2 × as long as head. Mesosoma reticulate, 
length 1.4 × width. Pronotum length 0.3 × as long as mesoscutum, width 0.7 × mesos-
cutum. Mesoscutum (Fig. 6) slightly convex, length 0.7 × its width, with dense white 
setae; anterior half of notaulus obvious; median and apical portions of mesoscutum 
reticulate, setae relatively sparse; posterior margin with one pair of stout bristles (Fig. 
6, arrows). Axilla elongate, micro-reticulate. Mesoscutellum (Fig. 6) nearly circular, 
sublaterally more coarsely reticulate than apical and median portions; laterally micro-
reticulate; with two pairs of bristles. Dorsellum narrow, median length 0.6 × as long as 
propodeum length. Propodeal disc (Figs 6, 9) smooth; width of median area 1.6 × its 
length; costula incomplete (Fig. 9, arrow); spiracles nearly circular, posterior to hind 
margin of metanotum; callus densely setose. Fore wing (Fig. 11) length 2.7 × width; 
costal cell length 10.0 × width; area of speculum mostly bare posterior to parastigma; 
marginal vein length 1.3 × length of submarginal vein, 1.8 × length of postmarginal 
vein; postmarginal vein length 2.1 × length of stigma. Lateral and ventral panel of 
pronotum and prepectus with coarse reticulate sculpture; mesepisternum (Fig. 7) im-
bricate anteriorly; subalar area and upper mesepimeron smooth. Dorsal area of hind 
coxa (Fig. 7) reticulate; basitarsus (Fig. 8) length 0.8 × as long as tarsus 2.

Figure 2. Pnigalio eriocraniae Li & Yang, sp. n., male, paratype, habitus lateral.
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Metasoma (Fig. 10). Elongate-ovate in dorsal view; length about equal to head plus 
mesosoma, 2.0 × width of metasoma. Tergite 1 smooth; lateral area of tergite 2 with 
sparse white setae; sub-lateral portion of tergite 3 with sparse white setae; tergites 4–7 
with dense setae; ratio of length of tergites 7.0:2.5:3.0:3.5:4.0:2.0. Ovipositor sheath 
slightly longer than apex of metasoma.

Male (Figs 2, 17). Length of body 2.1–2.6 mm, and of fore wing 2.1–2.3 mm. 
Similar to female except as follows: Antennal (Fig. 4) flagellum dark brown; fore leg 
with coxa same color as body, basal half of femur brown with purple metallic tinge, 
apical tarsomere brown; mid leg with coxa same color as body, most of femur brown 
with purple metallic tinge, tarsus 4 brown); hind leg with coxa, most of femur same 
color as body, trochanters, apical half of tibia, tarsus 4 brown to fuscous, apex of femur 
and basal half of tibia yellowish brown; apex of tergite 1, tergite 2 and basal half of 

Figures 3–10. Pnigalio eriocraniae Li & Yang, sp. n., female (3, 5–10) male (4). 3 Head, anterior view 4 
Antennal flagellum 5 Antenna 6 Mesosoma, dorsal view (bristle, arrow) 7 Mesosoma, lateral view 8 Hind 
tarsi 9 Propodeum (costula, arrow) 10 Metasoma, dorsal view.
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tergite 3 yellowish white to yellowish brown. Scape length 3.2 × width, 4.7 × length 
of pedicel; pedicle nearly circular; ratio of length of funiculars (Fig. 4) 1.0:1.6:1.6:3.1; 
funiculars 1–3 pectinate, projections with long setae. Dorsellum smooth, micro-retic-
ulate. Costula absent.

Variation. The variation of specimens is mainly focus on the body color, size, and 
costulae absent or present. The body color green with metallic tinge (26♀♀ 13♂♂) to 
blue-green with purple metallic tinge (76♀♀ 47♂♂); tarsi 1–3 of fore leg yellowish 
(72♀♀, others pale brown); apical portion of mid tibia brown (68♀♀); costula weak 
(79♀♀, Fig. 9) or absent (23♀♀ 60♂♂, Fig. 6). Costulae of male absent.

Biology. Parasitoid eggs were deposited on the surface of the host’s cuticle 
(Fig. 12). It is a larval ectoparasitoid (Fig. 13) of the third to fourth instar larvae of 
E. s. alpina Xu (Lepidoptera, Eriocraniidae) which forms leaf mines on birch trees, 
Betula platyphylla Suk., B. albo-sinensis Burkill and B. utilis D. Don (Betulaceae) in 
Qinghai Province.

The prepupa (Fig. 14) is motionless, fusiform and with distinct lateral protuber-
ances along the abdominal segments, length of body about 0.6–0.7 mm. The pupa is 
initially white to white brown (Fig. 15) and then begins to darken to brown or black 
(Fig. 16), with length 0.4–0.5 mm.

Distribution. Northwestern China (Qinghai Province)
Remarks. The new species is similar to Pnigalio maijishanensis Yang & Yao but 

can be distinguished from the latter by the following combination of characters: scape 
blue-green with purple metallic tinge; propodeal disc laterally smooth; hind coxa with 
coarse reticulate sculpture dorsally; hind femur, tibia (apical portion brown), yellow to 
yellowish white. In addition, the shape of the costulae and the stout bristle are different 
as indicated in the key.

Figure 11. Pnigalio eriocraniae Li & Yang, sp. n., female, holotype, wings.
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