
The first representatives of the millipede family 
Glomeridellidae (Diplopoda, Glomerida) recorded 

from China and Indochina

Weixin Liu1, Sergei Golovatch2

1 Department of Entomology, College of Agriculture, South China Agricultural University, 483 Wushanlu, 
Guangzhou 510642, China 2 Institute for Problems of Ecology and Evolution, Russian Academy of Sciences, 
Leninsky pr. 33, Moscow 119071, Russia

Corresponding author: Weixin Liu (da2000wei@163.com)

Academic editor: Pavel Stoev    |    Received 25 May 2020    |    Accepted 15 June 2020    |    Published 29 July 2020

http://zoobank.org/3879B114-B403-4407-B7B0-ED5B8B826CC6

Citation: Liu W, Golovatch S (2020) The first representatives of the millipede family Glomeridellidae (Diplopoda, 
Glomerida) recorded from China and Indochina. ZooKeys 954: 1–15. https://doi.org/10.3897/zookeys.954.54694

Abstract
A new species of glomeridellid millipede is described from Guizhou Province, southern China: Tonkino-
meris huzhengkuni sp. nov. This new epigean species differs very clearly in many structural details, being 
sufficiently distinct morphologically and disjunct geographically from T. napoensis Nguyen, Sierwald & 
Marek, 2019, the type and sole species of Tonkinomeris Nguyen, Sierwald & Marek, 2019, which was 
described recently from northern Vietnam. The genus Tonkinomeris is formally relegated from Glomeri-
dae and assigned to the family Glomeridellidae, which has hitherto been considered strictly Euro-Medi-
terranean in distribution and is thus new to the diplopod faunas of China and Indochina. Tonkinomeris 
is re-diagnosed and shown to have perhaps the basalmost position in the family Glomeridellidae. Its 
relationships are discussed, both morphological and zoogeographical, within and outside the Glomeri-
dellidae, which can now be considered as relict and basically Oriental in origin. Because of the still highly 
limited array of DNA-barcoding sequences of the COI mitochondrial gene available in the GenBank, 
the first molecular phylogenetic analysis of Glomerida attempted here shows our phylogram to be too 
deficient to consider meaningful.
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Introduction

The chiefly Holarctic millipede order Glomerida (Shelley and Golovatch 2011) is cur-
rently known to comprise only three families: Glomeridellidae Cook, 1896, Proto-
glomeridae Brölemann, 1913, and Glomeridae Leach, 1815 (Enghoff et al. 2015). 
The family Glomeridellidae presently contains only two accepted genera: Glomeridella 
Brölemann, 1913, with seven or eight species from Spain, France, the eastern Alps, and 
the northwestern Balkans, and Typhloglomeris Verhoeff, 1898 (= Albanoglomus Attems, 
1926, synonymized by Golovatch (2003)), with ca 15 species, many troglobionts, 
from the Balkans, Caucasus, and Near East. The family has hitherto been considered 
strictly Euro-Mediterranean (Enghoff et al. 2015). The ranges of both Glomeridella 
and Typhloglomeris overlap only marginally in the northern Dinaric Mountains, Bal-
kans. Makarov et al. (2003) delimited several species groups within Typhloglomeris and, 
based on morphological evidence alone, outlined the main trends of their evolution, 
both morphological and ecological (= shifts to geo- or cavernicoly).

Continental China, unlike the Nearctic + Southeast Asia + Taiwan which contain 
several genera of Glomeridae (11) and Protoglomeridae (1) (Enghoff et al. 2015; Nguy-
en et al. 2019), has heretofore been known to support only numerous (32) species of 
a single genus, Hyleoglomeris Verhoeff, 1910, family Glomeridae (Golovatch and Liu 
2020). This genus presently contains 100+ species ranging from the Balkans in the west, 
through Greece, Anatolia, Caucasus, and Central Asia, to Korea, Japan, and Taiwan in 
the east and to Indochina, Indonesia (Sumatra, Java, Borneo, and Sulawesi) and the Phil-
ippines in the southeast (Golovatch et al. 2006; Enghoff et al. 2015; Nguyen et al. 2019). 
One species has recently been described from Eocene Baltic amber (Wesener 2019).

All the more interesting is the discovery of a new species of Tonkinomeris in south-
ern China. Moreover, this genus appears to actually belong to the family Glomeridelli-
dae, being formally transferred therein from Glomeridae where it was originally placed. 
This represents the first formal records of glomeridellids not only in China, but also 
in entire Asia east of Hyrcania (the Republic of Azerbaijan and northeastern Iran near 
the Caspian Sea coast). The present paper is devoted to a description of our new spe-
cies and to a discussion of its morphological, molecular and zoogeographical affinities.

Material and methods

Morphological analysis

The underlying material was taken from leaf litter in a protected forest patch and 
preserved in 95% ethanol. The types are deposited in the Zoological Collection of 
the South China Agricultural University (SCAU), Guangzhou, Guangdong Province, 
China. A detailed examination of characters and dissections were performed using 
a Leica S8 APO stereomicroscope. Line drawings were prepared with a Zeiss Axi-
oskop40 microscope with an attached camera lucida. Photographs of specimens were 
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taken with a Keyence VHX-5000 digital microscope and edited using Adobe Photo-
shop CS6. The terminology used here largely follows that of Golovatch and Turbanov 
(2018), with only a few modifications.

DNA extraction and sequencing

Genomic DNA was extracted from legs and thoracic tissue of the paratype with Qiagen 
DNeasy Blood and Tissue kit following the manufacturer’s extraction protocol. Frag-
ments of the COI gene were amplified using the degenerate primer pair HCO2198-JJ 
(AWACTTCVGGRTGVCCAAARAATCA) / LCO1490-JJ (CHACWAAYCATAAA-
GATATYGG) (Astrin and Stüben 2008). The PCR amplification was performed using 
a T100™ thermal cycler (BIO-RAD) with a final reaction volume of 25 μL. In addition 
to the new nucleotide sequence in this study, MT522013, 34 Glomerida and nine non-
Glomerida sequences (consisting of four Sphaerotheriida, three Polyxenida and two Poly-
desmida species) as outgroups were downloaded from the GenBank. All analysed species, 
Genbank accession numbers and voucher numbers/taxonomy ID were listed in Figure 5.

Phylogenetic analyses

The sequences were aligned using Clustal W and edited in Bioedit (Hall 1999). The 
final aligned dataset included 44 COI sequences with 656 positions. Bayesian Infer-
ence (BI) analysis was implemented through the on-line CIPRES Science Gateway 
V.3.3 (Miller et al. 2010). The BI analysis was performed by MrBayes 3.2.6 using the 
Markov chain Monte Carlo technique (MCMC) (Ronquist et al. 2012). The numbers 
of generations used amounted to 5,000,000 in the parameters for MCMC. The type 
of a consensus tree was chosen for all compatible groups. Maximum likelihood (ML) 
analysis was conducted using IQ-TREE web server (Trifinopoulos et al. 2016) with 
1,000 bootstrap replications and under the GTR+G+I model (Pende et al. 2014).

Taxonomy

Considering the new species described below, the following amended diagnosis of 
Tonkinomeris can be proposed.

Order Glomerida Leach, 1814
Family Glomeridellidae Cook, 1896

Genus Tonkinomeris Nguyen, Sierwald & Marek, 2019

Type species. Tonkinomeris napoensis Nguyen, Sierwald & Marek, 2019, from north-
ern Vietnam, by original designation (Nguyen et al. 2019).

Other species included: T. huzhengkuni sp. nov., southern China.
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New diagnosis. A genus of Glomeridellidae with the caudal margins of several 
♂ tergites sometimes modified into small lobes drawn posteriad into small lobes; the 
caudal margin of the ♂ pygidium is clearly emarginate centrally; the anterior telopods 
are flattened sagittally, somewhat incrassate, with evident mesal outgrowths on either 
T3 alone or both T2 and T3; posterior telopods with a trichotele (sometimes rudi-
mentary) on T1, each of T2 and T3 with a caudal process and both forming a rather 
indistinct apical pincer.

Tonkinomeris huzhengkuni sp. nov.
http://zoobank.org/41BF7A61-D9E7-4B81-9685-4D5AB8B7C071
Figures 1–3

Type material. Holotype: ♂ (SCAU TY01), China, Guizhou Province, Tongren City, 
Jiangkou County, Baishuidong Scenic Area, 27.652873N, 108.795223E, 450 m a.s.l., 
25.XI.2019, Zhengkun Hu leg. Paratype: 1 ♀ (SCAU TY02), same data as for holotype.

Name. Honours Mr Huzhengkun, the collector and a millipede fan. A noun in 
genitive case.

Diagnosis. Differs from T. napoensis Nguyen, Sierwald & Marek, 2019, the sole 
other species of the genus (Nguyen et al. 2019), by the larger body size (> 11 mm 
vs 9.6 mm), the more numerous ommatidia (at least 6+1 vs 5+1), the glabrous, but 
caudomedially produced posterior margins of ♂ tergites 8–11 (vs unmodified in both 
sexes), the vivid, peculiar, sexually dimorphic colour pattern (vs even more vivid, but 
the same in both sexes), and some structural details of the telopods: the much higher 
central lobe and the much shorter horns of ♂ syncoxite 19 (vs the opposite), the shape 
and armament of both telopod pairs, the less strongly reduced, 4-segmented ♂ telopo-
dites 17 (vs 2-segmented), etc. (see Discussion below).

Description. Body length of holotype ♂ ca 12.5 mm, width of thoracic shield 
ca 8.0 mm (broadest), height of thoracic shield ca 4.2 mm (highest). Body length 
of paratype ♀, 11.2 mm, width of thoracic shield ca 7.1 mm (broadest), height of 
thoracic shield ca 4.0 mm (highest). Coloration (Fig. 1): body rather uniformly 
blackish, but with slightly yellowish edges. Dorsal pattern marbled yellow-brown-
ish: collum with a small, rounded, central spot anteriorly and a paramedian pair 
of larger, transversely ovoid, lateral spots (Fig. 1D); thoracic shield and tergites 
3–11 each with a similar, but much larger pair of lateral spots and a yellowish, 
but slightly purplish, median, narrow, axial stripe. Anal shield (= pygidium) of ♂ 
without stripe (Figs 1F, 2D), but ♀ with a distinct, yellowish, median, triangular 
spot near caudal margin (Fig. 1C). Head largely dark brown, only labrum and 
Tömösváry’s organ lighter, grey-yellowish. Antennomeres 3–6 brownish, slightly 
purplish, remaining antennomeres light yellow-brown. Venter and podomeres 1 
and 2 entirely light grey-yellowish, remaining podomeres dark brown, slightly pur-
plish (Fig. 1B, D).
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Head: mandibles (Fig. 3B, C) equal in both sexes, each with a large external tooth 
and a smaller internal tooth, the latter with four cusps. Molar plate with a long membra-
nous fringe and a groove. At least seven rows of pectinate lamellae and a scaly intermedi-
ate area. Gnathochilarium (Fig. 3A) equal in both sexes, unmodified, typical of Glom-
erida. Left and right eyes asymmetrical, with 9+1/10+1 (♂) (Fig. 2A) or 8+1/6+1 (♀) 
(Fig. 1B) ommatidia. Tömösváry’s organ transversely oval, ca 1.6 times wider than long 
(Fig. 2A). Lengths of antennomeres: 6>>3>4=5>1=2>7 (Fig. 1B, D). Antennomere 6 ca 
2.6 times as long as high. Antennomere 8 with four small, apical, sensory cones.

Figure 1. Habitus of Tonkinomeris huzhengkuni sp. nov. A Live coloration of ♂ holotype B, C body of 
♀ paratype, ventral and dorsal views, respectively D–F body of ♂ holotype, ventral, lateral and dorsal 
views, respectively.
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Collum with two complete transverse striae (Fig. 1D). Thoracic shield with a narrow 
hyposchism extending past caudal tergal margin; about 12 or 13 superficial transverse 
striae laterally and dorsolaterally, but five or six confusedly arranged and incomplete. 
One or two starting below, one in front of schism, all others above schism, with three 
crossing the dorsum; mid-dorsal region with five additional, incomplete, broken, con-
fused, mostly short striolae behind last regular stria (Fig. 1E). Tergites: surface smooth 
and shining, only paratergites with three or four short, incomplete, and superficial 
striae (Fig. 1E). Tergite 9 in ♂ drawn posteriad into a small, triangular, glabrous (non-
dentate), median lobe (Fig. 2D), this being very week also in tergites 8, 10, and 11. 
Pygidium in both sexes uneven medially at caudal margin; in ♂ clearly impressed and 
concave centro-dorsally and with two very small, paramedian, flattened and rounded 
knobs (Figs 1D–F, 2D), in ♀ only slightly flattened dorsocaudally (Fig. 1C).

Legs long and slender. All podomeres densely setose, setae mostly being short. 
Coxae 1–16 each with a short, well-rounded, spinigerous, apico-mesal projection, this 
being especially evident in coxae 1 and 2 (Fig. 2B, C). Coxae 4–21 each with a similar 
apico-lateral process. Tarsi 1–16 each with two irregular transverse rows of 7–8+7–8 
dorsal spines and 9–12+9–12 ventral spines (Fig. 2B, C, E). Femur 9, 2.4 times, tarsus 
6.5 times longer than wide (Fig. 2E).

Figure 2. Tonkinomeris huzhengkuni sp. nov., ♂ holotype. A Right side of head B left leg 1 C right leg 
2 with gonopore D posterior part of body, dorsal view e left leg 9. Abbreviations: cx: coxa, f: femur, go: 
gonopore, O: ommatidia, ta: tarsus, To: Tömösváry’s organ, 8–11 refer to tergite numbers.
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Male sexual characters: gonopore small, oval, with a few short setae around (Fig. 
2C). Legs 17 (Fig. 4A) strongly reduced, very densely micropilose throughout. Coxae 
membranous, contiguous, but clearly separated medially. Each coxa with a very large, 
rather regularly rounded, outer lobe and a small, rounded, distomedial, setigerous fin-
ger. Telopodite 4-segmented, telopoditomere 2 largest, subrectangular, about twice as 
long as telopoditomere 1 or telopoditomeres 3 and 4 combined. Anterior telopods 
(Fig. 4B, C) also very densely micropilose throughout. Syncoxite (= ?coxosternum) 
membranous, on either side with a small rounded lobule at base of telopoditomere 1. 
Telopodite 4-segmented, with a spine apically. Telopoditomere 1 subrectangular, 1.2 
times longer than wide. Telopoditomere 2 largest, a little swollen ventro-parabasally, 
its apico-mesal tooth on caudal face bulged at base, sharp apically and extending to 
basal 1/4 telopoditomere 3. The latter subtrapezoid, its apico-mesal tooth on cau-

Figure 3. Tonkinomeris huzhengkuni sp. nov., ♀ paratype. A Gnathochilarium, ventral view, in situ 
B, C left mandible, mesal and subfrontal views, respectively D coxae 2 with vulvae. Abbreviations: ca: 
cardines of gnathochilarium, et: external tooth, gu: gula, iA: intermediate area, ip: inner palpus, it: inner 
tooth, ll: lamellae linguales, lp: lateral palpus, m: mentum, md: basal joint of mandible, mf: membranous 
fringe, mg: molar groove, mp: molar plate, pl: pectinate lamellae, st: stipites, vu: vulvae.
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dal face small, rounded, projecting above base of a subcylindrical telopoditomere 4. 
Posterior telopods (Fig. 4D–G) particularly strongly incrassate, likewise very densely 
micropilose throughout. A large, high, thick, and roundish syncoxite placed on a large 
membranous sternite, with a high, roundish, median lobe closely flanked by two in-

Figure 4. Tonkinomeris huzhengkuni sp. nov., ♂ holotype. A Left leg17, oral view B right anterior telo-
pod, oral view C right anterior telopod, caudal view D–F left posterior telopod, oral, mesal and caudal 
views, respectively G tip of syncoxital horn, caudal view. Abbreviations: cx: coxa, st: sternite, sx: syncoxite, 
t1–t4: telopoditomeres 1–4. Scale bars: 0.5 mm (A–C, left); 0.5 mm (D–G, right).
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conspicuous, short, spiniform, obliquely truncate, setose horns (Fig. 3G), each lat-
ter being much shorter than syncoxital lobe. Telopodite 4-segmented, with a spine 
apically. Telopoditomere 1 squarish, with a very small distomesal, setigerous cone 
(a strongly reduced trichostele). Telopoditomere 2 with a prominent, finger-shaped, 
distomesal process on caudal face, produced apically to ca 1/3 telopoditomere 3. The 
latter elongate, gently tapering distad and curved apically basad towards process on 
telopoditomere 2, with another, much smaller, caudad curved, caudolateral process. 
Telopoditomere 4 smallest, subcylindrical, erect, clearly shifted anteriad, subtended by 
and reaching the distal end of telopoditomere 3.

Vulva (Fig. 3D) densely setose, large, covering 1/2 coxa 2.

Comparative morphology and systematics

Originally, Tonkinomeris was described in the family Glomeridae Leach, 1815, ten-
tatively assigned to the subfamily Haploglomerinae Mauriès, 1971, and compared to 
the genus Peplomeris Silvestri, 1917, with two species from northern Vietnam (Golo-
vatch 1983; Nguyen et al. 2019). Both Tonkinomeris napoensis and T. huzhengkuni sp. 
nov. are very similar and are also sufficiently close geographically. They can easily be 
distinguished by a good number of morphological characters: both show vivid colour 
patterns (apparently, because both are epigean and fairly large), the caudal margin 
of the ♂ pygidium is clearly emarginate centrally (yet with no evident paramedian 
tubercles), T3 is somewhat incrassate and sagittally flattened, the anterior telopod (♂ 
leg 18) is supplied with a blunt apico-mesal tooth, there is an elongate, subcylindri-
cal, and suberect posterior telopod (♂ leg 19) which features T1 with a mesal tri-
chostele, each of T2 and T3 have a distinct distocaudal process, etc. Furthermore, the 
telopodites of the posterior telopods are not only 4-segmented and supplied mesally 
with a trichostele on T1, but they also show a small caudal process on T3 in addition 
to a stronger caudal process on T2; thus, T3 is well developed, fully functional, and 
its apical part forms a kind of underdeveloped pincer together with T2. All this allows 
us to relegate Tonkinomeris from Glomeridae to the family Glomeridellidae. Moreo-
ver, as the apical pincer on the posterior telopod seems to be a little better developed 
in T. huzhengkuni sp. nov. than in T. napoensis, this pincer in the remaining Glomeri-
dellidae may be considered as being clearly apomorphous. This contradicts the views 
of Oeyen and Wesener (2015) to regard the Glomeridellidae as the basal family of 
the order Glomerida, better agreeing instead with their later cladistic analysis (Oeyen 
and Wesener 2018).

In addition, like most species of Typhloglomeris, the caudal margins of a few ♂ 
tergites in front of the pygidium in Tonkinomeris huzhengkuni sp. nov. are modified, 
each drawn medially posteriad into a small, albeit glabrous, lobe (thus, clearly apo-
morphous), vs remaining simple and unmodified (plesiomorphous) in T. napoensis. In 
contrast, the particularly strongly reduced, 2- or 3-segmented ♂ telopodites 17 in T. 
napoensis definitely represent an apomorphous condition compared to the usual, 4-seg-
mented ♂ telopodites 17 observed in T. huzhengkuni sp. nov. and most other Glom-
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erida. The presence of a sharp caudomesal tooth also on T2 of the anterior telopod, vs 
its absence from T. napoensis, is difficult to polarize in terms or apo- or plesiomorphy. 
However, the particularly strongly developed central syncoxital lobe and the especially 
small syncoxital horns, as well as the rudimentary trichostele on T1 of the posterior 
telopods, all observed in T. huzhengkuni sp. nov. as opposed to their more usual states 
in T. napoensis, seem to be apomorphous. Therefore, each of the species combines 
both apo- and plesiomorphies in a number of traits. Most of the characters seem to be 
more advanced (apomorphous) in T. huzhengkuni sp. nov. compared to T. napoensis, 
but a few others vice versa (e.g., the more strongly reduced ♂ legs 17). What appears 
evident in any case is, that overall Tonkinomeris seems to represent the most primitive, 
perhaps even the basalmost genus of Glomeridellidae. This is primarily because both 
T. napoensis and T. huzhengkuni sp. nov. still show very modest modifications of the ♂ 
tergites and pygidium, while their posterior telopods feature a trichostele on T1 and 
yet underdeveloped apical pincers formed by T2 and T3.

Glomeridae, in contrast to Glomeridellidae, are distinct in the posterior telopods 
(♂ legs 19) typically being stouter, clearly curved mesad, by themselves forming a strong 
pincer, some telopoditomeres before last one showing a mesal trichostele or its vestige, 
while each telopodite is devoid of clear-cut apical pincers. The Protoglomeridae seems 
to be a polyphyletic group (Oeyen and Wesener 2015), only superficially being similar 
to Glomeridae; sometimes their tergite 11 is fused to the pygidium (still retaining a 
suture), while the posterior telopods are even stouter, devoid of trichosteles, both T2 
and T4 form a distinct pincer by themselves (T3 being strongly developed), while each 
telopodite is with an additional apical pincer due to T2 and T4 (e.g., Mauriès 1971). 
Among the Glomeridellidae, however, the posterior telopods are usually contrasting 
elongate, slender, suberect, each telopodite forming a more or less distinct pincer due to 
modified T2 and T4 or T2 and T3 (Attems 1926; Mauriès 1971; Enghoff et al. 2015). 
Within Typhloglomeris, the genus deemed both morphologically and geographically 
closest to Tonkinomeris, the pincers on the posterior telopods in most species are formed 
by T2 and T3=4, when the real T3 is completely suppressed, or by T2 and T4, when 
T3 is strongly reduced to a short, rudimentary, non-functional, but still visible, albeit 
sometimes incomplete, ring. In contrast, the pincers in Tonkinomeris tend to be some-
what underdeveloped and peculiar in showing a small caudal process on T3 in addition 
to a stronger caudal process on T2, with T3 being fully developed and functional. This 
definitely represents a plesiomorphy, perhaps even the basalmost state whence a gradual 
reduction of both T3 and a trichostele on T1 is traced within some more advanced 
Glomeridellidae like Typhloglomeris and Glomeridella (cf. Attems 1926; Mauriès 1971).

Phylogeny

The phylogeny of Glomerida as recently recovered by Oeyen and Wesener (2018), 
based on morphological evidence alone, shows that both Glomeridella and Typhlo-
glomeris cluster together with some Protoglomeridae and thus form no clear-cut family 
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Figure 5. A consensus tree produced from BI analysis. Numbers on branches are estimates of the Bayes-
ian posterior probability of a clade, expressed as percentage.
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Glomeridellidae. Moreover, the joint Protoglomeridae + Glomeridellidae clade is not 
too basal on the tree and, thus, better agrees with our views that the Glomeridellidae is 
best considered as one of the relatively advanced groups of Glomerida.

The molecular sequences available in the GenBank and used in our phylogenetic 
analysis, which is apparently the first to be attempted for the entire order Glomeri-
da, have allowed for two phylograms to be obtained. Since both BI and ML trees are 
similar and neither is congruent with the morphology-based phylogeny recovered 
by Oeyen and Wesener (2018), we present here only the BI tree (Fig. 5). Because 
the only genetic data available for Glomeridellidae in the GenBank are for a species 
of Glomeridella, and there is nothing yet for any Typhloglomeris sp., Tonkinomeris 
appears to cluster together with or close to two closer unidentified members of 
Glomeridae, one of which seems to be a Hyleoglomeris sp. (Wesener pers. comm.). 
Thus, there is no hint of a Glomeridellidae cluster. Instead, the whole tree (Fig. 5) 
is a rather random mixture of mostly genera and species of Glomeridae. This seems 
to indicate that any molecular analysis is bound to be too deficient and premature 
at this stage. It would seem especially interesting to compare Tonkinomeris to some 
other representatives of Glomeridellidae, especially the morphologically and geo-
graphically closest Typhloglomeris spp.

Key to genera of Glomeridellidae

The following key to the accepted genera of Glomeridellidae can be offered:

1 Penultimate (11th) tergite just in front of pygidium strongly reduced, visible 
only laterally as thin ribbons. Caudal margins both of tergites and pygidium 
regularly rounded caudally, unmodified. Tergites densely and finely pubes-
cent. Anterior telopods strongly elongate, subcylindrical, T2 and T4 forming 
a pincer, T3 being small. Syncoxital lobe of 3-segmented posterior telopod 
telopodites very simple and low, a trichostele on T1 absent, both T2 and 
T3=4 forming a pincer (apparently, true T3 being totally reduced). Western 
Europe east to northwestern Balkans ........................................Glomeridella

– No tergites reduced. Caudal margin of tergites and pygidium either unmodi-
fied and regularly rounded or (in ♂ only) modified. Tergites bare. Anterior 
telopods relatively stout, mostly flattened sagittally, each forming no apical 
pincer. Syncoxital lobe of posterior telopods higher and variously shaped, 
telopodites 3- (more rarely) or 4-segmented, usually elongate, slender, su-
berect and each forming a more or less distinct apical pincer ......................2

2 Caudal margin of some tergites and pygidium usually modified, several ter-
gites before ♂ pygidium largely crenulate, ♂ pygidium with a paramedian 
pair of distinct knobs at a centrally emarginate or nearly straight caudal 
edge. Anterior telopods often flattened sagittally, sometimes also inflated, 
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but usually devoid of mesal outgrowths. Posterior telopods devoid of tri-
choteles and each forming a distinct apical pincer (either T2 and T4, when 
T3 rudimentary, or T2 and T3=4, when true T3 fully suppressed). Eastern 
Mediterranean ......................................................................Typhloglomeris

– Caudal margin of some tergites and/or pygidium modified, several tergites 
before ♂ pygidium glabrous, not crenulate, but sometimes drawn caudad 
into small central lobes, while ♂ pygidium with a centrally emarginate caudal 
margin and only sometimes with a paramedian pair of indistinct knobs at rear 
edge. Anterior telopods flattened sagittally, with evident mesal outgrowths. 
Posterior telopods with both a trichostele retained on T1 and an indistinct 
apical pincer (T2 and T3). Southern China and northern Vietnam ..............
 ...............................................................................................Tonkinomeris

Zoogeography

Finding a glomeridellid genus in southern China and northern Vietnam is indeed 
remarkable, as the geographically closest record belongs to Typhloglomeris martensi 
(Golovatch, 1981), from Hyrcania, southwesternmost Caspian Sea coast within both 
the Republic of Azerbaijan and northwestern Iran (Golovatch 1981). As the huge gap 
between Hyrcania and Guizhou Province definitely reflects traces of former extinctions 
and dispersal events, this allows for the entire family Glomeridellidae to be considered 
both relict and of Oriental stock. Because on balance Tonkinomeris seems to be the 
most primitive among the glomeridellid genera, this also allows us to suggest some an-
cient, generally northwestward dispersal events from the Oriental realm to the Medi-
terranean area via southern China. Interestingly, in certain respects the relatively more 
advanced T. huzhengkuni sp. nov. looks like the remain of a stepping-stone in Guizhou 
Province, China; this is also quite far west of the overall more primitive T. napoensis 
from Vietnam, near the family’s presumed Oriental roots.

The above picture not only so considerably extends the known distribution area of 
Glomeridellidae to the east, but it also demonstrates the extent to which the millipede 
fauna of China is still understudied, as well as the possible roles that the Sino-Him-
alayan (= southern Chinese) and/or Oriental faunogenetic centres could have played 
in the origins of the Euro-Mediterranean diplopod fauna (Golovatch and Martens 
2018; Golovatch and Liu 2020). Such a distribution pattern strongly resembles that 
of Hyleoglomeris, one of the largest, diverse, and widespread genera of Glomeridae and 
Glomerida (see above).

More information is necessary, especially phylogenetic reconstructions, in order 
to assess the remarkable disjunction of the Glomeridellidae and both its biological 
and spatial evolution. Further conclusions must be deferred until more evidence, both 
morphological and molecular, becomes available. New Glomerida are still being ac-
tively found and described from various places in Asia!
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Abstract
Species of the spider family Hypochilidae Marx, 1888 from China are studied, including two known spe-
cies and two new species of the genus Ectatosticta Simon, 1892. The new species are E. wukong sp. nov. 
(♂♀) from Sichuan and E. xuanzang sp. nov. (♀) from Tibet.

Keywords
diagnosis, etymology, taxonomy, type, webs

Introduction

Hypochilidae Marx, 1888 is a small family that includes two genera: Hypochilus Marx, 
1888 and Ectatosticta Simon, 1892. Hypochilus is endemic to the USA and includes 
ten species, whereas Ectatosticta is endemic to China and until now only included two 
species: E. davidi (Simon, 1889) from Shaanxi and E. deltshevi Platnick & Jäger, 2009 
from Qinghai (WSC 2020, Li 2020).

Hypochilidae was considered the sister group of all other araneomorph spiders 
(Platnick 1977), but Wheeler et al. (2017) confirmed that Hypochilidae is the sister 
group of Filistatidae Simon, 1864. Unlike Hypochilus, Ectatosticta build simple sheet 
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webs between soil blocks, huge rocks or in tree trunks. On one side of the web of 
some species there is a tube-retreat which typically extends into rock crevices, soil or 
between roots.

In this paper, photographs of two known Ectatosticta species are provided, of which 
E. davidi (Simon, 1889) is based on material collected near the type locality and E. delt-
shevi Platnick & Jäger, 2009 is based on the male holotype and females from the same 
locality as the holotype. In addition, two new species of the genus Ectatosticta are de-
scribed: E. wukong sp. nov. (♂♀) from Sichuan and E. xuanzang sp. nov. (♀) from Tibet.

Material and methods

All specimens were preserved in 75% ethanol. Female genitalia were cleared in a trypsin 
enzyme solution to dissolve non-chitinous tissue. Specimens were examined under a 
LEICA M205C stereomicroscope. Photomicroscope images were taken with an Olym-
pus C7070 zoom digital camera (7.1 megapixels). Photos were stacked with Helicon 
Focus 6.7.1 (Khmelik et al. 2006) and processed in Adobe Photoshop CC 2018.

All measurements are in millimeters. Eye sizes are measured as the maximum di-
ameter from either the dorsal or frontal view. Leg measurements are given as follows: 
total length (femur, patella + tibia, metatarsus, tarsus). Distribution maps were gener-
ated using ArcMap software 10.2 (ESRI 2002).

Abbreviations:

ALE anterior lateral eyes
AME anterior median eyes
C conductor
E embolus
IS inner spermathecae

OS outer spermathecae
PLE posterior lateral eyes
PME posterior median eyes
S spermathecae
TS thickened setae

The material studied in the paper is housed in the Institute of Zoology, Chinese 
Academy of Sciences (IZCAS) in Beijing, China.

Taxonomy

Family Hypochilidae Marx, 1888

Genus Ectatosticta Simon, 1892

Type species. Hypochilus davidi Simon, 1889 from China.
Diagnosis. Ectatosticta can be easily distinguished from Hypochilus by the rectan-

gular labium which is almost as long as wide and bears a pair of triangular posterolat-
eral flanges, also by numerous leg spines (Forster et al. 1987) and in the lateral view 
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of the male palp, the cymbium to bulb length ratio is almost 3:1 (Figs 2, 4) but nearly 
1 : 1 in Hypochilus (Forster et al. 1987: figs 38, 43, 48, 53, 58, 63, 68, 73).

Distribution. China.

Key to Ectatosticta males

1 Male palp with fewer than 5 thickened setae, the most dorsal setae are dis-
persed, and the length ratio of the embolus to the embolus base is more 
than 2 : 1 (Fig. 1) .......................................................................................2

– Male palp with 5–7 thickened setae, all closely appressed one another, and the 
length ratio of the embolus to the embolus base is almost 1 : 1 (Fig. 1) .........
 ....................................................................................................... E. davidi

2 Male palp with 4 thickened setae, the dorsalmost setae are dispersed and the 
length ratio of the embolus to the embolus base is almost 2 : 1 (Fig. 1) .........
 .................................................................................................. E. deltshevi

– Male palp with 2 thickened setae, the length ratio of the embolus to the em-
bolus base is almost 3 : 1 (Fig. 1) ....................................E. wukong sp. nov.

Key to Ectatosticta females

1 Two pairs of spermathecae (Fig. 5A, B, D) ..................................................2
– One pair of spermathecae (Fig. 5C) ................................E. wukong sp. nov.
2 The ratio of the length of the inner spermathecae to the outer spermathecae 

is almost 1 : 3 (Fig. 5D) .............................................. E. xuanzang sp. nov.
– The ratio of the length of the inner spermathecae to the outer spermathecae 

is almost 1 : 1 to 1 : 2 (Fig. 5A, B) ..............................................................3
3 Spermathecae weakly sclerotized (Fig. 5A) ..................................... E. davidi
– Spermathecae strongly sclerotized (Fig. 5B) ............................... E. deltshevi

Ectatosticta davidi (Simon, 1889)
Figs 1, 2A, 3A, 4A, 5A, 6F, 8

Hypochilus davidi Simon 1889: 208; Simon 1892: 204, figs 143–146, 148, 149; 
Gertsch 1958: 13, figs 10, 19, 22–31; Lehtinen, 1967: 431, fig. 15; Platnick and 
Jäger 2009: 210, figs 1–4; Zhang and Wang 2017: 311, fig. 4f.

Type material. Syntypes 1♂ 1♀, Muséum national d’Histoire naturelle, Paris, 
label reads “Inkiaphou, Chine méridionale”, which should be on Mt. Qinling in 
Shaanxi Province (see Platnick and Jäger 2009: Yinjiapo or Yinjiapu, now known as 
Yonxingcun in Xi'an City, Huyi District, Laoyu Town, 33.98232N, 108.52079E), 
not examined.

Other material examined. 1♂, China, Shaanxi Province, Chang’an, Xiaoyuhe-
cun, Qiaotouchi, 02.V.2020, Jiazhou Lu leg.; 1♀ (IZCAS), China, Shaanxi Province, 
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Mt. Taibaishan, above Houshenzi, tree line, scattered mixed coniferous/Rhododendron 
forest, 33.9122N, 107.7789E, 12–15.VI.1997, elevation ca. 3050 m, Peter Jäger leg.

Distribution. China (Shaanxi).

Ectatosticta deltshevi Platnick & Jäger, 2009
Figs 1, 2B, 3B, 4B, 5B, 6A–C, 7A, B, 8

Ectatosticta davidi Li & Zhu, 1984: 510, figs A–G; Forster et al. 1987: 23, figs 6–16, 
18–20, 23, 24, 31–36, 78–82; Song et al. 1999: 41, figs 11D, 17Q–T; Hu 2001: 
69, figs 1.1–6; Song et al. 2001: 64, fig. 24A–E. All misidentified.

Ectatosticta deltshevi Platnick & Jäger, 2009: 214.

Type material. Holotype ♂ (IZCAS-Ar28579), China, Qinghai Province, Huangyuan 
County, 15.IX.1984, Zhongshan Li leg., examined.

Other material examined. 2♂2♀ (IZCAS), China, Qinghai Province, Huangy-
uan County, 15.IX.1984, Zhongshan Li leg.; 2♀ (IZCAS), China, Qinghai Province, 
Haidong, Huzhutu Autonomous County, Jinchuan County, Jiading, Beishan National 
Park, 36.9378N, 102.4575E, elevation ca. 2442 m, 30.X.2019, Yejie Lin leg.

Distribution. China (Qinghai).
Natural history. Living in simple sheet webs between soil blocks or tree roots. On 

one side of the web there is tube-retreat that extends into the soil.

Ectatosticta wukong sp. nov.
http://zoobank.org/4BDB5B2E-0307-4B5C-B678-2C45F70762AD
Figs 1, 2C, D, 3C, D, 4C, D, 5C, 6D, 6E, 8

Type material. Holotype ♂ (IZCAS-Ar40346), China, Sichuan Province, Hongyuan 
County, Shuajingsi, Mt. Zhegu to Shuamalukou, 31.9272N, 102.6546E, elevation ca. 

Figure 1. Ectatosticta spp., outlines of male bulbs and thickened setae in retrolateral view (Red line, E. da-
vidi; green line, E. deltshevi, holotype; black line, E. wukong sp. nov., holotype) A bulbs B thickened setae.
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Figure 2. Ectatosticta spp., prolateral view of left male palps A E. davidi, male from Shaanxi B E. delt-
shevi, holotype C E. wukong sp. nov., holotype D E. wukong sp. nov., embolus and conductor of right palp 
(rotated horizontally), holotype.

3458 m, 23.XI.2019, Zhigang Chen leg. Paratypes 3♀ (IZCAS-Ar40347–Ar40349), 
same data as holotype.

Etymology. The species is named after Wukong, a character in the classic Chinese 
novel Journey to the West, noun. Journey to the West was written during the Ming Dynas-
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Figure 3. Ectatosticta spp., ventral view of left male palps A E. davidi, male from Shaanxi B E. deltshevi, 
holotype C E. wukong sp. nov., holotype D E. wukong sp. nov., embolus and conductor of right palp 
(rotated horizontally), holotype.

ty (1368–1644 A.D) and is about the adventures of a priest, Xuanzang, and his three 
disciples, Wukong, Wuneng, and Wujing, as they travel west in search of the Buddhist 
Sutra. Their travel begins at what is today Xi'an (near the type locality of E. davidi), via 
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Qinghai (close to the type locality of E. deltshevi), to South Xinjiang, Tibet (near the 
type locality of E. xuanzang sp. nov.) and India.

Diagnosis. Males of E. wukong sp. nov. can be distinguished by having only two 
thickened setae retrolaterally on the cymbium and the length ratio of the embolus to 
the embolus base is almost 3 : 1 (Fig. 3C, D). Females can be distinguished by having 
one pair of spermathecae (Figs 5C, 6D, E).

Description. Male: Total length 9.29, carapace 5.58 long, 3.14 wide, opistho-
soma 4.40 long, 3.14 wide. Eye sizes and interdistances: AME 0.19, ALE 0.26, PME 
0.23, PLE 0.24, AME–AME 0.16, AME–ALE 0.21, PME–PME 0.36, PME–PLE 
0.10, AME–PME 0.07, ALE–PLE 0.02. Clypeus height 0.30. Chelicerae with seven 
promarginal and six retromarginal teeth. Leg measurements: leg I: 40.37 (11.60 + 
12.88 + 9.42 + 6.47), leg II: 31.79 (9.10 + 10.51 + 7.95 + 4.23), leg III: 24.98 (7.24 
+ 8.64 + 5.70 + 3.40), leg IV: 32.53 (9.55 + 10.13 + 8.40 + 4.45). Leg formula: 1423.

Male palp (Figs 2C, D, 3C, D, 4C, D) simple, cymbium long, retrolaterally with 
an apophysis divided into two parts: a small, semicircular lobe with a seta and a large 
lobe with two strong setae placed closely together. Embolus thin, length ratio of embo-
lus to embolus base 3:1. Conductor sickle-shaped.

Female. Total length 10.77, carapace 4.70 long, 3.28 wide, opisthosoma 6.79 
long, 4.87 wide. Eye sizes and interdistances: AME 0.17, ALE 0.26, PME 0.23, PLE 
0.29, AME–AME 0.18, AME–ALE 0.28, PME–PME 0.36, PME–PLE 0.27, AME–
PME 0.06, ALE–PLE 0.07. Clypeus height 0.36. Chelicerae with seven promarginal 
and six retromarginal teeth. Leg measurements: Leg I: 29.10 (8.40 + 10.00 + 6.60 + 
4.10), leg II: 25.44 (6.99 + 8.91 + 5.90 + 3.64), leg III: 18.73 (5.64 + 6.15 + 4.35 + 
2.59), leg IV: 23.92 (7.31 + 7.50 + 5.83 + 3.28). Leg formula: 1243.

Female genitalia (Figs 5C, 6D, E) simple, one pair of spermathecae, spermathecae 
slightly curved.

Distribution. Known only from the type locality.

Ectatosticta xuanzang sp. nov.
http://zoobank.org/3A050541-598F-4349-8B86-C21E11F5B0CB
Figs 5D, 6G–K, 7C, D, 8

Type material. Holotype ♀(IZCNS-Ar40373), China, Tibet Autonomous Region, 
Lhoka, Cona County, Marmang, Lebugou, Yelang Valley, 27.8682N, 91.8110E, 
elevation ca. 3118 m, 12.X.2019, Yejie Lin leg. Paratypes 5♀ (IZCNS-Ar40374–
Ar40378), same data as holotype.

Etymology. The species is named after Xuanzang, a character in the classic Chinese 
novel Journey to the West, noun.

Diagnosis. Females of E. xuanzang sp. nov. can be distinguished by the ratio of 
the length of the inner spermathecae to the outer spermathecae of almost 1:3 (Figs 5D, 
6G–K) (vs. almost 1:1 in E. davidi and 1:2 to 1:1 in E. deltshevi (Figs 5A, B, 6A–C, F)) 
and the ratio of leg I length to the carapace length is almost 1:8 (vs. almost 1:6 in 
E. wukong sp. nov. and E. deltshevi and 1.7 in E. davidi).
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Figure 4. Ectatosticta spp., retrolateral view of left male palps A E. davidi, male from Shaanxi B E. delt-
shevi, holotype C E. wukong sp. nov., holotype D E. wukong sp. nov., embolus and conductor of right palp 
(rotated horizontally), holotype.

Description. Female. Total length 12.59, carapace 6.03 long, 3.60 wide, opistho-
soma 6.22 long, 4.40 wide. Eye sizes and interdistances: AME 0.15, ALE 0.31, PME 
0.29, PLE 0.28, AME–AME 0.19, AME–ALE 0.37, PME–PME 0.42, PME–PLE 
0.27, AME–PME 0.07, ALE–PLE 0.06. Clypeus height 0.45. Chelicerae with seven 
(n = 3) or eight (n = 3) promarginal and 6–9 (6(n = 1), 7(n = 4), 9(n = 1)) retromar-
ginal teeth. Leg measurements: Leg I: 51.47 (15.45 + 16.28 + 12.95 + 6.79), leg II: 
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Figure 5. Ectatosticta spp., dorsal view of female genitalia A E. davidi, female from Shaanxi B E. deltshe-
vi, female from Qinghai (type locality) C E. wukong sp. nov., paratype D E. xuanzang sp. nov., holotype.
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Figure 6. Ectatosticta spp., variation of female genitalia (red line, inner spermathecae (A–C, F–K) or 
spermathecae (D, e); green line, outer spermathecae) A–C E. deltshevi, females from Qinghai (type lo-
cality) D, e E. wukong sp. nov., paratypes F E. davidi, females from Shaanxi G–K E. xuanzang sp. nov., 
paratypes. Scale bars: 0.1 mm.

47.88 (14.03 + 16.22 + 11.60 + 6.03), leg III: 37.66 (11.67 + 12.50 + 9.04 + 4.45), 
leg IV: 44.23 (12.31 + 14.49 + 12.11 + 5.32). Leg formula: 1243.

Female genitalia (Figs 5D, 6G–K) simple, with two pairs of slightly curved sper-
mathecae. Inner spermathecae small, outer spermathecae curved, three times the length 
of inner spermathecae.

Male. Unknown.
Distribution. Known only from the type locality.
National history. In damp rocky areas, hiding between huge stones. They build 

simple sheet webs without a tube-retreat.
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Figure 7. Photos of live Ectatosticta spp. A E. deltshevi, female from Qinghai B E. deltshevi and web C E. xu-
anzang sp. nov., holotype from Tibet D E. xuanzang and web e Egg sac F A typical web of Ectatosticta. Egg sac 
marked with green arrow, spider marked with red arrow and assembled nymphs marked with yellow rectangle.
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Discussion

Platnick & Jäger (2009) pointed out that the number of thickened setae in males of 
Ectatosticta deltshevi was four, whereas in E. davidi it was five to seven. However, it is 
necessary to examine more male specimens to learn more about the extent of variation. 
Based on the examination of all female specimens available, the extent of sclerotization 
of the spermathecae seems stable within the species. This study is currently being ex-
panded to include molecular data and additional specimens from southwestern China 
and the Himalayas which will continue to increase our knowledge of Ectatosticta.
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Abstract
Two new species of Episymploce Bey-Bienko from China are described. Nine individuals of E. sichuanensis 
sp. nov. were collected from Sichuan Province and four individuals of E. maxima, sp. nov. were collected 
from Guangxi Province. Morphology, especially the wings, specialized abdominal tergum and genitalia of 
adults, are described and illustrated in detail. Episymploce sichuanensis sp. nov. is similar to E. kunmingi 
(Bey-Bienko, 1969), but can be easily distinguished by the reduced wings, bifurcated two processes at 
the hind margin of the supra-anal plate, and the unspecialized first abdominal tergum (T1). Episymploce 
maxima sp. nov. is similar to E. taiheizana Asahina, 1979 but is distinguished by its large size, the latero-
medial margins of the subgenital plate without processes, and the unspecialized T1. A key to the recorded 
Episymploce species from China is provided in this paper.

Keywords
Blattaria, cockroaches, Dictyoptera, identification key, taxonomy

Introduction

The genus Episymploce was established by Bey-Bienko in 1950, with the type species 
E. paradoxura Bey-Bienko, 1950, who later described three other new species, E. mar-
ginata Bey-Bienko, 1957, E. popovi Bey-Bienko, 1957, and E. uncinata Bey-Bienko, 
1969. Princis (1969, 1971) recorded six species of Episymploce, five of which originated 
from China. In 1979, Asahina (1979) redescribed the Japanese species E. amamiensis 
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Asahina, 1977, reinterpreted the genus and described another two new species, E. 
princisi Asahina, 1979 and E. taiheizana Asahina, 1979. Asahina (1979) considered 
Ischnoptera multiramosa Karny, 1915, recorded by Karny and Shiraki, incompletely 
documented, while Princis (1969) pointed out a nomenclatural error and changed its 
name to E. karnyi Princis, 1969, but no detailed description was provided. Asahina 
(1979) renamed E. karnyi Princis, 1969 as E. princisi Asahina, 1979 and redescribed 
it. Roth (1985) then renamed E. princisi Asahina, 1979 to E. asahinai Roth, 1985 and 
redescribed the species again. Liu et al. (2017) also considered E. karnyi Princis, 1969 
and I. multiramosa Karny, 1915 were synonyms of E. asahinai Roth, 1985. Phyllodro-
mia formosana Shiraki, 1908 and I. yoshinoe Shiraki, 1931 from Taiwan were identified 
as subspecies of E. formosana (Shiraki, 1907) by Asahina (1979). Roth (1987d), Wang 
(2006) and Liu et al. (2017) considered E. formosana formosana (Shiraki, 1907) was a 
synonym of E. formosana (Shiraki, 1907).

Roth (1986) supplemented the genus and reclassified five species of Symploce as 
Episymploce. He considered that E. taiwanica (Bey-Bienko, 1969) was a synonym of 
E. sundaica (Hebard, 1929). Wang (2006) and Liu et al. (2017) agreed with Roth. 
Roth (1986) transferred six species of Symploce to Episymploce, and considered that E. 
castanea (Hanitsch, 1933) was a synonym of E. ussuensis Roth, 1985. Roth (1987a, 
1987b, 1987c, 1987d) described 41 species of Episymploce from six countries, some 
being new records, of which 27 species and two subspecies were distributed in China, 
and a key to these Chinese species was provided.

Guo and Feng (1985) established Asymploce Guo & Feng, 1985, and recorded 
two new species, Asymploce rubroverticis Guo & Feng, 1985 and A. hunanensis Guo 
& Feng, 1985 from China, but Roth (1991) subsequently revised this genus, placing 
it as a synonym of Episymploce, and placed these two species into Episymploce. Roth 
(1997) transferred 16 species of Symploce to Episymploce based on the supra-anal plate. 
In 2003, Roth (2003) transferred S. guizhouensis Feng & Woo, 1988 and S. mamillatus 
Feng & Woo, 1988 from Symploce to Episymploce. Wang at al. (2005) described a new 
species E. daozhenana Wang & Feng, 2005 from Guizhou of China.

By now, there are more than 70 species of Episymploce recorded globally, of which 
39 species are recorded in China (Beccaloni 2014); a key of the published 39 species 
and the two new species reported here is provided in this paper.

Materials and methods

On 6 April and 3 May 2014, the second author and another colleague collected spec-
imens in Daheishan, Panzhihua County, Sichuan Province, and Nonggang Village, 
Longzhou County, Chongzuo City, Guangxi Province. The specimens were brought 
back to the laboratory for freezing, flattening of wings and limbs with parchment pa-
per, pinning with needles, and drying for preservation. The tergum behind the seventh 
abdominal tergum (T7) of the male specimen was cut off, placed into a 1.5 ml centri-
fuge tube with 10% NaOH and digested at 70 °C for 30–45 min. After the digestion, 
NaOH was removed from the centrifuge tube, and the specimen was rinsed thrice 
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with water before examination. The specimens were dissected and observed under a 
ZEISS Discovery V12 stereo microscope. Photographs were taken with a ZEISS/Smart 
Zoom5 and Canon EOS 5D Mark III, and illustrated with Adobe Photoshop CC 
2017 software. After illustration, the genitalia were stored in 0.5 ml centrifuge tubes 
containing 50% glycerol. The type specimens were deposited in Zhongshan Customs 
Technology Center.

The terminology used in this paper follows Roth (1977, 1979, 2003).

Taxonomy

Episymploce Bey-Bienko, 1950: 157.

Type species. Episymploce paradoxura Bey-Bienko, 1950: 157.
Diagnosis. According to the traits proposed by Bey-Bienko (1950), Asahina 

(1979) and Roth (1986), this genus can be described as follows: the tegmina and 
wings are fully developed. Wings cubitus anterior vein has 1–5 complete and 1–6 in-
complete branches, and the triangular apical area is small, reduced or absent. The first 
abdominal tergum can be specialized or unspecialized; the seventh abdominal tergum 
is always specialized; right and left lateral plates of the ninth abdominal tergum are 
similar, or the size and shape are obviously different, and the apex can be with or with-
out small spines. The supra-anal plate is asymmetrical, symmetrical, or approximately 
symmetrical, the apex of the posterior margin is invaginated, or slightly concave; the 
subgenital plate is asymmetrical. The anteroventral margin of the front femora is of 
Type A3, rarely Type B, or between Type A and Type B. The male left aedeagus is in 
the shape of a hook.

Distribution. China; Indonesia (Sumatra, Sulawesi, Java, Flores); Japan; India; 
Laos; Vietnam; Philippines; Thailand; Borneo Island; Nepal; Burma; Malaysia; Singa-
pore; Australia; Papua New Guinea.

Remarks. We agree with Roth (1987d), Wang (2006) and Liu et al. (2017) that E. 
taiwanica (Bey-Bienko, 1969) is a synonym of E. sundaica (Hebard, 1929), and agree 
with Roth (1987d) and Liu et al. (2017) that E. karnyi Princis, 1969 is a synonym of E. 
asahinai Roth, 1985. We also agree with Asahina (1979), Roth (1987d), Wang (2006) 
and Liu et al. (2017) that E. formosana formosana (Shiraki, 1907) is a synonym of E. 
formosana (Shiraki, 1907). So, E. taiwanica (Bey-Bienko, 1969), E. formosana formosana 
(Shiraki, 1907) and E. karnyi Princis, 1969 were not be included in the key below. Forty-
one species in Episymploce, including all published 36 species, three subspecies and two 
newly described species are included in this key, which is adapted from Roth (1987d).

Key to species of Episymploce from China (males)

1 Anteroventral margin of front femur Type A3, rarely intermediate between 
Type A and B ..............................................................................................2

– Anteroventral margin of front femur Type B3 .............................................8
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2 Supra-anal plate symmetrical ......................................................................3
– Supra-anal plate weakly asymmetrical or asymmetrical ................................5
3 Hind margin of supra-anal plate shallowly concave in middle and without 

papilla mesad ..............................................................................................4
– Hind margin of supra-anal plate shallowly concave on the apex and with a 

minute papilla mesad .............................................. E. asahinai Roth, 1985
4 Subgenital plate asymmetrical, styles simple, left and right lateromedial mar-

gins with spine-like processes. Left and right lateral plateral of T9 almost 
same length, ventral margins of both plates with 3 spines near apex ..............
 .......................................................................E. taiheizana Asahina, 1979

–  Subgenital plate asymmetrical, styles simple, left and right lateromedial mar-
gins without processes. Left and right plate plateral of T9 similar, ventral 
margins of both plates without spines ............................E. maxima sp. nov.

5 Supra-anal plate divided ..............................................................................6
– Supra-anal plate undivided, ligulate ...............E. ligulata Bey-Bienko, 1957
6 Hind margin of subgenital plate with a U-or V-shaped excavation ..............7
– Hind margin of subgenital plate without a U-or V-shaped excavation .......11
7 Left lobe of supra-anal plate wider than right lobe, inner margin of supra-anal 

plate with a curved incision, inner margin apex with a small papilla .............
 ............................................................E. mamillatus (Feng & Woo, 1988)

– Left lobe of supra-anal plate wider than right lobe, inner margin apex of 
supra-anal plate without papilla ..................................................................8

8 Left and right lateral plateral of T9 almost same length, posteroventral mar-
gins without spines ..........................................E. sundaica (Hebard, 1929)

– Left and right lateral plateral of T9 not similar, posteroventral margins with 
spines ..........................................................................................................9

9 Basolateral of subgenital plate without spine-like process, right inner ventral 
margins with a strong spine ............................E. cheni (Bey-Bienko, 1957)

– Basolateral of subgenital plate each with a spine-like processes ..................10
10 Left thickened margin of subgenital plate produced transversely truncated, 

right style long and straight covered with dense hairs ....................................
 ................................................................E. subvicina (Bey-Bienko, 1969)

– Left thickened margin of subgenital plate produced cylindrical, right style 
long and straight not covered with dense hairs ..............................................
 ..................................................................... E. vicina (Bey-Bienko, 1954)

11 Left and right processes crossed of supra-anal plate hind margin ...............12
– Left and right processes uncrossed of supra-anal plate hind margin ...........14
12 Left and right ventral margins of T9 without serrations  ...........................13
– Left ventral margins with tines, right ventral margins with or without serra-

tions ...........................................................E. Princisi (Bey-Bienko, 1969)
13 Left and right lateral plates of T9 with spines on ventral margin ...................

 ..........................................................................E. malaisei (Princis, 1950)
– Left lateral plate of T9 without spines on posteroventral margin, right lateral 

plate with or without spines ......................................................................15
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14 Ventral margins of T9 with a long spine. Hind margin apex of subgenital 
plate with a digitiform process ......................................................................
 .....................................................E. malaisei externa (Bey-Bienko, 1969)

– Ventral margins of T9 without spine. Hind margin apex of subgenital plate 
without process ...................................E. malaisei malaisei (Princis, 1950)

15 Left and right lobes of supra-anal plate with equal width, right apex spine-
like, left one round ................................. E. dimorpha (Bey-Bienko, 1958)

– Left and right lobes of supra-anal plate not equal width ............................16
16 Left and right processes of supra-anal plate joined ....................................20
– Left and right processes of supra-anal plate separate ..................................17
17 Hind margin of both lateral plates of T9 transversely truncated, ventral mar-

gins projecting posteriorly with spine-like processes or without processes ..18
– Hind margin of left lateral plate of T9 obliquely truncated, posteroventral 

angles of right plate with slight processes ..... E. quarta (Bey-Bienko, 1969)
18 Left thickened hind margin of subgenital plate spicular, right margin with an 

upright or curved hooklike style ................................................................19
– Left thickened hind margin of subgenital plate strongly spinulose, right mar-

gin without upright style .............................E. secunda (Bey-Bienko, 1957)
19 Right margin of subgenital plate with a large and upright style .....................

 ..................................................................... E. prima (Bey-Bienko, 1957)
– Right margin of subgenital plate with a large and curved hooklike style ........

 ...................................................................... E. tertia (Bey-Bienko, 1957)
20 Left and right processes of supra-anal plate curved to the same side of ventral 

margin ..................................................................................................... 23
– Left and right processes of supra-anal plate curved to different sides of ventral 

margin ......................................................................................................21
21 Middle with fleshy elevation of T7 with a pair of fossae on each side ........22
– Middle without fleshy elevation of T7 with depressions on each side ............

 ..................................................................E. unicolor (Bey-Bienko, 1958)
22 Hind margin of supra-anal plate process on the middle part, chelate. Prono-

tum with black brown blotch ....................... E. tridens (Bey-Bienko, 1957)
– Hind margin of supra-anal plate crevice on the middle part, apex of both lobe 

with curved long spine-like processes, directed along hind margin. Prono-
tum front margin and disk black brown, lateral and hind margin yellowish-
brown .................................................. E. hunanensis (Guo & Feng, 1985)

23 Right plate of subgenital plate with an irregular lamellar formation ..............
 ...............................................................E. zagulajevi (Bey-Bienko, 1969)

– Right plate of subgenital plate without an irregular lamellar formation .....24
24 Left and right ventral margins of T9 apex with small spines ..................... 25
– Left and right ventral margins of T9 with long spine-like processes .......... 27
25 Hind margin of apex of supra-anal plate with two processes without bifurcate 

spine ................................................ E. kryzhanovskii (Bey-Bienko, 1957)
– Hind margin of apex of supra-anal plate with two processes with bifurcate 

spine ........................................................................................................ 26
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26 Hind margin apex of supra-anal plate with two bifurcate processes ..............  
E. sichuanensis sp. nov.

– Hind margin of supra-anal plate with right process bifurcate, left process 
spine-like ................................................ E. kunmingi (Bey-Bienko, 1969)

27 Left and right lateral plates of T7 with a small fossea. Right lobe of apex 
of supra-anal plate spine-like, left lobe broadly with an adpressed transverse 
spine ventrally near apex ..............................................................................
 ................................................................... E. spinosa (Bey-Bienko, 1969)

– Left and right lateral plates of T7 with a depression. Left and right lobes of 
supra-anal plate spine-like, left lobe with a long spine ventrally near apex ....
 ................................................................E. longiloba (Bey-Bienko, 1969)

28 Supra-anal plate divided in two ................................................................ 31
– Supra-anal plate not divided  ................................................................... 29
29 Middle of T7 with two fossea covered in hairs .............................................

 .................................................................E. marginata Bey-Bienko, 1957
– Middle of T7 with a pair broad fossea without hair covering .................... 30
30 Supra-anal plate semitubular, left margin apex with a long style, right margin 

near apex with a long style, basolateral with a process ..................................
 .......................................................................E. popovi Bey-Bienko, 1957

– Supra-anal plate weakly asymmetrical, triangular, left margin apex with two 
long styles, left and right basolateral without processes .................................
 ................................................................. E. forficula (Bey-Bienko, 1957)

31 Hind margin of subgenital plate with V-shaped excavation ...................... 32
– Hind margin of subgenital plate without V-shaped excavation ................. 36
32 Right lobe ventrally of supra-anal plate with an adpressed transverse spine ...  

E. daozhenana Wang & Feng, 2005
– Right and left lobe of supra-anal plate without spines .............................. 33
33 Left and right lateral plates of T7 with a small fossea ................................ 34
– Left and right lateral plates of T7 without fossea ...................................... 35
34 Left and right lateral plates basolateral of subgenital plate without processes, 

left plate terminating with a small spine, two styles long spine-like ..............
 ...............................................................E. paradoxura Bey-Bienko, 1950

– Left and right lateral plates basolateral of subgenital plate with processes, left 
plate process is 2.5 times longer than the right plate process, left style curved 
hooks directed across left side of plate, right style straight spine-like obliquely 
directed across supra-anal plate .....................................................................
 ................................................................. E. potanini (Bey-Bienko, 1950)

35 Left and right lateral plates basolateral of subgenital plate with process, left 
plate thickened, terminating with a small spine, styles dissimilar, their bases 
widely separated ..................................................E. hassenzana Roth, 1987

– Left and right lateral plates basolateral of subgenital plate with processes, left 
plate thickened, terminating without a small spine, both styles nearly touch-
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ing basally, left style long spine-like, right style directed across right rear .......
 ..............................................................E. paravicina (Bey-Bienko, 1969)

36 Left and right ventral margins of apex of T9 with spines ...........................37
– Left and right ventral margins of T9 directed to long spine-like processes ....39
37 Hind margin near left corner of supra-anal plate with a larger deflexed spine-

like process, left margin apex thickened, hind margin medially with a pair of 
minute filamentous processes ................... E. splendens (Bey-Bienko, 1957)

– Hind margin of supra-anal plate each terminating with a spine-like deflexed 
process, left margin apex not thickened, hind margin medially without fila-
mentous processes .....................................................................................38

38 Right and left lateral plates of T9 similar, hind margin transversely truncated, 
each with ventral margin terminating in a small spine ...................................
 ......................................................................E. formosana (Shiraki, 1907)

– Left ventral margin of T9 with a small spine, right ventral margin without 
spine ...............................................E. formosana yoshinoe (Shiraki, 1931)

39 Upper base of both sides of supra-anal plate black brown. A red inverted pen-
tagram marking is formed on vertex, ocular and antennal areas.....................
 ......................................................... E. rubroverticis (Guo & Feng, 1985)

– Upper base of both sides of supra-anal plate not black brown. No red inverted 
pentagram marking present on the face .....................................................40

40 Left lateral plate of T9 with a narrow, apex spine-like, right plate short with 
a long, curved spine, not inserted in genital cavity. Pronotum with a pair of 
rust-chestnut spots .......................................E. uncinata Bey-Bienko, 1969

– Left lateral plate of T9 with a short spine-like, right plate with a long spine, 
inserted in genital cavity. Pronotum yellowish-brown ...................................
 ......................................................... E. guizhouensis (Feng & Woo, 1988)

Episymploce sichuanensis sp. nov.
http://zoobank.org/290ECF9F-4DA0-4EEF-9086-4AB258357B65
Figures 1–14

Specimens examined. Holotype: 1 male, 26°38.48'N, 101°41.62'E, Daheishan, Pan-
zhihua City, Sichuan Province, 6 April 2 014, coll. Ke-Liang Wu et De-Xing Liu. 
Allotype: 1 female, paratype: 7 males, allotype and paratype were collected together 
with holotype.

Diagnosis. This species is similar to E. kunmingi (Bey-Bienko, 1969), but can 
be distinguished as follows: 1) tegmina and wings reduced, only reaching the second 
abdominal tergum (T2), while in E. kunmingi (Bey-Bienko, 1969) tegmina and wings 
reach the apex of abdomen; 2) T1 is unspecialized, whereas T1 is specialized in E. 
kunmingi (Bey-Bienko, 1969); 3) two inwardly curved bifurcate processes on the hind 
margin of the supra-anal plate, while in E. kunmingi (Bey-Bienko, 1969) right process 
bifurcate and left process spine-like.
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Figures 1–4. Episymploce sichuanensis sp. nov. 1 male, dorsal view 2 male, ventral view 3 female, dorsal 
view 4 female, ventral view.
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Figures 5–15. Episymploce sichuanensis sp. nov. 5 tegmen 6 male, supra-anal plate and paraprocts, ventral 
view 7 male, T7, dorsal view 8 male, bifurcate process of the supra-anal plate 9 male, T9, ventral view 
10 male, subgenital plate, dorsal view 11 male, left aedeagus 12 male, median aedeagus 13 male, right 
aedeagus 14 female, supra-anal plate and paraprocts, ventral view 15 female, subgenital plate, ventral view.
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Description. Male, pronotum: length × width: 2.8–3.0 × 3.8–4.4 mm; tegmen: 
3.5–4.0 mm; overall length (including tegmen): 16.2–17.9 mm. Female, prono-
tum: length × width: 3.2 × 5.0 mm; tegmen: 3.8 mm; overall length (including 
tegmen): 14.4 mm.

Small size. Body yellowish orange, head extending somewhat beyond pronotum, 
ocellus white, interocular space almost equivalent to ocellus space. Pronotum approx-
imate ladder-like, hind margin wide. Tegmina and wings reduced, veins inconspicu-
ous, reaching of T2. Anteroventral margin of front femur Type A3; the first tarsus 
of the hind leg longer than the sum of the remaining tarsi; tarsal claws symmetrical 
and unspecialized, arolium and pulvillus present. The T1 unspecialized; T7 special-
ized with a pair of approximately triangular depressions (Fig. 7); T9 asymmetrical 
with left side longer than right, apex margin with some small spines (Fig. 9). Male 
supra-anal plate asymmetrical, hind margin of lamina bilobed, left hind margin has 
two inwardly curved processes, apex process of which is bifurcate (Figs 6, 8); left side 
paraproct with three processes and right side with single process. Subgenital plate 
asymmetrical, basolateral with two processes, left process longer, and apex of right 
process curved; left of hind margin apparently thicker and covered strongly spinu-
lose, middle hind margin with two spine-like processes reversed and outwardly with 
long styles (Fig. 10); left aedeagus hook-shaped (Fig. 11). Female is similar to male; 
abdominal tergum suffused with dark brown, supra-anal plate symmetrical, approxi-
mately triangular, apex concave (Fig. 14). Subgenital plate simple and hind margin 
rounded (Fig. 15).

Etymology. Species name sichuanensis refers to the type locality.
Distribution. China (Sichuan).

Episymploce maxima sp. nov.
http://zoobank.org/4C780B62-095A-48CD-9765-C7BD7EEAA95C
Figures 16–30

Specimens examined. Holotype: 1 male, 22°28.26'N, 106°57.43'E, Nonggang Vil-
lage, Longzhou County, Chongzuo City, Guangxi Province, 3 May 2014, coll. Ke-Li-
ang Wu et De-Xing Liu. Allotype: 1 female, paratype: 1 male, 1 female, all speciemens 
were collected at the same place at the same time.

Diagnosis. This species is similar to E. taiheizana Asahina, 1979, but can be dis-
tinguished as follows: 1) lateromedial margins of subgenital plate without processes, 
while with processes in E. taiheizana Asahina, 1979; 2) T1 was unspecialized, but 
T1 was specialized in E. taiheizana Asahina, 1979; 3) ventral margins of T9 without 
spines, but with 3 spines in E. taiheizana Asahina, 1979.

Description. Male, pronotum: length × width: 5.2–6.0 × 6.0–6.5 mm; tegmen: 
23.5 mm; overall length (including tegmen): 27.8–28.5 mm. Female, pronotum: 
length × width: 5.5–6.6 × 6.0–6.6 mm; tegmen: 23.4 mm; overall length (including 
tegmen): 27.8–29.5 mm.
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Figures 16–19. Episymploce maxima sp. nov. 16 male, dorsal view 17 male, ventral view 18 female, 
dorsal view 19 female, ventral view.
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Figures 20–30. Episymploce maxima, sp. nov. 20 tegmen 21 hind wing 22 male, T7, dorsal view 
23 male, T9, dorsal view 24 male, supra-anal plate and paraprocts, ventral view 25 male, subgenital plate, 
dorsal view 26 male, left aedeagus 27 median aedeagus 28 male, right aedeagus 29 female, supra-anal 
plate and paraprocts, ventral view 30 female, subgenital plate, ventral view.
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Large size. Body dark brown, head extending beyond the pronotum, vertex tawny, 
ocellus yellow, face dark brown, interocular space is 3/4 of ocellus space, antenna base 
dark brown, a pair of symmetrical reddish-brown dots next to the antenna sockets, 
antenna sockets slightly wider than ocellus width. Pronotum approximate triangular, 
hind margin wide, dark brown. Tegmina and wings fully developed, tegmina extending 
beyond the end of abdomen; hind wing with radius vein branched near middle; medial 
vein simple; cubitus anterior vein with five complete and two incomplete branches, 
triangular apical area small. Anteroventral margin of front femur Type A3; the first 
tarsus of the hind leg longer than the sum of the rest tarsi; tarsal claws symmetrical 
and unspecialized, arolium and pulvillus present. The T1 unspecialized; T7 specialized 
with numerous hairs in the intermediate region (Fig. 22); right and left lateral plates 
of the T9 are similar, hind margins truncate, posterior corners rounder (Fig. 23). Male 
supra-anal plate symmetrical, middle of the hind margin concave (Fig. 24); subgenital 
plate asymmetrical, two styles on the left side of the hind margin, with some spines in 
the interstylar margin (Fig. 25); left aedeagus hook-shaped (Fig. 26); median aedeagus 
exposed, extending beyond the supra-anal plate, spicular (Fig. 27). Female similar to 
male; supra-anal plate and subgenital plate symmetrical, hind margin round, apex with 
small concavity (Figs 29, 30).

Etymology. Species name maxima refers to its large size, currently the largest spe-
cies in Episymploce.

Distribution. China (Guangxi).

Discussion

The genus Symploce was established before the genus Episymploce, but it turned out that 
many species from other genera of cockroaches were included (Roth 1984). In 1950, 
Bey-Bienko (1950) established the genus Episymploce, and pointed out the difference 
between Episymploce and Symploce in the hind wings, the irregularly branched radial 
of the tegmina, and the conversion of the hind lateral processes of the T9 into spines. 
Subsequently, Asahina (1979) redefined Episymploce and dissected the male genitalia in 
detail, providing more reliable features for distinguishing Symploce from Episymploce. 
Roth (1986) considered that Bey-Bienko put too much emphasis on wing venation 
when distinguishing Episymploce from Symploce. He considered that the wing venation 
could not be used to distinguish Episymploce from Symploce, and suggested the symme-
try of the supra-anal plate should be considered. He transferred E. marginata Bey-Bi-
enko, 1957, E. popovi Bey-Bienko, 1957 and E. ligulata Bey-Bienko, 1957 to Symploce. 
In 1984 and 1986, Roth (1984, 1986) respectively collated and supplemented the 
characteristics of the abdominal tergum, wing venation, anteroventral margin of front 
femur, and supra-anal plate to distinguish Symploce from Episymploce. More specializa-
tions of the male abdominal tergum were observed in Symploce than in Episymploce. 
In 1997, Roth rejected that symmetry of the supra-anal plate distinguished between 
Episymploce and Symploce, and returned E. marginata Bey-Bienko, 1957, E. popovi 
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Bey-Bienko, 1957 and E. ligulata Bey-Bienko, 1957 to Episymploce. We do not think 
it is appropriate to distinguish one genus from another only by a single feature as there 
are many similarities between the characteristics of Episymploce and Symploce.

In 1985, Roth (1985) compared the characteristics of Blattella, Symploce, Parasym-
ploce and Episymploce. He considered that the difference between Parasymploce and the 
other three is that the supra-anal plate is symmetrical and the T7 was always specialized. 
Roth (1995) considered Aristiger and Parasymploce were synonyms of Hemithyrsocera. The 
supra-anal plate of E. sichuanensis sp. nov. is asymmetrical, which is obviously different 
from Hemithyrsocera. Episymploce maxima sp. nov. has similar features to Hemithyrsocera 
on the supra-anal plate and T7, but E. maxima sp. nov. has 5 complete and 2 incomplete 
branches in the cubitus anterior vein of the hind wing, while the cubitus anterior vein of 
the hind wings of Hemithyrsocera have no branches or 1–3 complete branches, and no 
incomplete branches. The supra-anal plate of E. sichuanensis sp. nov. is asymmetrical and 
T1 unspecialized, T7 and T9 are specialized. In the diagnosis of Symploce (Roth, 1984), 
the supra-anal plate was described as symmetrical, rarely asymmetrical, and T7 and T9 
without specialization at the same time. Episymploce maxima sp. nov. was similar to the 
genus Symploce in regard to the supra-anal plate, but the subgenital plate of Symploce has 
a highly specialized style, while the subgenital plate of E. maxima sp. nov. has a simple 
style and T1 is unspecialized, T7 specialized, and the left and right plate of T9 are similar. 
We think that these two new species do not agree with the characteristics of Symploce and 
Hemithyrsocera, whereas they do agree with the characteristics of the genus Episymploce.
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Abstract
The new stonefly species, Neoperla mindoroensis sp. nov. (Perlidae), from Mindoro island is described. The 
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Introduction

Plecoptera (stoneflies) is a basal, aquatic order of Neopteran insects known for their 
intolerance to organic pollution (Fochetti and Tierno de Figueroa 2008). Their pres-
ence and abundance are important in rapid assessments of water quality in freshwater 
ecosystems, especially rivers and streams, as the order occurs worldwide, except in 
Antarctica (DeWalt and Ower 2019).

One of the most diverse stonefly genera in the Oriental Realm and Southeast Asia 
is Neoperla Needham, 1905. In fact, in the Philippines alone, there are already 23 re-
corded Neoperla species even if these are only known from few major islands (Jewett 
1958; Kawai 1969; Sivec 1984; Zwick 1986; Sivec and Stark 2011; Dela Cruz et al. 
2018) and have not been comprehensively sampled yet. Interestingly, some closely 
related species occur syntopically (Sivec 1984).

Usually, only the male adult stages of stoneflies were formally described from the 
Philippines (Zwick 1982, 1986; Sivec 1984; Sivec and Stark 2011). Conspecificity 
with female adults and nymphs were ambiguous due to a lack of material or suitable 
matching tools, which made it difficult to use them as bioindicators in freshwater as-
sessments. In recent decades, DNA barcoding has increasingly been used in associating 
life stages of aquatic insects with their adults (Freitag 2013; Dela Cruz et al. 2016; 
Garces et al. 2018). For the first time, a new set of modified primers is applied here to 
Philippine Plecoptera.

This study focuses in the Baroc River Catchment, which is in the Key Biodiversity 
Area “69 Hinunduang Mt.” (sensu Ong et al. 2002) on Mindoro island. Here, several 
interesting aquatic insects have been discovered during the comprehensive assessment 
of the Ateneo Biodiversity Laboratory (Freitag 2013; Mey and Freitag 2013; Komarek 
and Freitag 2014; Vidal et al. 2017; Garces et al. 2018). This study also aims to address 
the lack of taxonomic studies of stoneflies from this biogeographically interesting is-
land, where no stonefly records have been known until now, and specifically to describe 
one new Neoperla species based on male and female adults along with the associated 
nymphs identified by COI mtDNA barcodes.

Methods

As part of a freshwater biodiversity assessment project, the stonefly fauna of the Baroc 
River Catchment, Roxas, Oriental Mindoro, was sampled in 2018–2019. Nymphs 
were collected by manual collection from rock surfaces, submerged wood, and trapped 
leaf packs in riffle sections of the Baroc River and its tributaries, while the adults were 
collected by the use of black-light traps and emergence traps as described by Freitag 
(2004). The collections were preserved in 95% ethanol and stored at –20 °C at the 
Biodiversity Laboratory, Ateneo de Manila University until scientific treatment. The 
following codes were used to identify the sampling sites (all belong to the Baroc River 
System and are within the area of Barangay San Vicente, Roxas Municipality, Oriental 



Neoperla mindoroensis sp. nov. from Mindoro, Philippines 49

Mindoro, the Philippines); maps indicating collections sites and notes are provided by 
Mey and Freitag (2013: 301) and Vidal et al. (2017: 2–5):

HBT: Quirao Buhay Creek tributary Tagugoy Creek, disturbed secondary forest; ca 
12°36'30"N, 121°22'38"E, 200 m a.s.l.

HOC: Hinundungan River tributary Quianao Creek, secondary forest; ca 
12°35'20"N, 121°21'40"E, 280 m a.s.l.

HR3: upper Hinundungan River, secondary forest; ca 12°35'10"N, 121°21'36"E, 
280 m a.s.l.

TBC: Taugad Daka River tributary Batuwayang Creek, secondary forest; ca 
12°38'09"N, 121°19'45"E, 490 m a.s.l.

TDR1: Taugad Daka River near Sitio Taugad Diit, rural extensive farmland and sec-
ondary vegetation; ca 12°37'33"N, 121°21'18"E, 180 m a.s.l.

TDR3: upper Taugad Daka River, secondary forest; ca 12°38'05"N, 121°19'33"E, 
530 m a.s.l.

THC: Taugad River tributary Hiyong Creek, rural extensive farmland and second-
ary vegetation; ca 12°37'27"N, 121°22'48"E, 147 m a.s.l.

TIR: Taugad Diit River near Sitio Taugad Diit, rural extensive farmland and sec-
ondary vegetation; ca 12°37'32"N, 121°22'17"E, 180 m a.s.l.

TR2: Taugad River downstream Sitio Taugad Diit, secondary vegetation; ca 
12°37'18"N, 121°22'58"E, 140 m a.s.l.

The external morphology of the specimens was studied under a Leica EZ4 stereom-
icroscope. The cold maceration technique (Zwick 1982) was employed to properly ob-
serve the aedeagus. The aedeagus, aedeagal sac, female inner genitalia, and the nymphal 
mouthparts were examined as wet mounts on microscopic slides under an Olympus 
CX21 compound microscope. Digital imaging of dissected parts was done using these 
microscopes with a DinoEye Eyepiece camera, then stacked using CombineZP software 
(Hadley 2010). The female inner genitalia were drawn in Adobe Illustrator 2020. The 
images of habitus and male terminalia were produced using a Canon EOS 650D and 
a Canon EOS 6D, respectively, with macro lens and a stack rack operated by Helicon 
Remote, and then stacked using Helicon Focus. Stacked images were enhanced with 
Adobe Lightroom and Adobe Photoshop 2020. Preparation of eggs was done following 
the procedure of Sivec et al. (1988) and examined and photographed using a Hitachi 
TM-1000 Table Top Scanning Electron Microscope (SEM) at the Materials Physics 
Laboratory, Ateneo de Manila University. Terminologies follow Murányi et al. (2015).

All type material is stored in alcohol and has been deposited at the Museum of 
Natural History of the National Museum of the Philippines, Manila, Philippines 
(NMP); Biodiversity Laboratory, Ateneo de Manila University, Quezon City, Philip-
pines (AdMU); Collection Arthien Pelingen, Philippines (CAP), currently deposited 
in AdMU; Museum für Naturkunde Berlin, Germany (ZMB).

DNA was extracted from the legs using Qiagen DNeasy kit (Qiagen, Hilden, 
Germany) following the protocol for animal tissues (Qiagen 2002). The 5'-end of the 
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cytochrome c oxidase subunit I (COI) region was then amplified using the primers 
LCO1490_mod (5'-TTTCAACAAACCATAAGGATATTGG-3') and HCO2198_
mod (5'-TAAACTTCAGGATGRCCAAAAAATCA-3') (Garces et al. 2018). In a 25 μl 
Polymerase Chain Reaction (PCR) mix, it includes 17.8 μl ddH2O, 2.5 μl 10× buffer, 
1 μl Mg (25 mM), 0.5 μl dNTP mix (10 mM), 0.5 μl of each primer (10 mM), 0.2 μl 
Taq Polymerase (NEB), and 2 μl template DNA of unknown concentration. The PCR 
program was set as follows: 180 s at 94 °C; 30 s at 94 °C, 30 s at 47 °C, 60 s at 72 °C 
(× 35 cycles); 300 s at 72 °C. The amplification success was then checked in a 1.5% 
agarose gel using gel electrophoresis. The successfully amplified PCR products were 
sent to MACROGEN for cleaning and sequencing. The forward and reverse sequences 
were then manually traced and aligned (CLUSTALW) using BIOEDIT v. 7.2.5 (Hall 
1999) along with the corresponding partial COI sequences of Neoperla clymene (New-
man, 1839) and Neoperla obliqua Banks, 1913 retrieved from GenBank as seen in Ta-
ble 1 (Pilgrim et al. 2011; Dela Cruz et al. 2018). A statistical parsimony analysis was 
conducted with TCS (Clement et al. 2002), and the haplotype network was visualized 
using POPART v. 1.7 (Leigh and Bryant 2015) and edited in Adobe Illustrator 2020.

The pairwise genetic distance analysis was performed in MEGA 7 (Kumar et al. 2016) 
using Kimura-2-parameter (K2P) model with bootstrap method in 1000 replicates.

Taxonomy

Neoperla mindoroensis sp. nov.
http://zoobank.org/22178DC3-B257-48B3-BDED-3193FFDF7F4F

Type locality. Philippines • Oriental Mindoro, Municipality of Roxas, Barangay 
San Vicente: Quirao Buhay Creek tributary Tagugoy Creek; secondary forest, ca 
12°36'30"N, 121°22'38"E, ca 200 m asl.

Material. Holotype: 1 ♂ adult (NMP), labelled “PHIL: Or[iental]. Mindoro, 
Roxas, Brgy. San Vicente, Quirao \ Buhay tributary, Tagugoy Creek; secondary forest; 
\ 12°36'30"N, 121°22'38"E 200 m a.s.l.; leg. AL Pelingen, \ C Pangantihon, H Freitag 
05 Feb. 2018 (HBT)L”, preserved in a cryovial with 95% ethanol, right hindleg and 

Table 1. GenBank accession numbers of DNA sequences, geographical origins, collection sites, and sam-
ple references of specimens. External data are indicated by superscript numbers: 1Dela Cruz et al. 2018; 
2Pilgrim et al. 2011.

Species Locality Stage Voucher Genbank accession number GenSeq nomenclature
Neoperla mindoroensis sp. nov. Mindoro nymph PL21 MT547994 genseq-2 COI

Mindoro ♀ adult PL22 MT547995 genseq-2 COI
Mindoro ♂ adult PL50 MT547996 genseq-1 COI 

Neoperla obliqua Mindanao ♂ adult KT3077121

Mindanao ♀ adult KT3077131

Neoperla clymene USA JN2006552
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all left legs missing as used for DNA extraction (PL50), both cerci partially broken, tips 
of wings partially broken, dissected aedeagus stored inside the same vial. Paratypes: 
Philippines • 1 ♂ adult; HBT E; 12 Aug.–21 Sept. 2018; leg. Freitag & Panganti-
hon; NMP; left midleg and hindleg missing, both cerci partially broken, dissected 
aedeagus stored inside the same vial • 1 ♂ adult; HR3 E; 15 Jan.–17 Feb. 2019; leg. 
Pangantihon; ZMB; both cerci partially broken, dissected aedeagus stored inside the 
same vial • 1 ♀ adult; TDR1 L; 08 May 2018; leg. Freitag and Pangantihon; NMP; 
right legs used for DNA extraction (PL22), both cerci partially broken, eggs used for 
SEM • 1 ♂ nymph; TDR1f; 22 Sept. 2019; submerged wood in run; leg. Freitag and 
Pangantihon; AdMU; dissected mouth parts stored in the same vial • 1 ♀ nymph; 
TDR3f; 08 Feb. 2018; submerged wood in run; leg. Freitag; NMP; left midleg and 
hindleg used for DNA extraction (PL21); left foreleg broken but stored in the same 
vial, both cerci partially broken • 1 ♂ adult; TDR3/TBC L; 08 May 2018; leg. Freitag 
& Pangantihon; CAP-AdMU; right and left midlegs broken but stored inside the same 
vial, both cerci partially broken, dissected aedeagus stored inside the same vial • 1 ♀ 
adult; TDR3/TBC L; 08 May 2018; leg. Freitag & Pangantihon; AdMU; left hindleg 
missing, both cerci partially broken, right forewing broken but stored in the same vial 
• 1 ♀ adult; THC E; 19 Nov.–02 Dec. 2018; leg. Freitag; ZMB; both cerci broken • 
1 ♂ adult; TIR E; 24 Jan.–16 Feb. 2018; leg. Pangantihon; ZMB; right cercus partially 
broken, dissected aedeagus stored inside the same vial • 1 ♂ adult; TIR E; 24 Jan.–16 
Feb. 2018; leg. Freitag; AdMU; left hindleg missing, both cerci partially broken, tips of 
wings partially broken, dissected aedeagus stored inside the same vial • 1 ♀ adult; TR2 
L; 11 Aug. 2019; leg. Freitag; ZMB; both cerci partially broken • 1 ♀ adult; TR2 L; 11 
Aug. 2019; leg. Freitag & Pangantihon; NMP; left midleg missing, both cerci partially 
broken • 1 ♂ adult; TR2 E; 22 Dec. 2018–15 Jan. 2019; leg. Freitag & Pangantihon; 
AdMU; right midleg broken but stored in the same vial, both cerci partially broken, 
wings damaged, dissected aedeagus stored inside the same vial. Other Material: Phil-
ippines • 1 ♂ larva; HOCg; 16 Jan. 2019; rock surface in riffle, leg. Freitag; AdMU; 
right hindleg missing, both cerci partially broken • 1 ♀ larva; TIRd; 22 Sept. 2019; 
leaf pack in riffle; leg. Freitag and Pangantihon; AdMU; both cerci partially broken • 
1 ♂ larva; TIRd; 22 Sept. 2019; leaf pack in riffle; leg. Freitag and Pangantihon; CAP-
AdMU; segments IX and X including cerci missing • 4 ♀ adults; TR2 E; 19 Nov.–02 
Dec. 2018 leg. Freitag; AdMU; some legs missing and all cerci partially broken • 3 ♀ 
adults; TR2 E; 22 Dec. 2018–15 Jan. 2019; leg. Freitag & Pangantihon; AdMU; some 
legs missing and all cerci partially broken.

Description. Imago: Medium-sized species (Fig. 1). Forewing length of holotype 
male: 14 mm, paratype males: 14–18 mm, paratype females: 16–18 mm. General color 
pale with dark patterns. Ocelli relatively of the same size in both male and female; dis-
tance between ocelli more than its diameter in male, less than its diameter in female. 
Head predominantly pale; dark mottling present posterior of ocelli; with two triangular, 
dark-brown patches anterior of ocelli and another patch near anterior of head delimiting 
a pale but distinct M-line. Antenna and palpi slightly darker than head. Pronotum trap-
ezoidal, narrower than head with eyes; anterior edges slightly angled; ground color brown 
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Figure 1. Paratype male adult habitus of Neoperla mindoroensis sp. nov. Scale bar: 2.00 mm.

with distinct yellow rugosities and with medial, longitudinal, brown stripe and dark, 
transverse anterior and posterior lines. Meso- and metanotum pale brownish. Legs yel-
low; tibia darker than the rest of the legs. Wings hyaline, nearly transparent; veins brown.

Male terminalia (Fig. 2A): Sterna and terga 2–6 simple. Posterior process of tergum 
7 with large, median hump associated with sparsely arranged and long setae, and sensilla 
basiconica on its hump. Tergum 8 with distinct medial process, strongly curved anteri-
orly like a hook, bearing dense sensilla basiconica. Tergum 9 simple, with irregular, sparse 
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Figure 2. A male terminalia of Neoperla mindoroensis sp. nov. B female inner genitalia. Scale 
bars: 0.5 mm (A); 0.1 mm (B).

Figure 3. Aedeagus of Neoperla mindoroensis sp. nov. A dorsal B lateral C ventral. Scale bar: 0.1 mm.
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setation throughout. Posterolateral margin of segments 7–9 with rows of moderately 
densely arranged, stout, brown setae. Hemitergal lobe covered with fine setae. Hemiter-
gal processes short, not raised in lateral view, slightly bent anteriad subparallel to midline.

Female terminalia. Terga and sterna simple; subgenital plate with slightly bilobed 
posterior edge of S8, half as wide as segment’s width; inner genitalia (Fig. 2B) unscle-
rotized and transparent, with distinct lamellae attached to the receptacle stalk; con-
centric and lateral folds discernable around and apically of the seminal receptacle’s 
attachment, respectively.

Aedeagus (Fig. 3A–C): Aedeagal tube slightly bulky, with dorsobasal and short 
elongate, ventrobasal sclerites; basoventral surface of tube with hump. Dorsal surface 
of entire aedeagal tube with wrinkles, but entirely without any spines. Everted aedeagal 
sac bent slightly ventrad, shorter than aedeagal tube; basolateral lobes with strong api-
cal spines and smaller spinules basally, posterobasal area almost glabrous; mediodorsal 
lobe slightly raised, fully covered with fine spinules; subapical portion with strong 
spines, basad increasingly with fine spinules on ventral surface; lateral and dorsal areas 
around the mediodorsal lobe almost glabrous.

Egg: Color dark brown, oval, nearly spherical, length ca 240 μm, width ca 220 μm, 
hatching line visible. Chorionic surface regularly punctate throughout, with punctae 
arranged in polygonal FCIs. Micropyles without any grouped rims near the hatching 
line (Fig. 4A–D). 

Figure 4. SEM micrographs of the egg of Neoperla mindoroensis sp. nov. A full egg B micropyles C cho-
rion surface D hatching line. Scale bars: 20 μm.
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Nymph: General color pale brown, abdomen darker brown (Fig. 5, larva with 
identical pattern). Venter pale brown. Female total length 16–18 mm. Male total 
length 12–13 mm.

Head. Pale, predominantly brownish, slightly wider than pronotum, margins with 
black outline. M-line pale and tentorial callosities indistinct; stem of ecdysial suture 
forms a white line which opens in a white spot in the middle of the dark markings 
anterior of occipital area. Frons simple, with bands of mottlings. Distance in between 
ocelli slightly greater than their diameter. Antennae longer than combined pro-and 
mesothorax, yellow. Labium, labial palp, paraglossae, glossae (Fig. 6A), mandible 
(Fig.  6B), maxilla (Fig. 6C) family-typical. Mandible (Fig. 6B) with deeply curved 
molar and five uneven incisors. Maxilla (Fig. 6C): lacinia scythe blade-like with broad 
basal half, subapical tooth a third shorter of the apical tooth, four large setae and few 
smaller setae in the marginal fringe, galea almost as long as lacinia with thin apical seta.

Thorax. Pronotum with yellow middorsal stripe and dark margins. Meso- and 
meta-notum with yellow mid-dorsal stripe; dark bands extending from mid-length to 
anterior corners lining borders of wingpads; additional dark markings evident on all 
thoracic segments. Legs yellow, proportion 1.0:1.3:1.5; proleg: 6.0–6.5 mm, midleg: 
7.0–8.0 mm, hindleg: 9.0–10.0 mm long; posterior of all legs entirely lined with very 
fine, dense setae; setae ca 0.5 mm long. Thoracic gills very dense, length up to 1.0 mm.

Abdomen. Posterior margins of abdominal segments with distinct dark bands. 
Terga sparsely covered with short, very fine, dark hairs; terga II–X with thin and sharp 
intercalary setae. Cerci yellow, about half as long as body; cercal hairs short and blunt. 
Segment X with one pair of anal gills, of approximately 20 filaments in each cluster, 
ca 0.5 mm long.

Differential diagnosis. Neoperla mindoroensis sp. nov. imagines are similar to Ne-
operla nishidai Sivec, 1984 from Greater Palawan in having pointed processes in terga 
7 and 8 and in the two large, finger-shaped basolateral lobes at the aedeagal sac. How-
ever, N. nishidai has smaller T8 process, and its basolateral lobes and the aedeagal sac 
are dorsally covered by spines and bare ventrally, while in N. mindoroensis sp. nov. the 

Figure 5. Female larval habitus of Neoperla mindoroensis sp. nov. Scale bar: 4.0   mm.
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Figure 6. Nymphal mouthparts of Neoperla mindoroensis sp. nov. A labium, ventral B left mandible 
C left maxilla Scale bars: 0.1 mm.

basolateral lobes are densely armed with spinules, and possess a fully spinulose, slightly 
raised mediodorsal lobe on the sac. The aedeagal sac of N. nishidai was also described 
as strongly bent ventrally, while N. mindoroensis sp. nov. is only slightly bent ventrally. 
Additionally, the egg of N. mindoroensis sp. nov. is significantly smaller (240 × 220 μm) 
and has less pronounced FCIs than that of the supposedly conspecific female of N. ni-
shidai (340 × 300 μm) (Sivec 1984). Neoperla PA-9 (Sivec and Stark 2011: 272, 273), 
which was claimed to be the putative true female of N. nishidai, also has larger eggs 
(271 × 256 μm) and an entirely different morphology from N. mindoroensis sp. nov. In 
addition, Neoperla PA-9 egg has a thin and obscure opercular line, but bearing a series 
of small, raised spine-like processes, while N. mindoroensis sp. nov. does not have any 
spine-like structure. The aedeagus of N. palawan Sivec & Stark, 2011 also resembles 
that of N. mindoroensis sp. nov., but its basolateral lobes are distinctly smaller, rounded, 
and not elongate, with a low, rounded medioventral lobe. In addition, it does not have 
a prominent T8 process on the dorsal abdomen. From all other male adult Philip-
pine Neoperla, the new species can easily be distinguished externally by the distinct, 
complex pattern in its pronotum, structure of its hemitergites, and its genitalia, as 
described above. The female adult bears the same pronotum pattern.

Etymology. The toponym refers to the Philippine island of Mindoro, where the 
type locality is situated.

Distribution. This species is known so far only from the Baroc River Catchment, 
Roxas, Oriental Mindoro, Philippines.

Ecology. In the Baroc River Catchment, the specimens were found in altitudes of 
140–530 m a.s.l. from Hinundungan River and Tauga River tributaries (Fig. 7). These 
collection sites were surrounded by either secondary forest or rural extensive farm-
land, if not secondary vegetation. Along these small to medium-sized (0.4–12 m wide) 
streams, the nymphs were found on submerged leaf packs, woods, and rock surfaces 
in riffle sections. In these microhabitats, the following physico-chemical variables were 
measured or estimated: water current 0.01–0.93 m/s, water temperature 21.5–26.8 °C, 
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Figure 7. Type locality and an additional sampling site of Neoperla mindoroensis sp. nov. A HBT B TIR 
(Photos by Mr. Clister Pangantihon).

Figure 8. Statistical parsimony haplotype network of Neoperla samples and Genbank records from 
aligned sequences of 567 bp.

pH 7.5–8.5, dissolved oxygen 6.7–8.75 mg/L (mostly, but not always near 100% satu-
ration), biochemical oxygen demand (BOD5) 0.1–1.18 mg/L. The maximum values 
for dissolved nutrients were 0.5 mg/L phosphate and 1.0 mg/L nitrate.
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Updated checklist of Neoperla Needham, 1905 from the Philippines

N. agtouganon Sivec & Stark, 2011 (Mindanao)
N. agusani Sivec, 1984 (Mindanao)
N. andreas Sivec & Stark, 2011 (Palawan)
N. atripennis Banks, 1924 (Leyte, Mindanao)
N. connectens Zwick, 1986 (Borneo, Mindanao)
N. dentata Sivec, 1984 (Borneo, Busuanga, Palawan)
N. flinti Sivec, 1984 (Luzon, Mindanao)
N. hermosa Banks, 1924 (Mindanao)
N. jewetti Sivec, 1984 (Luzon)
N. mindoroensis sp. nov. (Mindoro)
N. nigra Sivec, 1984 (Luzon)
N. nishidai Sivec, 1984 (Busuanga, Palawan)
N. obliqua Banks, 1913 (Luzon, Mindanao)
N. oculata Banks, 1924 (Biliran, Leyte, Luzon, Mindanao)
N. palawan Sivec & Stark, 2011 (Palawan)
N. pallescens Banks, 1924 (Mindanao)
N. pallicornis Banks, 1937 (Leyte, Luzon, Samar)
N. philippina Sivec, 1984 (Busuanga)
N. pseudorecta Sivec, 1984 (Busuanga, Cebu, Luzon, Negros, Palawan)
N. recta Banks, 1913 (Luzon, Negros, Mindanao)
N. sabang Sivec & Stark, 2011 (Palawan)
N. salakot Sivec & Stark, 2011 (Palawan)
N. wagneri Sivec, 1984 (Mindanao)
N. zwicki Sivec, 1984 (Luzon, Mindanao, Samar)

Discussion

Among the four stonefly genera which are known from the Philippines, Neoperla is the 
best documented genus in the country, with currently 24 species as listed above. For 
the first time, an integrative taxonomic approach was applied to describe a new Philip-
pine Neoperla species using a newly designed primer. The same primer has proved to 
be efficient in generating DNA barcodes of Ephemeroptera species (Garces et al. 2018, 
2020). In a preliminary analysis of a comprehensive assessment of Swiss stoneflies 
(Gattolliat et al. 2016), one of the factors pointed out is the need to explore more spe-
cific primers other than the standard COI primers (Folmer et al. 1994) for better out-
put. In this study, the barcodes have been instrumental to associate the different stages 
of the new species and differentiate them from congeners of which mtDNA sequences 
are available. As a result, the female adult and the nymph were also properly described.

In biodiversity surveys of aquatic insects and ecological assessments of rivers (e.g. 
Junqueira et al. 2010), the nymphs, which are usually difficult to be identified to 
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species level, are commonly collected and not the adult forms. Among all Oriental 
Neoperla recorded, the only nymphal stage described from the Philippines is Neoperla 
obliqua Banks, 1913 (Dela Cruz et al. 2018). Because of the very limited material and 
literature, the distinctive features of the nymphs are still unclear. In addition, when 
adults are collected, the females, which were not given proper taxonomic identifica-
tion aside from its ootaxonomy, are also hard to identify. Describing the nymphs and 
female adults together with conspecific males using barcoding would somehow aid 
in overcoming the impediments to species identification in macroinvertebrate assess-
ments. With the rise in popularity of eDNA technology in biodiversity surveys nowa-
days, the need of barcode references has never been more important than now (Balke 
et al. 2013; Lim et al. 2016; Fernández et al. 2018).

In this study, the 3.5% intraspecific divergence threshold was followed as observed 
in several EPT sequence divergence analyses (Zhou et al. 2010; Gattolliat et al. 2016). 
The maximum intraspecific divergence of 2.2% (Table 2) clearly contrasts from the 
minimum interspecific distance of 23.5%. The haplotype network association (Fig. 8) 
of the specimens does also support the morphological species concept. Barcoding of 
stonefly species in the Philippines has just started recently (Dela Cruz et al. 2016, 
2018). Clearly, additional efforts must be done in collection and identification of stone-
flies using integrative taxonomy to further advance the building of a comprehensive 
reference library which would aid studies on Plecoptera systematics and zoogeography.

Neoperla mindoroensis sp. nov. is a member of the N. recta Banks, 1913 species 
complex within the N. montivaga Zwick, 1977 species group (sensu Zwick 1983), 
which is recognized for its T7 and T8 with pointed processes, presence of basolateral 
lobes in the everted aedeagal sac, concentric and lateral folds visible around and in 
front of the receptacle attachment, and punctate, chorionic egg surface (Zwick 1983; 
Sivec 1984). With closest similarity to N. nishidai Sivec, 1984, this species complex 
now has six members, including N. andreas Sivec & Stark, 2011, N. pseudorecta Sivec, 
1984, N. recta Banks, 1913, and N. zwicki Sivec, 1984 (Sivec and Stark 2011). The 
N. recta species complex has been proposed to have taken the “Formosa-Luzon migra-
tory track” instead of the “Sumatra track” due to low species similarity with Borneo, 
Java, and Sumatra (Zwick 1986). The presence of N. mindoroensis sp. nov. on Mindoro 
Island, a large land mass between Luzon and Palawan, helps now to hypothesize how 
the species complex reached down to Palawan as well as to the oceanic islands of the 

Table 2. Intraspecific and interspecific pairwise distances of COI sequences based on Kimura-2-param-
eter (K2P) model.

1 2 3 4 5 6
1 N. mindoroensis sp. nov. nymph PL21
2 N. mindoroensis sp. nov. female adult PL22 0.022
3 N. mindoroensis sp. nov. male adult PL50 0.009 0.020
4 N. obliqua KT307712 0.243 0.237 0.245
5 N. obliqua KT307713 0.245 0.235 0.243 0.002
6 N. clymene JN200655 0.245 0.245 0.253 0.248 0.246
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eastern Philippines as some of its representatives have also been recorded in Cebu, 
Negros, Samar, and Mindanao (Sivec 1984; Sivec and Stark 2011).

The material treated here was exclusively retrieved from the Baroc River catchment 
as the main field research locality of the work group. During the long-term sampling 
program, the disturbed lower river reaches as well as various major and minor tributar-
ies were accessed repeatedly. The new species was only found in rather undisturbed, 
clean tributaries (see Ecology), which suggests it has value as bioindicator for such 
habitats. However, to further assess its suitability and potential, an intensive ecological 
assessment is recommended.
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Abstract
A new fossil genus and species is described from the Middle Jurassic of China. The type of Sinoelcana 
minuta gen. et sp. nov. has body and legs preserved. It is distinguished from all other elcanids by the 
unique combination of wing venation and stout ovipositor. The sickle-shaped ovipositor suggests that the 
new species had a preference for oviposition on plant material. A world key to the genera of Elcanidae is 
provided based on the wing venation.

Keywords
Jiulongshan Formation, Middle Jurassic, ovipostion, Sinoelcana, wing venation, Yanliao biota

Introduction

Elcanidae Handlirsch, 1906 is the most diverse family of the enigmatic group Elcan-
idea. In the history of taxonomic study of elcanids, over a hundred species names were 
proposed, mostly based on the structure of their wings (Germar 1842; Giebel 1856; 
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Handlirsch 1906–1908, 1939). After a critical investigation of wing venation, 104 
species names in Elcanidae were considered to be invalid and were discarded from use 
(Zessin 1987). To date, Elcanidae consists of two subfamilies: Elcaninae Handlirsch, 
1906 and Archelcaninae Gorochov, Jarzembowski & Coram, 2006 (Gorochov et al. 
2006). Elcaninae, which are characterized by presence of a distal fusion among CuPaß, 
CuPb, and 1A, contains the genera Probaisselcana Gorochov, 1989; Panorpidium West-
wood, 1854; Eubaisselcana Gorochov, 1986; Cratoelcana Martins-Neto, 1991; and 
Minelcana Gorochov, Jarzembowski & Coram, 2006. Archelcaninae are characterized 
by free distal part of CuPaß, CuPb, and 1A, and contains the genera Parelcana Han-
dlirsch, 1906; Synelcana Zessin, 1988; Archelcana Sharov, 1968; Sibelcana Gorochov, 
1990; Hispanelcana Penalver & Grimaldi, 2010; Cascadelcana Fang, Muscente, Heads, 
Wang, and Xiao 2018; and Jeholelcana Fang, Heads, Wang, Zhang, & Wang, 2018.

Northeastern China is rich and diverse in fossil insects (Zhang et al. 2010; Gu 
et al. 2012; Wang et al. 2012; Ren 2019). More than 60 species of Orthoptera have 
been reported from Yanliao and Jehol biota; however, only four are elcanids (Fang et 
al. 2015, 2018; Tian et al. 2019a, 2019b). Nevertheless, based on the compression 
fossil and amber collections of Elcanidae, this group exhibits a potentially higher di-
versity than expected (pers. obs.). Here, we describe a new genus with a new species of 
Elcanidae collected from Daohugou, Ningcheng, Inner Mongolia of China. This new 
finding enriches the diversity of Elcanidae and increases our knowledge of the wing 
morphology and reproduction behavior of this group. Furthermore, a world key to 
genera of Elcanidae, including this new genus and species, is provided based on wing 
venation characters.

Method and materials

The specimens were examined with a Nikon SMZ 25 microscope and photographed 
with a Nikon DS-Ri 2 digital camera system. Line drawings were prepared using Ado-
be Illustrator CC 17.0.0 and Adobe Photoshop CC 14.0 graphics software. The meas-
urements were taken using Adobe Illustrator. The specimens are housed at the Inner 
Mongolia Museum of Natural History, Hohhot, China.

Wing-venation analyses follow the interpretation proposed by Béthoux and Nel 
(2002). Notably, another venation system is also used to interpret the wing of Orthop-
tera (Sharov 1968; Gorochov 1995). The main difference is the interpretation between 
media and cubitus area. To make the wing constructions clear and unambiguous for 
readers, we list the other venation system used for Orthopera in brackets. Correspond-
ing abbreviations used in taxonomical descriptions are as follows: CP (not covered), 
posterior costa; ScA (C), anterior subcosta; ScP (Sc), posterior subcosta; RA (RA), RP 
(Rs), anterior and posterior radius, respectively; MA (MA1), MP (MA2), anterior, 
posterior media, respectively; CuA (MP), CuP, anterior, posterior cubitus, respectively; 
CuPaα (CuA1), the anterior branch of first posterior cubitus; CuPaβ (CuA2), the pos-
terior branch of first posterior cubitus; CuPb (CuP), the second posterior cubitus; AA1 
(1A), first branch of anterior anal vein.
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systematic palaeontology

Class Insecta Linnaeus, 1758
Order Orthoptera Olivier, 1789
Superfamily Elcanoidea Handlirsch, 1906
Family Elcanidae Handlirsch, 1906
Subfamily Archelcaninae Gorochov, Jarzembowski & Coram, 2006

Sinoelcana Gu, Tian, Wang & Yue, gen. nov.
http://zoobank.org/9E558599-9AFF-4FB6-A3A5-55E5E253893E

Type species. Sinoelcana minuta Gu, Tian, Wang & Yue, sp. nov.
Etymology. The generic name is a combination of the Greek prefix “sin-” (China) 

and Elcana. Gender: feminine.
Diagnosis. Sickle-shaped ovipositor; meta-tibiae has leaf-like spurs; presence of 

two longitudinal veins between stem of RP and CuA+CuPaα; free CuPaα short, fused 
with M+CuA immediately after diverging from CuPa; CuPaα fused with M+CuA for 
a long distance.

Comments. Based on the forewing venation, Sinoelcana gen. nov. can be as-
signed to Archelcaninae owing to its free distal parts of CuPaβ, CuPb, and AA1. The 
new genus is similar to Sibelcana Gorochov, 1990 and Synelcana Zessin 1988 by pres-
ence of two longitudinal veins between CuA+CuPaα and stem of RP, but it differs 
from Sibelcana in having a very short, free CuPaα and having CuA+CuPaα reaching 
the posterior wing margin, far beyond of the end of ScP; it differs from Synelcana in 
having a short, free CuPa, M, CuA, and CuPaα fused for a long distance, and narrow 
anals. Parelcana Handlirsch 1906 and Cascadelcana Fang, Muscente, Heads, Wang 
& Xiao, 2018 have the free CuA fused with CuPaα, which is much different from the 
new genus. Furthermore, the less numerous and spaced branches of the subcosta and 
radius, short CP, and more basal end of CuA+ CuPaα of Cascadelcana are quite dif-
ferent from the new genus. Sinoelcana differs from Archelcana Sharov, 1968 in that 
the latter only has one longitudinal vein between CuA+CuPaα and stem of RP. The 
type of Sinoelcana has leaf-like subapical spurs of meta-tibiae; the first three pairs are 
rather large. This kind of spurs is also present in another Chinese elcanid genus Je-
holelcana Fang, Heads, Wang, Zhang & Wang, 2018, but differs from Hispanelcana 
Penalver & Grimaldi, 2010. Sinoelcana can be distinguished from Jeholelcana by its 
three branches of M and short CuPa.

Sinoelcana minuta Gu, Tian, Wang & Yue, sp. nov.
http://zoobank.org/874D154C-777D-4254-8972-7622A13A2413

Diagnosis. As for genus.
Materials. Holotype: IMMNH-PI11334 (Part), IMMNH-PI11335 (Counter-

part), Female.
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Figure 1. Holotype of Sinoelcana minuta sp. nov., IMMNH-PI11334, forewing. A Photograph B recon-
struction drawing. Scale bar: 2 mm.

Locality and age. Daohugou Village, Wuhua Township, Ningcheng County, In-
ner Mongolia, China; Jiulongshan Formation, Bathonian–Callovian boundary inter-
val (Xu et al. 2016; Yang et al. 2020), Middle Jurassic.

Description. Head: head hypognathous, with large, oval eyes; scape cylindrical, 
much wider than pedicel and the flagellum; compound eyes rather large, 1.1 mm long, 
oval; Thorax (Fig. 2A, B): pronotum saddle-shaped, 2.4 mm long, lateral lobe 2.6 mm 
high. Legs: meta-femur 8.1 mm long, 1.9 mm wide; meta-tibiae has three pairs of large, 
leaf-like spurs, and one basal and small spur, ds3 1.86 mm long, ds2 1.86 mm long, ds1 
1.25 mm, ds4 0.85 mm long (Fig. 2C, D). Forewing (Fig. 1): 14.3 mm long, 3.4 mm 
wide (maximum width recorded); CP distally curved and reaching anterior wing mar-
gin beyond the origin of CuA+CuPaα; ScA simple, ending in anterior margin nearly 
1/4 of the wing length; ScP reaching anterior margin basal of the origin of stem RP 
and giving off 5 long and oblique branches ending in anterior margin; stem R long and 
strong, branched into RA and RP close to the middle of wing length; area between ScP 
and R basally narrow, getting wider after ScP reaching wing margin; RA has numerous 
oblique branches reaching anterior margin; RP fused with MA1 distal to the end of 
ScP; RP has 6 main pectinate branches and 8 terminals; M forking into MA and MP 
at the level of the end of ScA; MA forking into MA1 and MA2 at the level of the end 
of ScP; the fusion of RP and MA1 distant to the origin of MA1, MA2 distally branch; 
MP simple, originates at the level of the end of ScP; area between branches of RA and 
RP covered with simple and straight crossveins; CuA+CuPaα simple, slightly undulate, 
originating basal of the end of CP; CuPa short, forking into CuPaα and CuPaβ close to 
the wing base; CuPaα fused with M+CuA immediately and running for a long distance; 
CuPaβ and CuPb simple; AA1 strong, reaching posterior wing margin distal of the end 
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Figure 2. Holotype of Sinoelcana minuta sp. nov., IMMNH-PI11334. A, B Habitus, photograph (A) 
and reconstruction drawing (B). C, D meta-tibiae, photograph (C) and reconstruction drawing (D). e, F 
ovipositor, photograph (e) and reconstruction drawing (F). Scale bars: 2 mm (A, B); 1 mm (C–F).

of ScA; without distinct coloration spots on the wing. Abdomen: cerci short and coni-
cal, unsegmented, 2.3 mm long, with numerous hairs; ovipositor sickle like, 6.4 mm 
long (measured from the tip to the base), more than twice as long as the pronotum.

Discussion

The ovipositors of ensiferans are always specially modified related to the site and pattern 
of oviposition (Gwynne 2001; Rentz 2010). Currently, only a few fossil elcanid species 
have ovipositors preserved, which exhibit a straight, elongated, and sharply pointed shape 
(Zessin 1987; Martins-Neto 1991; Tian et al. 2019a). Although the ovipositors of these 
insects are quite different in their measurements, their shapes are similar and sword-like. 
These similarities to extant Ensifera imply that laying eggs in the ground/soil was a com-
mon behavior of Mesozoic elcanids. In contrast with the ovipositor structural design 
above, S. minuta Gu, Tian, Wang & Yue sp. nov. has a comparatively short and stout ovi-
positor. The ovipositor is slightly curved and its apical portion of dorsal valvulae is smooth 
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and without any serrations (Fig. 2E, F). This kind of sickle-shaped ovipositor indicates 
that the species oviposits on plant material, either dead wood or stems (Rentz 2010).

Currently, 11 genera are attributed to Elcaninae and Archelcaninae (Gorochov et 
al. 2006). Among them, Cratoelcana were described with two new species including 
females and males from Crato, Brazil. These specimens are exquisite and almost com-
pletely preserved, but with greatly overlapped wings. Based on the reconstructions of 
the wing, it is worth examining the area of the cubitus and anal veins, which is not com-
mon in general for fossil elcanid species. From the drawing of specimen CV-1098 of 
Cratoelcana zessin (Martins-Neto 1991), the reconstruction brings a unique fusion with 
CuPb and AA1, but the interpretation might need a more thorough examination of the 
specimen. Hence, the present subfamily assignment should be regarded with caution.

Jeholelcana yixianensis was described from the Jehol biota and presented with a very 
unique character: specifically a long and oblique free CuA vein fused to the CuPa vein, 
which was treated as a diagnostic character for the species and genus (Fang et al. 2018). 
This condition is very peculiar in Elcanidae and even among orthoperans in general. 
Fang et al. (2018) followed the nomenclature proposed by Béthoux and Nel (2002); 
however, they made an incorrect interpretation regarding the venation. Based on the 
reconstruction of the wing, the cubitus part exhibits a typical pattern of Elcanidae 
where CuPa basally forks into CuPaα and CuPaβ, and then CuPaα fuses with M+CuA. 
In other words, the vein CuA+CuPa interpreted by Fang et al. should be CuA+CuPaα. 
Furthermore, the forewing shows an unusual condition in that CuPaβ fuses with 
CuA+CuPaα for short distance. It is not common in orthoperans, if we treat it as a sta-
ble character state, but some similar conditions were documented in several relatives of 
orthoperan species. Longzhua loculata exhibits an unusual condition in which a branch 
of CuA fuses with the posterior branch of M (Gu et al. 2011). Based on more than 60 
samples of forewings, and with only two specimens have a branch of CuA fusing to the 
posterior branch of M, and this condition is reasonable to interpret as a translocation 
of a vein or a consequence of fusion, rather than a unique character state (Gu et al. 
2011). The same situation occurs in another Carboniferous archaeorthopteran species, 
Miamia maimai (Béthoux et al. 2012). Regardless, for extant orthopterans, this condi-
tion is also present among winged caeliferans and ensiferans. To verify this assumption, 
we examined six wing pairs of Calliptamus abbreviates and found that one of them 
exhibited a CuPaβ distally fused with CuA+CuPaα, whereas the CuPaβ of the remain-
der of the specimens examined were distant to CuPaα (unpublished data). Therefore, 
CuPaβ fused with CuA+CuPaα is not a suitable diagnostic character for Jeholelcana.

Due to the rare occurrence of complete wingsets of Elcanidae and the typical re-
quirements for a large sample of species to establish wing venation characters, tax-
onomy and further phylogenetic work in the Elcanidae are challenging. As more new 
materials are discovered, a comprehensive rechecking of the classification of known 
species worldwide is needed. Presently, there are six amber-embedded species attrib-
uted to Elcanidae (Poinar et al. 2007; Peñalver and Grimaldi 2010; Heads et al. 2018). 
Lack of wing preservation has made establishment of their subfamily positions hard 
to confirm. From the current database of Orthotpera species (Cigliano et al. 2020), 
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Elcanopsis sydneiensis Tillyard, 1918 and Macrelcana ungeri (Heer, 1849) are presently 
included within the Elcanidae. However, Elcanopsis sydneiensis is only known for a 
fragment, which is probably the distal part of the forewing of an elcanid-like insect 
(Tillyard 1918). Macrelcana ungeri (Heer, 1849) is lacking the diagnostic characters of 
Elcanidae based on the reconstruction of the wing (Karny 1932). In conclusion, we 
propose a key to the genera of Elcanidae based on forewing venation characters where 
the amber-embedded taxa and Cratoelcana are not considered.

Key to the genera of fossil Elcanidae based on wing venation

1 Area between RA and RP widened; CuPaβ, CuPb, and AA1 without fusion ...2
– Area between RA and RP not widened; CuPaβ, CuPb, and AA1 distally fused 

or just CuPaβ fused with CuPb ...................................................................8
2 CuPaα fused with free CuA .........................................................................3
– CuPaα fused with M+CuA ..........................................................................4
3 Presence of three longitudinal veins between CuA+CuPaα and stem of RP ...

 .....................................................................................................Parelcana
– Presence of two longitudinal veins between CuA+CuPaα and stem of RP .....

 ...............................................................................................Cascadelcana
4 M has two branches, forming MA and MP ................................. Archelcana
– M has more than two branches, MA branched ...........................................5
5 MA has three main branches .......................................................Jeholelcana
– MA has two main branches .........................................................................6
6 Free CuPa long, slightly arched to the anterior wing margin .........Synelcana
– Free CuPa short, directed towards the anterior wing margin .......................7
7 CuPa vertically diverges from CuP; CuPaα fused with M+CuA and separated 

from the fusion with CuA immediately ......................................... Sibelcana
– CuPa obliquely diverges from CuP; CuPaα fused with M+CuA for a long 

distance ........................................................................Sinoelcana gen. nov.
8 CuPaβ, CuPb, and AA1 distally fused .........................................................9
– CuPaβ distally fused with CuPb ............................................. Eubaisselcana
9 Area between MP and posterior wing margin broad and covered by oblique, 

regular, long cross-veins ...............................................................Minelcana
– Area between MP and posterior wing margin narrow, without long, oblique 

cross-veins .................................................................................................10
10 M with three branches ..........................................................Probaisselcana
– M with more than three branches ........................................... Panorpidium
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Abstract
The imago and soldier castes of a new Tauritermes Krishna, 1961 species, Tauritermes bandeirai sp. nov. 
are described. It is the fourth species of Tauritermes and occurs from the Caatinga and Atlantic Forest of 
Brazil. Unlike its congeners, the soldier of T. bandeirai has prominent frontal horns.

Keywords
Imago, new species, soldier, South America

Introduction

In South America, six kalotermitid genera have soldiers with partial to robust head 
capsule phragmosis: Calcaritermes, Cryptotermes, Eucryptotermes, Glyptotermes, Pro-
neotermes, and Tauritermes (Scheffrahn 2019a). According to Krishna et al. (2013), 
Tauritermes Krishna, 1961 was known only from southern Brazil and northern Argen-
tina. Actually, Mélo and Bandeira (2004) and Vasconcellos et al. (2005) reported an 
unidentified species from the semiarid Caatinga and Atlantic Forest of northeastern 
Brazil, respectively. This was followed by additional Tauritermes records from the same 
region (Vasconcellos et al. 2010; Souza et al. 2012; Cancello et al. 2014). Dambros 
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et al. (2013) expanded the range of Tauritermes to include Amazonas (Manaus). Most 
recently, Scheffrahn (2019a) reported Tauritermes from Bolivia and Paraguay.

Tauritermes, as other kalotermitid genera, is best characterized by venation of the 
winged imago and soldier head capsule morphology. For Kalotermitidae, most diag-
nostic characters at the intrageneric level are attributed to head capsule characters. Noi-
rot (1995) reported some consistent differences in the gut anatomy of kalotermitids 
compared to other lower termite families. Furthermore, Gonçalvez (1979), Myles 
(1997), and Godoy (2004) described parts of the gut of Rugitermes, Marginitermes, 
and Tauritermes, respectively. They found that differentiation of the gut morphology 
of kalotermitids remains elusive at both the generic and specific levels.

Herein, we report on a new Tauritermes species, T. bandeirai sp. nov. from samples 
collected by Vasconcellos et al. (2005) and additional specimens from the Brazilian 
Caatinga and Atlantic Forest. This is the fourth species of Tauritermes to be described 
based on external imago and soldier characters.

Material and methods

Photomicrographs were taken as multi-layer montages using a Leica M205C stereomi-
croscope controlled by the Leica Application Suite version 3 software. Preserved speci-
mens were taken from 85% ethanol and suspended in a pool of Purell Hand Sanitizer 
to position the specimens on a transparent Petri dish background. All University of 
Florida Termite Collection (UFTC) records are available online (Scheffrahn 2019b).

Taxonomy

Tauritermes bandeirai sp. nov.
http://zoobank.org/3C739327-4FB8-4B77-8AD0-862A82237292
Figures 1, 2

Diagnosis. The soldier of T. bandeirai differs from soldiers of the other three Taurit-
ermes species by having a distinct and robust frontal horn and a roundly protruding 
dorsal horn (Fig. 2C). The dorsal and frontal horns of T. triceromegas (Silvestri, 1901) 
are more angular but much smaller, barely elevated above the frons in oblique view 
(Fig. 3C). In T. vitulus Araujo & Fontes, 1979, the dorsal horn is similar to that of 
T. bandeirai sp. nov., while the fronal horn is absent (Araujo and Fontes 1979, fig. 10). 
In T. taurocephalus (Silvestri, 1901), the dorsal horn is more elevated and angular, 
while the frontal horn is also absent (Fig. 4C).

The T. bandeirai soldier differs from its congeners in that its frons and horns are 
more rugose, the basal mandible humps are broader and more angular, and the third 
antennal article is more club-shaped. Only T. taurocephalus has a similarly shaped post-
mentum (Figs 2D, 4D). In T. triceromegas, the postmentum is posteriorly elongated 
(Fig. 3D) and in T. vitulus it is posteriorly widened (Araujo and Fontes 1979, fig. 15).
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The imago head and pronotum of T. bandeirai are mostly unremarkable, except for 
a relatively large ocellus in comparison with the rather small compound eye. Among 
kalotermitid genera, the forewing venation is closest to Incisitermes Krishna with one 
diagnostic exception. In Incisitermes, the median vein is not sclerotized and its terminus 
does not closely approach the radial sector (Scheffrahn 2014, fig. 5). In T. bandeirai, 
the distal third of the median vein is sclerotized and closely paralells the radial sector 
(Fig. 1C). The wing venation of T. vitulus is similar to that of T. bandeirai, but no scle-
rotization is reported (Araujo and Fontes 1979, fig. 1).

Description. Imago (Fig. 1A–C, Table 1). Head capsule and pronotum light 
brown. Compound eye obtusely triangular; ocellus a shade lighter than vertex, very 
large, and roundly ellipsoid; nearly touching eye margin. Vertex covered with about 
one dozen short setae. Pronotum about as wide as head capsule; anterior margin weak-
ly emarginate in middle. Pronotum covered with a few dozen setae in middle, lateral 
margins with about one dozen setae each. Antennae with 15 articles, basal article rela-
tive lengths 1>2<3>4. Fore wing with subcosta joining costal margin at about one-
eighth of wing length from suture. Radius joining costal margin at one-third wing 
length; radial sector with about four anterior branches. Median vein becoming lightly 
sclerotized at distal third as it encroaches near the radial sector. Wing membrane and 
first 4–5 branches of cubitus lightly pigmented, concolorous with apical radial sector 
and median veins. Arolium present.

Soldier (Fig. 2A–D, Table 2). Head capsule, in dorsal view (Fig. 2A), dark cas-
taneous brown from postclypeus to antennal carinae, grading to orange at occiput. 
Head capsule narrowing toward antennal carinae; antennal carinae rugose and visible 
from above. Frontal ridge V-shaped with deep median cleft. About a dozen fine setae 
on vertex and genae. Eye spots hyaline, narrowly elliptical. In lateral view (Fig. 2B), 
dorsal horns (or protuberances) forming a rounded shelf near right angle; frontal horns 
projecting above base of mandibles. Genal horns slightly posterior to frontal horns, 
anterior to dorsal horns. Pronotum shield-shaped, wider than head; anterior margin 
rugose, incised in middle with rounded anterior lobes. In oblique view (Fig. 2C), dor-
sal and frontal horns rising prominently from frons; horns and frons coarsely rugose. 
Postclypeus (Fig. 2D) forming elongated, nearly symmetrical hexagon. Third anten-
nal article slightly club-shaped, relative article length 2<3>4=5. Mandibles two-fifths 
length of head capsule; basal humps robust, rugose; lateral margin of humps parallel. 

Table 1. Measurements (mm) of the Tauritermes bandeirai sp. nov. imago.

Character Females, four colonies (n = 7) Males, one colony (n = 4)
Mean Range Mean Range

Head width, maximum (w/out eyes) 0.8 0.63–0.88 0.81 0.79–0.86
Head width, maximum (with eyes) 0.93 0.70–1.04 0.93 0.91–0.98
Pronotum, maximum width 0.98 0.90–1.08 0.85 0.83–0.90
Eye diameter, maximum 0.33 0.30–0.35 0.29 0.26–0.30
Body length 5.54 4.56–6.32 5.08 4.88–5.36
Right fore wing length 7.7 7.62–7.78 6.56 6.51–6.67
Body length with wings 9.92 9.84–10.00 8.47 8.25–8.73
Number of antennal articles 15 15 – –
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Outside margin of blade nearly straight from above, then curving at right angle at one-
fifth from apex; apical tooth thick, marginal dentition weak. Mandibles curve evenly 
by about 15° in lateral view.

Figure 1. Imago of Tauritermes bandeirai sp. nov. (SA502) A dorsal and B lateral views of head and 
pronotum C right forewing.

Table 2. Measurements of Tauritermes bandeirai sp. nov. soldiers (n = 21) from nine colonies.

Character Mean Range
Head length to tip of mandibles  2.12 1.95–2.25
Head length to postclypeus   1.42 1.30–1.50
Head width, maximum   1.11 0.95–1.20
Antennal carinae, outside span  1.08 0.98–1.18
Span of dorsal horns 0.82 0.72–0.95
Span of frontal horns 0.89 0.82–0.98
Labrum, maximum width   0.25 0.21–0.32
Pronotum, maximum width   1.11 0.98–1.19
Pronotum, maximum length   0.82 0.70–0.93
Left mandible length to ventral condyle   1.00 0.88–1.10
Postmentum, maximum width   0.37 0.33–0.40
Postmentum, minimum width   0.22 0.18–0.26
Postmentum, length in middle   0.57 0.50–0.68
Head height, excluding postmentum   0.88 0.77–0.96
Third antennal article length   0.13 0.09–0.18
Number of antennal articles 10.58 9–12
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Figure 2. Soldier of Tauritermes bandeirai sp. nov. (SA499) A dorsal B lateral C oblique, and D ventral views 
of head and pronotum. AC = antennal carina, DH = dorsal horn, FH = frontal horn, and GH = genal horn.

Type material examined. Holotype soldier, Brazil: Paraíba, São José da Mata 
(7.1829, -35.9767); 659 meters A.S.L., 17AUG2000, A. Vasconcellos (AV); one sol-
dier (labelled as holotype, Fig. 2), one soldier and pseudergates (paratypes); University 
of Florida Termite Collection (UFTC) no. SA499, subsample from Universidade Fed-
eral da Paraíba Termite Collection (UPTC) no. 3160.

Other material examined. Brazil: Bahia, Itagiba, Fa. Conjunto S. Luis (-14.2840, 
-39.8428), 194 m, 18MAR1994, Jan Křeček; one soldier, pseudergates; UFTC 
SA444. Bahia, Morro do Chapéu (-11.6474, -41.2694), 974 m, 5NOV2015, AV; 
four soldiers, four imagos, pseudergates; SA504, 7309 (UFTC and UPTC accession 
numbers respectively). Bahia, Milagres (-11.6473, -39.8333), 700 m, 16MAR2012, 
AV; four soldiers, pseudergates; 4362. Paraíba, Maturéia (-7.2669, -37.3514); 700 m, 
20MAY2000, AV; three soldiers, pseudergates; SA497, 1255. Paraíba, Mamanguape 
(-6.8386, -35.1261); 33 m, 24JUN2000, AV; two soldiers, pseudergates; SA498, 1799. 
Paraíba, João Pessoa (-7.1554, -34.8731); 53 m, 20DEC2012, AV; three soldiers, five 
imagos; SA502, 4747. Paraíba, São José dos Cordeiros, RPPN Faz. Almas (-7.3905, 
-36.8083), 523 m, 07MAR2003, AV; three soldiers, pseudergates; 4746. Pernambuco, 
Buíque (-8.5333, -37.2333); 705 m, 16APR2009, AV; two soldiers, one imago, pseu-
dergates; SA500, 3307. Pernambuco, Floresta Tacaratu (-8.6500, -38.0167); 924 m, 
29JUN2010, A. A. V. O. Couto; one soldier, two imagos, pseudergates; SA503, 5014. 
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Pernambuco, Igarassu (-7.8371, -35.0006); 129 m, 10MAR2016, A. A. V. O. Couto; 
two soldiers, pseudergates; SA505, 8512.

Distribution. (Fig. 5) Northeastern Brazil, Caatinga and Atlantic Forest biomes. 
Tauritermes localities taken from the literature are given in Table 3.

Etymology. Named for Dr. Adelmar Gomes Bandeira, the graduate and post-
graduate advisor of AV who died in 2019. Dr. Bandeira was one of the first termitolo-
gists to work on termite ecology in the New World.

Biology. The colonies of T. bandeirai were collected inside dry trunks in the be-
ginning stages of decomposition (diameter > 3cm) and in dead terminal branches still 
attached to the trunks, both in areas of Caatinga and Atlantic Forest. In the Caatinga, 
colonies of T. bandeirai were relatively easy to extract from dead terminal branches of 
Commiphora leptophloeos (Mart.) J.B. Gillett (Burseraceae). This tree is also a “hot spot” 
for collecting other kalotermitids, such as Cryptotermes, Neotermes, and Rugitermes.

Using light traps over a year (December 2017 to November 2018) in a Caatinga 
area located in the municipality of São José dos Cordeiros, Paraíba-Brazil, the alates 
of T. bandeirai were collected five times; once in December, thrice in January, and 
once in February. This period represents a transition between the dry and rainy 
season in the area. For the Atlantic Forest, alates were recorded in wood in March, 
June, and December.

Figure 3. Soldier of Tauritermes triceromegas (PA942) A dorsal B lateral C oblique, and D ventral views 
of head and pronotum. DH = dorsal horn and FH = frontal horn.
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Figure 4. Soldier of Tauritermes taurocephalus (BO722) A dorsal B lateral C oblique, and D ventral 
views of head and pronotum. DH = dorsal horn.

Table 3. Localities of Tauritermes spp. Taken from the literature and mapped in Fig. 5.

Tauritermes sp. Location Latitude / Longitude Reference
T. sp. Brazil: Paraíba -7.47, -36.87 Vasconcellos et al. (2010)
T. sp. Brazil: Mataraca -6.48, -34.93 Vasconcellos et al. (2005)
T. sp. Brazil:Amazonas, Manaus -3.1, -59.97 Dambros et al. (2013)
T. sp. Brazil: “Atlantic forest” -5.93, -35.18 Souza et al. (2012)
T. sp. Brazil: Bahia, Mata de S. João -12.97, -38.51 Cancello et al. (2014)
T. sp. Argentina: Picomayo P. Nat. -25.109, -58.144 Roisin and Leponce (2004)
T. taurocephalus Argentina: Corrientes -27.49, -58.8 Torales et al. (1997)
T. taurocephalus Brazil: Mato Grosso, Corumbá -19.02, -57.65 Silvestri (1901)
T. taurocephalus Argentina: Chaco, Captain Solari -26.8, -59.56 Godoy (2004)
T. taurocephalus Artentina: Formosa, Pres. Irigoyen Dept. -26.18, -58.85 Godoy (2004)
T. taurocephalus Argentina: Formosa, P. N. Picomayo -25.066, -58.089 Roisin and Leponce (2004)
T. taurocephalus Argentina: Formosa, P. N. Picomayo -25.026, -58.097 Roisin and Leponce (2004)
T. taurocephalus Argentina: Salta, Urundel -23.56, -64.4 Fontes (1998)
T. taurocephalus Argentina: Salta, Urundel -23.56, -64.4 Fontes (1998)
T. triceromegas Argentina: Cordoba, Cosquin -31.24, -64.47 Silvestri (1901)
T. triceromegas Argentina: Corrientes, Concepcion -27.48, -57.3 Torales et al. (1997)
T. triceromegas Argentina: Salta, La Estrella -23.82, -64.07 Fontes (1998)
T. vitulus Brazil: Santa Catarina, Blumenau -26.9, -49.1 Araujo and Fontes (1979)
T. vitulus Brazil: Santa Catarina, Itapema -27.1, -48.6 Araujo and Fontes (1979)

There are no records of Tauritermes bandeirai infestations in buildings, either in 
urban or agricultural environments. Other Tauritermes species infest sound, dry wood 
(RHS, unpubl.) and are even structural pests (Araujo and Fontes 1979).
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Discussion

The Caatinga and the Atlantic Forest are neighboring domains (Fig. 5), but drasti-
cally different in terms of age and environmental conditions. The Caatinga is a semi-
arid region of northeastern Brazil and is part of the “Seasonally Dry Tropical Forests” 
(Silva et al. 2017). On the other hand, the Atlantic Forest is distributed along the 
east coast of South America and is part of the “Tropical Rain Forests” (Morellato 
and Haddad 2000). Even with such different physiognomies and ecological dynam-
ics, several species of termites, in addition to T. bandeirai sp. nov, are found in both 
domains such as Heterotermes longiceps (Snyder, 1924), Ruptitermes reconditus (Silves-
tri, 1901), Nasutitermes macrocephalus (Silvestri, 1903), Microcerotemes indistinctus 
Mathews, 1977, among others.
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Abstract
A new species of colubrid snake, Lycodon cathaya sp. nov., is described based on two adult male specimens 
collected from Huaping Nature Reserve, Guangxi, southern China. In a phylogenetic analyses, the new 
species is shown to be a sister taxon to the clade composed of L. futsingensis and L. namdongensis with low 
statistical support, and can be distinguished from all known congeners by the significant genetic divergence 
in the mitochondrial cytochrome b gene fragment (p-distance ≥ 7.9%), and morphologically by the fol-
lowing combination of characters: (1) dorsal scales in 17–17–15 rows, smooth throughout; (2) supralabials 
eight, third to fifth in contact with eye, infralabials nine; (3) ventral scales 199–200 (plus two preventral 
scales), subcaudals 78; (4) loreal single, elongated, in contact with eye or not, not in contact with internasals; 
(5) a single preocular not in contact with frontal, supraocular in contact with prefrontal, two postoculars; 
(6) maxillary teeth 10 (4+2+2+2); (7) two anterior temporals, three posterior temporals; (8) precloacal plate 
entire; (9) ground color from head to tail brownish black, with 31–35 dusty rose bands on body trunk, 13–
16 on tail; (10) bands in 1–2 vertebral scales broad in minimum width; (11) bands separate ground color 
into brownish black ellipse patches arranged in a row along the top of body and tail; (12) elliptical patches 
in 3–6 scales of the vertebral row in maximum width; (13) ventral surface of body with wide brownish black 
strip, margined with a pair of continuous narrow greyish white ventrolateral lines. With the description of 
the new species, 64 congeners are currently known in the genus Lycodon, with 16 species occurring in China.

Keywords
Colubrinae, Guangxi, Lycodon cathaya sp. nov., morphology, phylogeny, taxonomy

* Contributed equally as the first authors.

ZooKeys 954: 85–108 (2020)

doi: 10.3897/zookeys.954.53432

https://zookeys.pensoft.net

Copyright Jian Wang 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



Jian Wang et al.  /  ZooKeys 954: 85–108 (2020)86

Introduction

The colubrid genus Lycodon Boie, 1827 currently comprises 63 known species, 
and is distributed widely throughout the Middle East to Southeast Asia, as well 
as to the Indo-Australian Archipelago (Lanza 1999; Siler et al. 2013; Neang et al. 
2014; Uetz et al. 2020). Fifteen species have so far been recorded from China, i.e. 
L. aulicus (Linnaeus, 1758), L. fasciatus (Anderson, 1879), L. flavozonatus (Pope, 
1928a), L. futsingensis (Pope, 1928b), L. gongshan Vogel & Luo, 2011, L. laoensis 
Günther, 1864, L. liuchengchaoi Zhang, Jiang, Vogel & Rao, 2011, L. meridionalis 
Bourret, 1935, L. multizonatus (Zhao & Jiang, 1981), L. rosozonatus (Hu & Zhao, 
1972), L. rufozonatus Cantor, 1842, L. ruhstrati (Fischer, 1886), L. septentrionalis 
(Günther, 1875), L. subcinctus Boie, 1827 and L. synaptor Vogel & David, 2010 
(Zhao. 1981; Zhao et al. 1998; Luo et al. 2010; Vogel and David 2010; Vogel and 
Luo 2011; Zhang et al. 2011).

During recent herpetological surveys in Guangxi, southern China, two colubrid 
snake specimens were collected from Huaping Nature Reserve (Fig. 1). Detailed mor-
phological examinations and further molecular analyses revealed that these specimens 
represented a separately evolving lineage within the genus Lycodon and can be distin-
guished from all recognized congeners. We herein describe this overlooked Lycodon 
population as a new species, based on an integrative taxonomic approach.

Figure 1. The type locality of Lycodon cathaya sp. nov., Huaping Nature Reserve, Guangxi, China.
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Materials and methods

Morphometrics

Morphological examinations were performed based on two specimens collected from 
Huaping Nature Reserve, Guangxi, China. All specimens were fixed in 10 % buffered 
formalin and later transferred to 70 % ethanol for permanent preservation, and depos-
ited in the Museum of Biology, Sun Yat-sen University (SYS).

Morphological descriptions followed Dowling (1951), Vogel (2009), Vogel and 
David (2010), and Janssen et al. (2019). Measurements were taken with digital calipers 
to the nearest 0.1 mm. These measurements were as follows:

ED eye horizontal diameter;
HL head length (from tip of snout to posterior margin of the mandible);
HW maximum head width;
SVL snout-vent length (from tip of snout to posterior margin of cloacal plate);
TaL tail length (from posterior margin of cloacal plate to tip of tail);
TL total length (from tip of snout to tip of tail).

Scalation features and their abbreviations are as follows: dorsal scale rows 
(DSR) counted at one head length behind head, at midbody, and at one head 
length before vent, respectively; supralabials (SPL); numbers of supralabials in 
contact with the eye (SPL-E); infralabials (IFL); chin shields (CS); numbers of 
infralabials in contact with the anterior chin shield (IFL-aCS); number of infrala-
bials in contact with the posterior chin shield (IFL-pCS); preoculars (PrO); pos-
toculars (PtO); loreal (LoR); loreal in contact with the eye or not (L-E); anterior 
temporals (aTMP); posterior temporals (pTMP); preventral scales (PrV); ventral 
scales (V); precloacal plate (PrC); subcaudals (SC); and body scale surface (BSC). 
Sex was determined by dissection or by the presence/absence of everted hemipenis. 
The number of maxillary teeth (MT) were counted by carefully dissecting the gums 
of the right maxilla under the stereo microscope. The light bands on the body and 
tail were counted on one side; hardly visible or incomplete bands were counted 
as one band; obviously fused bands were counted as two bands. The collar band 
on the neck was not included in counts and bands covering the cloacal plate were 
regarded as body bands.

Morphological characters of recognized Lycodon species were obtained from ex-
amination of museum specimens (see Appendix 1) and from the following referenc-
es: Günther (1864), Günther (1875), Blanford (1878), Boulenger (1893), Boulenger 
(1900), Wall (1906), Stejneger (1907), Griffin (1909), Taylor (1922), Pope (1928a, 
b), Smith (1943), Taylor (1950), Leviton (1965), Hu et al. (1975), Zhao (1981), Ota 
and Ross (1994), Manthey and Grossman (1997), Captain (1999), Lanza (1999), 
Slowinski et al. (2001), Daltry and Wüster (2002), Gaulke (2002), Gaulke et al. 
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(2003), Jackson and Fritts (2004), Vijayakumar and David (2005), Zhao (2006), 
Mukherjee and Bhupathy (2007), Mistry et al. (2007), Vogel et al. (2009), Bahu-
guna and Bhuta (2010), Vogel and David (2010), Vogel and Luo (2011), Zhang et 
al. (2011), Vogel et al. (2012), Guo et al. (2013), Vogel and Harikrishnan (2013), 
Grismer et al. (2014), Lei et al. (2014), Neang et al. (2014), Zhang et al. (2015), 
Gawor et al. (2016), Do et al. (2017), Wostl et al. (2017), Ganesh and Vogel (2018), 
Luu et al. (2018), Melvinselvan et al. (2018), Janssen et al. (2019), Luu et al. (2019), 
and Vogel and David (2019). Data shown in Table 1 was modified based on Janssen 
et al. (2019), with distinguishing characters marked in bold.

Phylogenetic analyses

For molecular analysis, a total of 20 samples was used, encompassing 18 samples from 
eight known Lycodon species (one sample of L. fasciatus, two samples of L. flavozonatus, 
four samples of L. futsingensis, two samples of L. liuchengchaoi, one sample of L. mul-
tizonatus, two samples of L. rufozonatus, four samples of L. ruhstrati, and two samples 
of L. subcinctus) and two samples of the unnamed species. Tissue samples were taken 
prior to fixation, and preserved in 99 % alcohol and stored at -40 °C.

Genomic DNA was extracted from muscle or liver tissue samples, using a DNA ex-
traction kit from Tiangen Biotech (Beijing) Co., Ltd. A fragment of the mitochondrial 
cytochrome b (CYTB) gene was amplified using the primer pair L14910 (5’–GACCT-
GTGATMTGAAAACCAYCGTTGT-3’) and H16064 (5’– CTTTGGTTTACAA-
GAACAATGCTTTA-3’) following Burbrink et al. (2000). PCR amplification was 
run using the following cycling conditions: initial denaturing step at 94 °C for 5 min; 
followed by 35 cycles of 94 °C for 30 s, 48 °C for 1 min and 72 °C for 70 s; and final 
extension step at 72 °C for 10 min. PCR products were purified with spin columns and 
then sequenced with forward primers using BigDye Terminator Cycle Sequencing Kit 
as per the guidelines on an ABI Prism 3730 automated DNA sequencer by Guangzhou 
Tianyi Huiyuan Bio-tech Co., Ltd.

Twenty sequences from 12 known Lycodon species and two out-group sequences 
Boiga cynodon (Boie, 1872) and Dasypeltis atra Sternfeld, 1912, following Janssen et 
al. (2019) were obtained from GenBank and incorporated into our dataset (Table 2). 
DNA sequences were aligned by the Clustal W algorithm with default parameters 
(Thompson et al. 1997) and trimmed with gaps partially deleted in MEGA 6 (Tamura 
et al. 2013). The aligned dataset was tested in jmodeltest v2.1.2 (Darriba et al. 2012) 
with Akaike and Bayesian information criteria, all resulting the best-fitting nucleotide 
substitution models of GTR+I+G. Sequence data was analyzed using Bayesian infer-
ence (BI) in MrBayes 3.2.4 (Ronquist et al. 2012), and maximum likelihood (ML) in 
RaxmlGUI 1.3 (Silvestro and Michalak 2012). In the BI analysis, three independent 
runs were conducted, each being run for 2 million generations and sampled every 1000 
generations with the first 25% samples were discarded as burn-in. In the ML analysis, 
the bootstrap consensus tree was inferred from 1000 replicates. Pairwise distances (p-
distance) were calculated in MEGA6 using the uncorrected p-distance model.
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Table 2. Localities, voucher information, and GenBank numbers for all samples used in this study.

Lycodon species Voucher No. Collection locality GenBank No. References

(1) Lycodon cathaya 
sp. nov.

SYS r001542 China: Huaping National NR, Longsheng County, Guangxi MT602075 This study

(2) Lycodon cathaya 
sp. nov.

SYS r001630 China: Huaping National NR, Longsheng County, Guangxi MT602076 This study

(3) L. banksi VNUF R.2015.20 Laos: Khammouane Province MH669272 Luu et al. 2018 
(4) L. butleri LSUHC:8365 Malaysia: Bukit Larut, Perak KJ607892 Grismer et al. 

2014
(5) L. butleri LSUHC:9137 Malaysia: Bukit Larut, Perak KJ607891 Grismer et al. 

2014
(6) L. cavernicolus LSUHC 9985 Malaysia: Perlis KJ607889 Grismer et al. 

2014
(7) L. cavernicolus LSUHC 10500 Malaysia: Perlis KJ607890 Grismer et al. 

2014
(8) L. fasciatus CAS 234875 Myanmar: Chin State KC010365 Siler et al. 2013
(9) L. fasciatus CAS 234957 Myanmar: Chin State KC010366 Siler et al. 2013
(10) L. fasciatus SYS r002401 China: Ruili City, Yunnan MT625862 This study
(11) L. flavozonatus SYS r001357 China: Bamianshan National NR, Guidong County, Hunan MT625850 This study
(12) L. flavozonatus SYS r001358 China: Bamianshan National NR, Guidong County, Hunan MT625851 This study
(13) L. futsingensis SYS r001250 China: Mt. Nankun, Huizhou City, Guangdong MT625847 This study
(14) L. futsingensis SYS r001494 China: Shimentai National NR, Yingde City, Guangdong MT625853 This study
(15) L. futsingensis SYS r001667 China: Gaoping Provincial NR, Renhua County, 

Guangdong
MT625857 This study

(16) L. futsingensis SYS r002123 China: Gaoping Provincial NR, Renhua County, 
Guangdong

MT625861 This study

(17) L. gongshan GP 3516 China: Lincang City, Yunnan KP901022 Guo et al. 2015
(18) L. gongshan GP 3546 China: Lincang City, Yunnan KP901024 Guo et al. 2015
(19) L. laoensis FMNH 258659 Laos: Salavan Province KC010368 Siler et al. 2013
(20) L. laoensis LSUHC 8481 Cambodia: Pursat Province KC010370 Siler et al. 2013
(21) L. liuchengchaoi SYS r001654 China: Shennongjia National NR, Hubei MT625855 This study
(22) L. liuchengchaoi SYS r001655 China: Shennongjia National NR, Hubei MT625856 This study
(23) L. namdongensis VNUF R.2017.23 Vietnam: Nam Dong Nature Reserve, Thanh Hoa  MK585007 Luu et al. 2019
(24) L. meridionalis VNUF R.2017.54 Vietnam: Ninh Binh MH669268 Luu et al. 2018
(25) L. meridionalis VNUF R.2017.88 Vietnam: Ninh Binh MH669269 Luu et al. 2018
(26) L. multizonatus KIZ01623 China: Luding County, Sichuan KF732926 Lei et al. 2014 
(27) L. multizonatus SYS r002411 China: Baishuijiang National NR, Longnan City, Gansu MT625863 This study
(28) L. pictus ZFMK93746 Vietnam: Ha Lang District, Cao Bang MN395829 Janssen et al. 

2019
(29) L. pictus ZFMK93747 Vietnam: Ha Lang District, Cao Bang MN395830 Janssen et al. 

2019
(30) L. rufozonatus SYS r001770 China: Mt. Tiantai, Zhejiang MT625858 This study
(31) L. rufozonatus SYS r002061 China: Yangjifeng National NR, Guixi City, Jiangxi MT625860 This study
(32) L. ruhstrati SYS r001275 China: Shaowu Jiangshi Provincial NR, Nanping City, 

Fujian
MT625848 This study

(33) L. ruhstrati SYS r001309 China: Jiulianshan National NR, Longnan County, Jiangxi MT625849 This study
(34) L. ruhstrati SYS r001362 China: Bamianshan National NR, Guidong County, Hunan MT625852 This study
(35) L. ruhstrati SYS r001631 China: Huaping National NR, Longsheng County, Guangxi MT625854 This study
(36) L. semicarinatus N/A Japan: Ryukyu Archipelago AB008539 Kumazawa et al. 

1996 
(37) L. subcinctus SYS r001155 China: Neilingding Island, Shenzhen City, Guangdong MT625846 This study
(38) L. subcinctus SYS r001943 China: Shimentai National NR, Yingde City, Guangdong MT625859 This study
(39) L. synaptor GP 3515 China: Lincang City, Yunnan KP901021 Guo et al. 2015
(40) L. synaptor GP 3545 China: Lincang City, Yunnan KP901023 Guo et al. 2015
Outgroups

(41) Boiga cynodon KU 324614 Philippines: Negros Occidental KC010340 Siler et al. 2013
(42) Dasypeltis atra CAS 201641 Uganda: Kabale district AF 471065 Lawson et al. 

2005
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Figure 2. Bayesian Inference and Maximum Likelihood phylogenies.

results

The CYTB nucleotide sequence matrix contained 1050 characters without insertion 
deletions. The MP and BI analyses produced essentially identical topologies, which 
were integrated in Fig. 2. Major nodes of the tree were supported with the Bayesian 
posterior probabilities (BPP) > 0.95 and the bootstrap supports (BS) for Maximum 
Likelihood analysis > 75. Uncorrected p-distances among Lycodon species based on the 
CYTB gene are shown in Table 3.

The phylogenetic topologies are very similar to those recovered by previous study 
(Janssen et al. 2019). The unnamed Lycodon samples from Guangxi, southern China 
clustered in a monophyletic lineage with high nodal supports (BPP = 1.00 and = BS 
100). This lineage are genetically differentiated from all congeners with the uncor-
rected p-distance ≥ 7.9%, which is significant when compared with that between 
other recognized species (e.g., p-distance = 2.7 % between L. flavozonatus and L. 
meridionalis, p-distance 6.8 % between L. futsingensis and L. namdongensis, and p-
distance = 6.7–7.1 % between L. liuchengchaoi and L. multizonatus). The phylogenetic 
placement of the new lineage is largely unresolved, even though it forms the sister 
taxon to the clade composed of L. futsingensis and L. namdongensis while the nodal 
support is insignificant.
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Moreover, it is noteworthy that the unnamed Lycodon possesses significant mor-
phological differences that can be easily distinguished from all other congeners (see 
below). Therefore, based on the combination of molecular and morphological data, we 
describe the unnamed population from Huaping Nature Reserve, Guangxi, southern 
China as a new species, Lycodon cathaya sp. nov.

Taxonomic account

Lycodon cathaya sp. nov.
http://zoobank.org/BA36B7DE-36BD-4B3C-A317-BF4B8E451A26
Figures 3A, 4, 5A, B

Holotype. SYS r001542, adult male, collected on 20 July 2016 by Jian Wang 
from Huaping Nature Reserve (25.62521N, 109.91376E (DD); ca 1000 m a.s.l.), 
Longsheng County, Guilin City, Guangxi Zhuang Autonomous Region, China.

Table 3. Uncorrected p-distances among Lycodon species based on partial mitochondrial CYTB gene.

ID Lycodon species 1–2 3 4–5 6–7 8–10 11–12 13–16 17–18 19–20
1–2 Lycodon cathaya 

sp. nov.
0

3 L. banksi 9.6 –
4–5 L. butleri 17.3 20.2 0
6–7 L. cavernicolus 17 18.7 9.6 0
8–10 L. fasciatus 12–13.7 14.6–16.3 10.4–11.5 9.8–10.7 0.7–1.8
11–12 L. flavozonatus 9.3 10.1 18 17.4 14.2–14.6 0
13–16 L. futsingensis 8.9 9.5 16.9 17.1 14.8–15.4 9.2 0
17–18 L. gongshan 14.5–14.7 14.9–15.1 8.9–9.1 7.6–7.7 7.1–8.5 14.1–14.3 14.1–14.3 0.1
19–20 L. laoensis 16.6–17.4 17–17.2 20.1–21.3 17.6–19.2 16.3–17.9 16.6–17.2 17.8–18.8 15.4–17 0.2
21–22 L. liuchengchaoi 16.3–16.5 17–17.2 13.7–13.8 13.4–13.5 12.3–13 16.3–16.5 14.6–14.8 10.1–10.5 18.7–20.1
23 L. namdongensis 7.9 8.8 17.1 16.5 14.2–15.2 8 6.8 14.3–14.5 17.2–18.2
24–25 L. meridionalis 7.9 9.6 17.2 17.4 13.1–13.6 2.7 8.5 13.7–13.9 15.9–16.5
26–27 L. multizonatus 14.8–15.1 16–16.7 14.2–14.5 15.6–15.8 12.7–13 16.1–16.5 14.6–15.4 11.9–12.1 18–19.4
28–29 L. pictus 14.3–14.7 15.7–15.9 14.2–14.8 15.3–16 12.8–13.6 13.8–14.2 14.9 12–12.5 17.6–18.6
30–31 L. rufozonatus 10.7–11.2 12.2–12.7 17.1 17.9–18.6 15.2–15.9 8.9–9.4 10.1–11 14.5–14.8 17.7–18.7
32–35 L. ruhstrati 14–14.4 15.9–16.3 13.4–13.6 12.9–13.1 12.2–13.2 13.8–14 15.1–15.3 9.7–10.3 16–17.6
36 L. semicarinatus 11.2 12.2 17.7 18.9 15.2–15.5 11.8 12.8 15.1–15.3 18.1–18.3
37–38 L. subcinctus 15.8 17.3 18.4 16.5 16.2–16.8 15.5 16.2 16.1–16.3 15.7–16.5
39–40 L. synaptor 16.6 18 15.4 13 12.8–13 15.3 15.4 11.5–11.6 18.9–19.5

ID Lycodon species 21–22 23 24–25 26–27 28–29 30–31 32–35 36 37–38 39–40
21–22 L. liuchengchaoi 0.1
23 L. namdongensis 15.7–15.9 –
24–25 L. meridionalis 15.3–15.5 8.1 0
26–27 L. multizonatus 6.7–7.1 15.2–15.9 15.3 1.6
28–29 L. pictus 9.5–9.7 14.1–14.5 14 10–10.4 0.6
30–31 L. rufozonatus 15.9–16.7 10.4–10.6 9.4–9.6 15.2–15.7 14–15.1 2
32–35 L. ruhstrati 11.5–11.9 14.9–15.3 13.4–13.6 10.6–11.1 10.8–11.4 14–14.6 0–0.3
36 L. semicarinatus 16.4–16.6 12.3 11.2 15.6 15.9–16.1 10.5–10.9 15–15.4 –
37–38 L. subcinctus 17.9–18.1 16.1 15.9 17.9–18.1 16.1–17.1 16.4–17 13.6–13.8 17.9 0–0.3
39–40 L. synaptor 14–14.2 15.4 15.1 14.3–14.7 12.2–12.4 14.1–14.5 11.1–11.2 17.1–17.6 17.6 0
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Paratypes. SYS r001630, adult male, collected on 2 September 2016 by Jian Wang 
from Huaping Nature Reserve (25.62667N, 109.91351E (DD); ca 850 m a.s.l.).

Etymology. The specific name cathaya is a noun referring to the monotypic bo-
tanic genus Cathaya Chun & Kuang, 1958. The single species C. argyrophylla Chun 
& Kuang, 1958 is an endangered relict plant, and was firstly discovered from Huaping 
Nature Reserve by the investigation team of Sun Yat-sen University. In memory of the 
predecessors and their contributions on the taxonomy of Chinese flora and fauna, we 
denominate this new snake species from Huaping Nature Reserve as Lycodon cathaya 
sp. nov. Its common name is suggested as “Huaping wolf snake” in English and “Hua 
Ping Bai Huan She (花坪白环蛇)” in Chinese.

Diagnosis. Lycodon cathaya sp. nov. can be differentiated from its congeners by the 
combination of the following morphological characters: (1) dorsal scales in 17–17–15 rows, 
smooth throughout; (2) supralabials eight, third to fifth in contact with eye, infralabials 9; 
(3) ventral scales 199–200 (plus two preventral scales), subcaudals 78; (4) loreal single, elon-
gated, in contact with eye or not, not in contact with internasals; (5) a single preocular not 
in contact with frontal, supraocular in contact with prefrontal, two postoculars; (6) maxil-
lary teeth 10 (4+2+2+2); (7) two anterior temporals, three posterior temporals; (8) precloa-
cal plate entire; (9) ground color from head to tail brownish black, with 31–35 dusty rose 
bands on body trunk, 13–16 on tail; (10) bands in 1–2 vertebral scales broad in minimum 
width; (11) bands separate ground color into brownish black ellipse patches, similar ar-
rangement in a row along the top of body and tail; (12) elliptical patches in 3–6 scales of the 
vertebral row in maximum width; (13) ventral surface of body with a wide brownish black 
strip, margined with a pair of continuous narrow greyish white ventrolateral lines.

Comparisons. The detailed comparisons among all Lycodon congeners are given in 
Table 1, with distinguishing characters marked in bold.

In our phylogenetic tree (Fig. 2), Lycodon cathaya sp. nov. (Figs 3A, 4, 5A, B) 
is relatively close to L. futsingensis (Figs 3B, 5C) and L. namdongensis. However, the 
new species possesses significant morphological differences: (1) 10 maxillary teeth (vs. 
MT 12–15 in L. futsingensis), bands on dorsal body and tail link with each other and 
separate ground color into ellipse patches (vs. bands on dorsal body and tail separate 
with each other in L. futsingensis), venter line on ventral body margined with a pair 
of continuous ventrolateral line (vs. ventrolateral lines discontinuous, interrupted by 
black patches in L. futsingensis); (2) ten maxillary teeth (vs. MT 12 in L. namdongensis), 
nine infralabials (vs. IFL ten in L. namdongensis), two postocular (vs. PtO 3 in L. nam-
dongensis), three posterior temporals (vs. pTMP 3 in L. namdongensis), ventral scales 
199–200 (vs. V 218 in L. namdongensis), dorsal body with 31–35 dusty rose bands (vs. 
dorsal body with 23 greyish cream bands in L. namdongensis).

Lycodon cathaya sp. nov. can be further distinguished from L. ruhstrati (Figs 3C, 
5D), which used to be confused with L. futsingensis, to which it is morphologically 
similar (Pope 1935; Vogel et al. 2009), by the following morphological characters: 
(1) dorsal scales smooth throughout (vs. dorsum with keeled scales); (2) subcaudals 
78 (vs. subcaudals ≥ 90); (3) bands on dorsal body and tail link with each other and 
separate ground color into ellipse patches (vs. bands on dorsal body and tail separate 
with each other); (4) ventral with a brownish black venter strip margined with a pair 
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Figure 3. General aspects in life and close-ups of body scales of A Lycodon cathaya sp. nov. (SYS r001542, 
holotype) from Huaping Nature Reserve, Guangxi, China B L. futsingensis (SYS r002123) from Gaoping 
Nature Reserve, Shaoguan City, Guangdong, China, and C L. ruhstrati (SYS r001631) from Huaping 
Nature Reserve, Guangxi, China.

of continuous greyish white ventrolateral lines (vs. brownish black venter strip absent, 
and ventrolateral lines discontinuous, interrupted by black patches).

Lycodon cathaya sp. nov. can be significantly distinguished from L. albofuscus, 
L. banksi, L. butleri, L. capucinus, L. cardamomensis, L. carinatus, L. cavernicolus, 
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L. davidi, L. fasciatus, L. flavozonatus, L. gammiei, L. gibsonae, L. gongshan, L. 
gracilis, L. liuchengchaoi, L. meridionalis, L. multifasciatus, L. nympha, L. orientalis, 
L. paucifasciatus, L. rosozonatus, L. semicarinatus, L. septentrionalis, L. sidiki, L. 
subannulatus, L. subcinctus, L. synaptor, L. tristrigatus and L. zoosvictoriae by its smooth 
dorsal scales (vs. dorsal body with keeled scales). By having dorsal scales in 17–17–
15 rows, Lycodon cathaya sp. nov. can be easily distinguished from L. alcalai (DSR 
19–17–15), L. bibonius (DSR 19–17–15), L. chrysoprateros (DSR 19–17–15), L. 
davisonii (DSR ?–13–?), L. dumerilii (DSR 19–17–15), L. fausti (DSR 19–17–15), L. 
ferroni (DSR ?–13–?), L. kundui (DSR 15–15–15), L. muelleri (DSR 19–17–15), L. 
philippinus (DSR ?–15–?), L. solivagus (DSR 19–17–15) and L. stormi (DSR ?–19–?). 
From the remaining 18 congeners, Lycodon cathaya sp. nov. can be easily distinguished 
from L. ophiophagus, L. pictus, and L. zawi by having fewer maxillary teeth; from L. 
anamallensis, L. effraenis, L. flavicollis, L. flavomaculatus, L. hypsirhinoides, L. laoensis, 

Figure 4. General aspect of Lycodon cathaya sp. nov. (SYS r001542, holotype) in life when observed.
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L. striatus, and L. travancoricus by having fewer supralabials; from L. anamallensis, 
L. aulicus, L. effraenis, L. flavicollis, L. flavomaculatus, L. hypsirhinoides, L. laoensis, 
L. multizonatus, L. ophiophagus, L. pictus, and L. striatus by having fewer infralabials 
and from L. mackinnoni by having more infralabials; from L. aulicus, L. flavicollis, 
L. flavomaculatus, L. hypsirhinoides, L. jara, L. laoensis, L. mackinnoni, L. multizonatus, 
L. sealei, L. striatus, L. tessellatus, and L. tiwarii by having an entire precloacal plate (vs. 
precloacal plate divided); from L. jara, L. mackinnoni, and L. striatus by having more 

Figure 5. Comparative characters of head scalation and color patterns (in preservative) of A Lycodon 
cathaya sp. nov. (SYS r001542, holotype) B Lycodon cathaya sp. nov. (SYS r001630, paratype) C L. futsin-
gensis (SYS r002123), and D L. ruhstrati (SYS r001631). Scale bars: 10 mm.
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ventrals and from L. pictus, L. tessellatus, and L. tiwarii by having fewer ventrals; from 
L. anamallensis, L. flavicollis, L. hypsirhinoides, L. jara, L. laoensis, L. flavomaculatus, 
L. mackinnoni, L. multizonatus, L. striatus, L. tessellatus and L. zawi by having more 
subcaudals and from L. ophiophagus and L. pictus by having fewer subcaudals; from L. 
effraenis and L. sealei by the presence of a single loreal (vs. loreal absent).

Description of holotype. Adult male. Body slender, TL 562.5 mm (SVL 451.4 mm, 
TaL 111.1 mm, TaL/TL ratio 0.198); dorsal scales in 17–17–15 rows, smooth through-
out, the vertebral scales not enlarged; head elongate, moderately distinct from neck, 
rather flattened, longer than wide, and narrow anteriorly, HL 17.2 mm, HW 11.1 mm 
(HW/HL ratio 0.643); eye large, ED 2.2 mm, pupil vertically elliptic; rostral triangular, 
much broader than high, barely visible from above; nostril lateral, located in the middle 
of nasal; nasal divided into two scales by nostril; two internasals, anteriorly rounded, al-
most as wide as high, bordered by two large, pentagonal prefrontals posteriorly; a single 
enlarged hexagonal frontal, narrowed posteriorly; parietals paired, longer than wide, in 
contact with each other medially, with upper anterior and posterior temporals, parapa-
rietal laterally and four nuchal scales posteriorly; paraparietal slightly elongate, nearly 
rectangular; one elongated loreal on each side, in contact with eye, not in contact with 
internasals; one preocular located above loreal, in contact with eye and supraocular 
posteriorly, with prefrontal anteriorly, and not in contact with frontal; two postoculars, 
almost equal in length, upper one in contact with eye anteriorly, with supraocular and 
parietal, and with upper temporal posteriorly, lower one in contact with eye anteriorly, 
with anterior temporals posteriorly, and with fifth and sixth supralabials below; eight 
supralabials on each side, first and second in contact with nasal, third to fifth entering 
orbit; nine infralabials on each side, first pair in broad contact with each other, first 
to fourth in contact with anterior pair of chin shields, fourth to fifth in contact with 
posterior chin shields; two pairs of chin shields, elongate, anterior pair larger, second 
pair meeting in midline; two anterior temporals, almost equal in size, three posterior 
temporals, upper one smallest, lower one largest; 199 ventrals plus two preventrals; 78 
pairs of subcaudals, excluding tail tip; precloacal plate entire.

Dentition. 10 (4+2+2+2) maxillary teeth on both sides, four small anterior teeth, 
enlarged posteriorly; two noticeably enlarged snag shaped teeth (second largest); two 
moderately enlarged teeth; two moderately enlarged kukri liked teeth (the anterior 
one larger, both with posterior cutting edges). Diastemas present between the above-
mentioned maxillary teeth groups.

Hemipenis. Hemipenis elongated, apex not fully everted after injection of forma-
lin. Truncus bulbous, lower 1/3 smooth without spines, spine ornamentation starting 
at upper part with somewhat enlarged, medium sized spines. Apex with dense micro-
spines. Sulcus spermaticus stretches to base of apex. Apex not fully everted, ending 
somewhat widened with an oblique opening, with microspines inside.

Coloration of holotype. In life (Figs 3A, 4), dorsal surface of head brownish 
black, a distinctly dusty rose collar band that crosses over the head and nape of the 
neck; ventral surface of head almost white, mental, the 1st–3rd supralabials and the 
anterior pair of chin shields with brownish black patches, the 4th and 5th and the pos-
terior pair of chin shields with brownish black mottles. Ground color of dorsal surface 
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brownish black, with 35 transverse dusty rose bands on body trunk and 16 similarly 
colored bands on tail, including two incomplete bands between collar band and the 
first complete transverse band; each band in 1–2 scales of the vertebral row in mini-
mum width and widen laterally to a width of 3–4 scales; bands link with each other in 
ventrolateral body and tail, and separate the ground color into brownish black ellipse 
patches: such patches in 3–6 scales of the vertebral row in maximum width, and ar-
ranged in a row along the top of body and tail; a brownish black ventrolateral blotch on 
each ventrolateral side of bands. Middle of each ventral with irregular brownish black 
blotches forming a relatively continuous venter strip, and greyish white on both sides, 
forming a pair of continuous ventrolateral lines, which run in parallel along the venter 
strip. Subcaudals almost entirely light brown. In preservative (Fig. 5A), the collar band 
faded to beige, bands become darker, and the ventral surface faded to beige.

Variations. Measurements, body proportions and scale counts of the two speci-
mens are listed in Table 4. The paratype has a relatively small and faint collar band, 
just crossing over the nape of the neck; dorsal bands are faint and there are more dark 
brown speckles than in the holotype. It appears that this specimen represents an older 
age group than the holotype, and differences in coloration may indicate an ontogenetic 
development. The loreal is in contact with eye in the holotype, while the loreal is sepa-
rated from the eye by the preocular and the third supralabial.

Distribution and habits. Currently, Lycodon cathaya sp. nov. is only known from its 
type locality, Huaping Nature Reserve (Fig. 1; ca 850–1000 m a.s.l.), and is sympatric 
with L. meridionalis and L. ruhstrati. All of them are nocturnal species. The holotype was 
observed climbing on a wilted bush by the roadside, approximately half a meter above 
the ground (Fig. 4). The paratype and an individual of its sympatric species L. ruhstrati 

Table 4. Measurements, scale counts, and body proportions of Lycodon cathaya sp. nov.

Voucher number
Character 1542 1630

Age adult adult
Sex male male
SVL 451.4 730.1
TaL 111.1 180.5
TL 562.5 910.6
TaL/TL 0.198 0.198
HL 17.2 23.3
HW 11.1 14.6
HW/HL 0.643 0.627
ED 2.2 3.0
DSR 17–17–15 17–17–15
SpL 8 8
IfL 9 9
IFL-1CS 1st–4th 1st–4th

IFL-2CS 4th–5th 4th–5th

CS 2 2
V 199 200
Sc 78 78
S-V Bands 35 31
TaL Bands 16 13
MT 10 10
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is (Fig. 3C) were found on the ground on the same night. The surrounding environment 
consisted of well-preserved montane evergreen broad-leaved forest or mixed forest.

Discussion

The description of Lycodon cathaya brings the total species number of this genus to 64, 
16 of which occur in China. The new discovery further emphasizes the very high diversi-
ty level of the genus Lycodon (Zhao 1981; Zhao et al. 1998; Zhao 2006; Luo et al. 2010).

The Huaping Nature Reserve is located in the hilly region among Guangxi, 
Hunan, and Guizhou. Thus, the new species is expected to occur in southwestern 
Hunan and southeastern Guizhou. The area within the jurisdiction of Huaping Na-
ture Reserve has been well valued and protected by relevant local departments, with 
a considerable amount of research and investigation efforts having been conducted. 
However, further research on the true distribution, population sizes and trends, 
habitat conditions and conservation actions are urgently needed in the potential 
distribution areas outside the jurisdiction of Huaping Nature Reserve. Moreover, 
since the rapid and notable developments on the knowledge about the Chinese 
herpetofauna, the hilly regions in southern China have received more attention 
and a number of new species have been discovered in the recent years (Chen et al. 
2018; Li et al. 2018; Lyu et al. 2018; Peng et al. 2018; Sung et al. 2018; Wang et al. 
2018ab; Chen et al. 2019; Lyu et al. 2019ab; Wang et al. 2019abc; Wang et al. 
2020ab); this in turn strengthens appeals for more powerful and targeted conserva-
tion actions in these regions.
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Appendix I

Examined specimens

Lycodon flavozonatus (N = 11): Nanling Nature Reserve, Guangdong, China: SYS 
r000819; Mt. Jinggang, Jiangxi, China: SYS r000317, 001956, 001972; Mt. 
Huanggang, Jiangxi, China: SYS r000640; Mt. Bamian, Hunan, China: SYS 
r001357, 001358, 001360, 001778; Mt. Wuyi, Fujian, China: SYS r001722; Mt. 
Dongbai, Zhejiang, China: SYS r001772.

Lycodon futsingensis (N = 9): Nanling Nature Reserve, Guangdong, China: SYS 
r000051, 000054; Mt. Wutong, Shenzhen, Guangdong, China: SYS r000617, 
001016; Gaoping Nature Reserve, Shaoguan, China: SYS r001542, 001630, 
001667, 002123; Shimentai Nature Reserve, Guangdong, China: SYS r001494.

Lycodon liuchengchaoi (N = 1): Shimentai Nature Reserve, Guangdong, China: SYS 
r002114.

Lycodon meridionalis (N = 5): Heishiding Nature Reserve, Guangdong, China: 
SYS r001355, 002053; Mt. Jiuwan, Guangxi, China: SYS r001812; Mt. Dayao, 
Guangxi, China: SYS r002326, 002327.

Lycodon rosozonatus (N = 2): Jianfengling, Hainan, China: SYS r001617; Bawan-
gling, Hainan, China: SYS r002164.

Lycodon rufozonatus (N = 3): Mt. Jinggang, Jiangxi, China: SYS r000318; Mt. Bam-
ian, Hunan, China: SYS r001361; Mt. Tiantai, Zhejiang, China: SYS r001770.

Lycodon ruhstrati (N = 7): Mt. Jiulian, Jiangxi, China: SYS r001309; Jiangshi Na-
ture Reserve, Fujian, China: SYS r001275; Mt. Jinggang, Jiangxi, China: SYS 
r001256; Mt. Qiyun, Jiangxi, China: SYS r000882; Mt. Bamian, Hunan, China: 
SYS r001362; Huaping Nature Reserve, Guangxi, China: SYS r001631, 001633.

Lycodon subcinctus (N = 13): Sun Yet-sen University, Zhuhai, Guangdong, China: 
SYS r001013; Heishiding Nature Reserve, Guangdong, China: SYS r001523, 
001757; Neilingding Island, Shenzhen, Guangdong, China: SYS r001155, 
001511; Tiegang Reservoir, Shenzhen, Guangdong, China: SYS r001430; Malu-
anshan Country Park, Shenzhen, Guangdong, China: SYS r002146; Shimentai 
Nature Reserve, Guangdong, China: SYS r001943, 002021; Mt. Diaoluo, Hain-
an, China: SYS r001621; Xishuangbanna, Yunnan, China: SYS r000689, 000690.
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Abstract
Four new species of Pholidobolus lizards are described from poorly explored areas in the Andes of southern 
Ecuador based on morphological and genetic evidence. Among other morphological characters, Pho-
lidobolus samek sp. nov. and P. condor sp. nov. differ from their congeners in having green dorsolateral 
stripes on head. Males of P. condor sp. nov. differ from those of P. samek sp. nov. in having reddish flanks 
and venter. P. dolichoderes sp. nov. is distinguished by having a long neck, with more scales between orbit 
and tympanum, whereas P. fascinatus sp. nov. is distinguished by lacking enlarged medial scales on collar 
and a conspicuous vertebral stripe. In addition, the phylogenetic position of the new species is inferred 
using DNA sequences of mitochondrial and nuclear genes. The phylogeny supports strongly monophyly 
of each of the new species and renders P. macbrydei paraphyletic and split into six subclades. Available data 
suggest that the new species have restricted distribution ranges (< 100 km2 each), and it is proposed that 
their classification be as Data Deficient or Critically Endangered species. The results reveal unexpected 
levels of diversity within Pholidobolus in the Andes of southern Ecuador and highlight the importance of 
improving scientific collections and conservation efforts in this area.
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Introduction

The uplift of the Andes mountains was one of the most influential geological events for 
the evolution and diversification of the South American biota during the Cenozoic. For 
example, it created many habitats and microclimates that became important centers of 
biodiversity and endemism (Pérez-Escobar et al. 2017). Therefore, the evolution of diverse 
Andean taxa is a complex research topic that has attracted the attention of many scientists 
(Castoe et al. 2004, Torres-Carvajal et al. 2015, Betancourt et al. 2018, Moravec et al. 
2018, Lehr et al. 2019). With more than 250 species, Gymnophthalmidae is one of the 
most diverse lizard clades in the Neotropics. The uplift of the Andes had a strong influ-
ence on the radiation of gymnophthalmid lizards, resulting in high levels of diversity and 
endemism along the Tropical Andes (Torres-Carvajal et al. 2016; Moravec et al. 2018).

Pholidobolus lizards are among the most prominent gymnophthalmids in the 
northern Andes. They are small (SVL ≤ 60 mm), terrestrial, oviparous, and restricted 
to the Andes of Colombia, Ecuador, and northern Peru at elevations between 1800 
and 4100 m (Hurtado-Gómez et al. 2018; Torres-Carvajal et al. 2014; Venegas et al. 
2016). Pholidobolus is currently known to include ten species: P. affinis, P. anomalus, 
P. dicrus, P. hillisi, P. macbrydei, P. montium, P. paramuno, P. prefrontalis, P. ulisesi, and 
P. vertebralis, of which three were described in recent years. Remarkably, P. anomalus 
is the only species in the genus that occurs in southern Peru (Cusco), but its generic 
identity remains questionable (Torres-Carvajal and Mafla-Endara 2013).

The study of Pholidobolus and other gymnophthalmid taxa has been often ham-
pered by the paucity of specimens in collections. For example, the recent description 
of P. paramuno reveals the importance of increased sampling effort in the Paramo eco-
system in the northern Andes of Colombia. Similarly, recent collections in poorly ex-
plored areas of the southern Andes of Ecuador yielded new specimens of Pholidobolus 
lizards, which we were unable to assign to any of the currently recognized species. Based 
on these specimens, here we combine evidence from morphology and DNA sequences 
to describe four new species of Pholidobolus and infer their phylogenetic affinities.

Materials and methods

Genetic data

Total genomic DNA was digested and extracted from liver or muscle tissue using a 
guanidinium isothiocyanate extraction protocol. Tissue samples were first mixed with 
Proteinase K and a lysis buffer and digested overnight prior to extraction. DNA sam-
ples were quantified using a Nanodrop ND-1000 (NanoDrop Technologies, Inc.), re-
suspended and diluted to 25 ng/μl in ddH2O prior to amplification.

Using primers and amplification protocols from the literature (Pellegrino et al. 2001; 
Torres-Carvajal and Mafla-Endara 2013), we obtained 1,493 aligned nucleotides (nt) 
encompassing three mitochondrial genes, 12S (339 nt), 16S (533 nt), and ND4 (621 nt) 
from 16 individuals of the four new species herein described, as well as 21 individuals of 
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Pholidobolus macbrydei. In addition, we obtained 411 nucleotides of the Dynein Axone-
mal Heavy Chain 3 (DNAH3) nuclear gene from 65 individuals of Anadia rhombifera, 
Macropholidus annectens, M. huancabambae, M. labiopunctatus, M. ruthveni, Pholidobolus 
affinis, P. dicrus, P. hillisi, P. macbrydei, P. montium, P. prefrontalis, P. ulisesi, P. vertebralis, 
and the four new species. DNAH3 was amplified using the primers DNAH3_f1 (GG-
TAAAATGATAGAAGAYTACTG) and DNAH3_r6 (CTKGAGTTRGAHACAAT-
KATGCCAT). The amplification protocol consisted of 1 cycle of initial denaturation 
for 5 min at 95 °C, 40 cycles of denaturation for 35s at 94 °C, annealing for 1 min at 
72 °C, and extension for 1 min at 72 °C, as well as a final extension for 10 min at 72 °C 
(Townsend et al. 2008). Positive PCR products were visualized in agarose electrophoretic 
gels and treated with ExoSAP-IT to remove unincorporated primers and dNTPs. Cycle 
sequencing reactions were carried out by Macrogen Inc. GenBank accession numbers of 
sequences generated in this study are shown in Table 1. After incorporating GenBank se-
quences, our data matrix for phylogenetic analyses contained 74 taxa and 1904 characters.

Phylogenetic analyses

Data were assembled and aligned in Geneious v5.4.6. (Kearse et al. 2012) under 
default settings for MAFFT Multiple Alignment (Katoh and Toh 2010). ND4 and 
DNAH3 sequences were translated into amino acids for confirmation of alignment. 
The best-fit nucleotide substitution models and partitioning scheme were chosen si-
multaneously using PartitionFinder v2.1.1 (Lanfear et al. 2012) under the Bayesian 
Information Criterion (BIC). Genes were combined into a single dataset with four 
partitions: (i) 1st codon position of ND4 and 12S [GTR + I + G]; (ii) 2nd codon posi-
tion of ND4, 1st codon and 2nd codon positions of DNAH3 [HKY + I + G]; (iii) 3rd 
codon position of ND4 [GTR + G]; (iv) 16S and 3rd codon position of DNAH3 [SYM 
+ I + G]. Both maximum likelihood (ML) and Bayesian inference (BI) methods were 
used to obtain the optimal tree topology of the combined, partitioned dataset using 
the programs RAxML v.8.2.12 (Stamatakis 2014) and MrBayes v3.2.6 (Ronquist et al. 
2012), respectively. The ML analysis was performed under the GTRGAMMA model 
for all partitions. Nodal support (BS) was assessed with the rapid bootstrapping algo-
rithm under the MRE-based Boot-stopping criterion (252 replicates). For BI analysis, 
all parameters were unlinked between partitions (except topology and branch lengths), 
and rate variation (prset ratepr = variable) was invoked. Four independent runs, each 
with four MCMC chains, were set for ten million generations, sampling every 10,000 
generations. All analyses were performed using the CIPRES platform (Miller et al. 
2010). Results were analyzed in Tracer 1.6 (Rambaut and Drummond 2007) to assess 
convergence and effective sample sizes (ESS) for all parameters, based on which the 
first 10% of trees were removed from each run. The remaining trees were used to calcu-
late posterior probabilities (PP) for each bipartition in a Maximum Clade Credibility 
Tree. The phylogenetic trees were visualized and edited using FigTree v1.4.2 (Rambaut 
2014). In order to address interspecific genetic differentiation, uncorrected genetic 
distances were calculated in MEGA 7 (Kumar et al. 2016) after removing ambiguous 
positions for each sequence pair (pairwise deletion option).
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Table 1. Vouchers, locality data, and GenBank accession numbers of taxa included in this study. Se-
quences added in this study are in bold.

Taxon Voucher Locality GenBank number GenSeq 
Nomenclature12S 16S ND4 DNAH3

Anadia 
rhombifera

QCAZ 11862 QCAZ 11862; 
Ecuador: Cotopaxi: 
San Francisco de Las 

Pampas

KU902135 KU902216 KU902291 MN849427 genseq-4

Macropholidus 
annectens 

QCAZ 11120 Ecuador: Loja: 15 km 
E Loja

KC894341 KC894355 KC894369 MN849430 genseq-4

QCAZ 11121 Ecuador: Loja: 15 km 
E Loja

KC894342 KC894356 KC894370 MN849431 genseq-4

Macropholidus 
huancabambae

CORBIDI 
10492

Peru: Piura: 
Huancabamba: Las 

Pozas

KC894343 KC894357 KC894371 MN849428 genseq-4

CORBIDI 
10493

Peru: Piura: 
Huancabamba: Las 

Pozas

KC894344 KC894358 KC894372 – genseq-4

CORBIDI 
10496

Peru: Piura: 
Huancabamba: Las 

Pozas

KC894345 KC894359 KC894373 MN849429 genseq-4

Macropholidus 
labiopunctatus

CORBIDI 
12932

Peru: Piura: Ayabaca KP874774 KP874826 KP874936 MN849432 genseq-4

Macropholidus 
ruthveni

CORBIDI 
4281

Peru: Lambayeque: 
El Totora

KC894354 C894368  C894382 MN849433 genseq-4

Pholidobolus 
affinis

QCAZ 9641 Ecuador: Cotopaxi: 
San Miguel de 

Salcedo, Cutuchi 
River

KC894348 C894362  C894376 MN849435 genseq-4

QCAZ 9900 Ecuador: 
Chimborazo: Colta

KC894349 KC894363 KC894377 – genseq-4

Pholidobolus 
condor sp. nov.

QCAZ 16788 Ecuador: Morona-
Santiago: el Quimi

MN724005 MN720239 MN717135 MN849464 genseq-2 

QCAZ 16789 Ecuador: Morona-
Santiago: el Quimi

MN724006 MN720240 MN717134 MN849465 genseq-2

QCAZ 16790 Ecuador: Morona-
Santiago: el Quimi

MN724007 MN720241 MN717136 MN849466 genseq-2

QCAZ 15844 Ecuador: Morona-
Santiago: el Quimi

MN723996 MN720230 MN717125 MN849434 genseq-1 

Pholidobolus 
dicrus

QCAZ 5304 Ecuador: Morona-
Santiago: Guarumales

KP874776 KP874828 KP874938 MN849436 genseq-4

QCAZ 6936 Ecuador: 
Tungurahua: Río 

Blanco

– KP874829 KP874939 MN849437 genseq-4

Pholidobolus 
dolichoderes sp. 
nov.

QCAZ 16349 Ecuador: Cañar: Oña MN724000 MN720234 MN717129 MN849459 genseq-2
QCAZ 16350 Ecuador: Cañar: Oña MN724001 MN720235 MN717130 MN849460 genseq-2
QCAZ 16351 Ecuador: Cañar: Oña MN724002 MN720236 MN717131 MN849461 genseq-2
QCAZ 16352 Ecuador: Cañar: Oña MN724003 MN720237 MN717132 MN849462 genseq-2
QCAZ 16353 Ecuador: Cañar: Oña MN724004 MN720238 MN717133 MN849463 genseq-1

Pholidobolus 
fascinatus sp. 
nov.

QCAZ 15118 Ecuador: El Oro: 
Chillacocha

MN724017 MN720251 MN717146 MN849476 genseq-2

QCAZ 15120 Ecuador: El Oro: 
Chillacocha

MN724018 MN720252 MN717147 MN849477 genseq-1

QCAZ 15122 Ecuador: El Oro: 
Chillacocha

MN724019 MN720253 – MN849478 genseq-2

QCAZ 15170 Ecuador: El Oro: 
Chillacocha

MN724020 MN720254 MN717148 MN849479 genseq-2



Systematics of Pholidobolus lizards 113

Taxon Voucher Locality GenBank number GenSeq 
Nomenclature12S 16S ND4 DNAH3

Pholidobolus 
hillisi

QCAZ 4998 Ecuador: Zamora-
Chinchipe: near San 
Francisco Research 

Station 

KP090167 KP090170 KP090173 MN849438 genseq-4

QCAZ 4999 Ecuador: Zamora-
Chinchipe: near San 
Francisco Research 

Station 

KP090169 KP090172 KP090175 MN849439 genseq-4

QCAZ 5000 Ecuador: Zamora-
Chinchipe: near San 
Francisco Research 

Station 

KP090168 KP090171 KP090174 MN849440 genseq-4

“Pholidobolus 
macbrydei”

KU 218406 Ecuador: Azuay: 
Cuenca 

AY507848 AY507867 AY507886 – genseq-4

QCAZ 9914 Ecuador: Azuay: 
Guablid

KC894352 KC894366 KC894380 MN849441 genseq-4

QCAZ 9932 Ecuador: Azuay: 20 
km on road Cuenca-

El Cajas

KC894353 KC894367 KC894381 MN849442 genseq-4

QCAZ 9947 Ecuadro: Cañar: 
Cañar

MN724012 MN720246 MN717141 MN849474 genseq-4

QCAZ 10051 Ecuador: Cañar: 
Río Guallicanga, 
quebrada Juncal

MN724014 MN720248 MN717143 MN849472 genseq-4

QCAZ 10052 Ecuador: Cañar: 
Río Guallicanga, 
quebrada Juncal

MN724015 MN720249 MN717144 MN849473 genseq-4

QCAZ 10050 Ecuador: Cañar: 
A 1000 m de la 

Panamericana Juncal

MN724013 MN720247 MN717142 MN849471 genseq-4

QCAZ 15811 Ecuador: Cañar: 
Mazar

MN724021 MN720255 MN717149 MN849480 genseq-4

QCAZ 15812 Ecuador: Cañar: 
Mazar

MN724022 MN720256 MN717150 MN849481 genseq-4

QCAZ 15813 Ecuador: Cañar: 
Mazar

MN724023 MN720257 MN717151 MN849482 genseq-4

QCAZ 15814 Ecuador: Cañar: 
Mazar

MN724024 MN720258 MN717152 – genseq-4

QCAZ 15815 Ecuador: Cañar: 
Mazar

MN724025 MN520259 MN717153 – genseq-4

QCAZ 15816 Ecuador: Cañar: 
Mazar

MN724026 MN720260 MN717154 MN849483 genseq-4

QCAZ 15817 Ecuador: Cañar: 
Mazar

MN724027 MN720261 MN717155 MN849484 genseq-4

QCAZ 15818 Ecuador: Cañar: 
Mazar

MN724028 MN720262 MN717156 MN849485 genseq-4

QCAZ 15819 Ecuador: Cañar: 
Mazar

MN724029 MN720263 MN717157 MN849486 genseq-4

QCAZ 15820 Ecuador: Cañar: 
Mazar

MN724030 MN720264 MN717158 MN849487 genseq-4

QCAZ 15823 Ecuador: Cañar: 
Mazar

MN724031 MN720265 MN717159 MN849488 genseq-4

QCAZ 15824 Ecuador: Cañar: 
Mazar

MN724032 MN720266 MN717160 MN849489 genseq-4

QCAZ 6945 Ecuador: Loja: 
Jimbura

MN724008 MN720242 MN717137 MN849467 genseq-4

QCAZ 6946 Ecuador: Loja: 
Jimbura

MN724009 MN720243 MN717138 MN849468 genseq-4
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Taxon Voucher Locality GenBank number GenSeq 
Nomenclature12S 16S ND4 DNAH3

“Pholidobolus 
macbrydei”

QCAZ 10054 Ecuadro: Loja: 
Colambo Yacuri 

Forest

MN724016 MN720250 MN717145 MN849475 genseq-4

QCAZ 7894 Ecuador: El Oro: 
Guanazán 

MN724011 MN720245 MN717140 MN849470 genseq-4

QCAZ 7891 Ecuador: El Oro: 
Guanazán 

MN724010 MN720244 MN717139 MN849469 genseq-4

Pholidobolus 
montium

QCAZ 4051 Ecuador: Pichincha: 
Quito

KC894346 KC894360 KC894374 MN849443 genseq-4

QCAZ 9044 Ecuador: Pichincha: 
Tababela

KC894347 KC894361 KC894375 MN849444 genseq-4

Pholidobolus 
paramuno

MHUAR 
12451

Colombia: Antoquia MK215018 MK215032 MK215046 – genseq-4

MHUAR 
12480

Colombia: Antoquia MK215019 MK215033 MK215047 – genseq-4

MHUAR 
12481

Colombia: Antoquia MK215020 MK215034 MK215048 – genseq-4

Pholidobolus 
prefrontalis

QCAZ 9908 Ecuador: 
Chimborazo: Alausí

KC894350 KC894364 KC894378 – genseq-4

QCAZ 9951 Ecuador: 
Chimborazo: Tixán

KC894351 KC894365 KC894379 MN849448 genseq-4

Pholidobolus 
samek sp. nov.

QCAZ 14954 Ecuador: Zamora 
Chinchipe: Cerro 

Plateado

MN723997 MN720231 MN717126 MN849445 genseq-2

QCAZ 14955 Ecuador: Zamora 
Chinchipe: Cerro 

Plateado

MN723998 MN720332 MN717127 MN849446 genseq-1

QCAZ 14956 Ecuador: Zamora 
Chinchipe: Cerro 

Plateado

MN723999 MN720233 MN717128 MN849447 genseq-2

Pholidobolus 
ulisesi

CORBIDI 
12735

Peru: Cajamarca: 
Jaen: Huamantanga 

Forest

KP874787 KP874839 KP874948 MN849449 genseq-4

CORBIDI 
12737

Peru: Cajamarca: 
Jaen: Huamantanga 

Forest

KP874788 KP874840 KP874949 – genseq-4

CORBIDI 
1679

Perú: Chota: La 
Granja 

KP874786 KP874838 KP874947 MN849450 genseq-4

Pholidobolus 
vertebralis

QCAZ 10667 Ecuador: Pichincha: 
Santa Lucía de 

Nanegal 

KP874784 KP874836 KP874946 MN849455 genseq-4

QCAZ 10750 Ecuador: Pichincha: 
Santa Lucía de 

Nanegal 

KP874785 KP874837 KP874947 MN849458 genseq-4

QCAZ 5057 Ecuador: Carchi: 
Chilma Bajo

KP874778 KP874830 KP874940 MN849451 genseq-4

QCAZ 8687 Ecuador: Carchi: 
Chilma Bajo

KP874779 KP874831 KP874941 MN849452 genseq-4

QCAZ 8688 Ecuador: Carchi: 
Chilma Bajo

KP874780 KP874832 KP874942 MN849453 genseq-4

QCAZ 8689 Ecuador: Carchi: 
Chilma Bajo

KP874781 KP874833 KP874943 MN849454 genseq-4

QCAZ 8717 Ecuador: Carchi: 
next to Chilma Bajo

KP874782 KP874834 KP874944 MN849456 genseq-4

QCAZ 8724 Ecuador: Carchi: 
next to Chilma Bajo

KP874783 KP874835 KP874945 MN849457 genseq-4
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Specimens and morphological data

We examined 98 specimens of Pholidobolus macbrydei (Appendix I) and 41 of the new 
species described herein (see corresponding type series). All specimens are deposited 
in the herpetological collection at Museo de Zoología, Pontificia Universidad Católica 
del Ecuador, Quito (QCAZ). The following measurements were taken with a digital 
caliper (to the nearest 0.1 mm):

AGD axilla-groin distance;
HL head length;
HW head width;

ShL shank length;
SVL and snout-vent length.

Tail length (TL) was measured with a ruler. Sex was determined by dissection or 
by noting the presence of everted hemipenes. We followed the terminology of Monta-
nucci (1973) and Kizirian (1996) for morphological characters.

Because the new species are similar in morphology to Pholidobolus macbrydei, we 
assessed the degree of differentiation among them with a Principal Components Anal-
ysis (PCA) in R (R Core Team 2018). The PCA was based on 16 quantitative mor-
phological characters: (1) number of supraoculars (NSO), (2) number of scales along 
margin of upper jaw (SUJ), (3) number of scales along margin of lower jaw (SLJ), 
(4) number of gular and jaw scales (SGJ), (5) number of ventrals (SGV), (6) number 
of dorsals (DEL), (7) number of temporals (NTS), (8) number of scales around body 
(SAB), (9) number of scales around tail (SAT), (10) number of supradigital scales of 
third finger (SF3), (11) number of supradigital scales of fifth finger (SF5), (12) number 
of supradigital scales of third toe (ST3), (13) number of supradigital scales of fourth 
toe (ST4), (14) number of supradigital scales of fifth toe (ST5), (15) lower eyelid scales 
(LES), and (16) collar scales (i.e., posterior transverse row of gulars; SGC) (Peters 
1964, Montanucci 1973).

Hemipenes were prepared following the procedures described by Manzani and Abe 
(1988), as modified by Pesantes (1994) and Zaher (1999). Organs were everted after 
immersion in a potassium hydroxide solution, the retractor muscles were manually 
separated, and the everted organs filled with blue-stained petroleum jelly. Hemipenes 
were then immersed in an alcoholic solution of Alizarin Red for 24 hours in order to 
stain eventual calcified structures (e.g., spines or spicules), in an adaptation proposed 
by Nunes et al. (2012) on the procedures described by Uzzell (1973) and Harvey and 
Embert (2008). The terminology of hemipenial structures follows previous literature 
(Dowling and Savage 1960; Hurtado-Gómez et al. 2018; Nunes et al. 2012; Sánchez-
Pacheco et al. 2017; Savage 1997; Venegas et al. 2016).

Systematics

The taxonomic conclusions of this study are based on the observation of morpho-
logical features and color pattern, as well as inferred phylogenetic relationships. We 
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consider this information as species delimitation criteria following a general lineage or 
unified species concept (de Queiroz 1998; 2007).

The new species share with all known species of Pholidobolus the presence of a 
ventrolateral fold between fore and hind limbs and the absence of a single transparent 
palpebral disc (Montanucci 1973).

results

Phylogenetic relationships and genetic distances

Tree topologies under ML and BI approaches were generally similar; here we describe 
the maximum clade credibility tree (Fig. 1). Our hypothesis supports the monophyly of 
Pholidobolus (BS= 60, PP = 0.99) and is congruent with previous molecular phylogenies 
in that P. ulisesi and P. hillisi form a clade (BS = 62, PP = 0.92) sister to all other congeners 
(Torres-Carvajal et al. 2015, 2016; Hurtado-Gómez et al. 2018). Following branching 
order, the strongly supported species pair P. affinis, P. montium is sister to all remaining 
species, which form a clade where (P. prefrontalis (P. paramuno (P. dicrus, P. vertebralis))) is 
sister to a subclade containing the new species described in this paper and a paraphyletic P. 
macbrydei. Hereafter we refer to the latter subclade as the “P. macbrydei” species complex.

The “P. macbrydei” species complex (BS = 81, PP = 1) is divided into two allopatric 
and strongly supported clades (Fig. 1) that include four new species described below and 
a paraphyletic “P. macbrydei” divided in six subclades (Clades A–F). A southeastern clade 
(BS = 99, PP = 1) contains P. condor sp. nov. as sister to (P. samek sp. nov., “P. macbrydei” 
Clade A [Loja province]). The ML tree recovered P. condor as sister to “P. macbrydei” Clade 
A with low support (BS = 58). A northwestern clade (BS = 85, PP = 0.96) is composed of 
“P. macbrydei” Clade B from Cañar province as sister to a clade that includes all remaining 
samples, in which P. fascinatus sp. nov. is nested along with “P. macbrydei” Clades C, D, 
and E (Azuay and Cañar provinces) in a strongly supported subclade (BS = 71, PP = 1) 
sister to the maximally supported (P. dolichoderes, “P. macbrydei” Clade F [El Oro prov-
ince]). All new species are strongly supported as monophyletic (BS ≥ 98, PP = 1).

Uncorrected p -genetic distances for 16S, 12S, and ND4 are presented in Tables 
2, 3, and 4, respectively. Distance values among all recognized species of Pholidobolus, 
the four new species described in this paper, and the six “P. macbrydei” clades range 
between 1 (e.g., P. condor sp. nov. vs. P. samek sp. nov., Clade C vs. Clade D)–10% 
(e.g., P. paramuno vs. P. dicrus) for 12S (average = 5% ± 0.01 SD); 1 (P. dolichoderes sp. 
nov. vs. Clade F)–6% (e.g., P. dicrus vs. P. ulisesi) for 16S (average = 4% ± 0.01 SD); 
and 4 (P. dolichoderes sp. nov. vs. Clade F)–19% (e.g., P. dicrus vs. P. vertebralis) for 
ND4 (average = 14% ± 0.03 SD). Maximum distance values within the “P. macbrydei” 
complex are 5% (Clade A vs. Clade F) for 12S, 4% (P. condor sp. nov. vs. Clade F) for 
16S, and 14% (Clade A vs. Clade F) for ND4. The genetic distances for the nuclear 
gene NDH3 are generally low (0–3%, average = 1% ± 0.01 SD).
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Figure 1. Phylogeny of Pholidobolus. Maximum clade credibility tree derived from a partitioned analysis 
of 1904 bp of mitochondrial and nuclear DNA. Bayesian posterior probabilities are shown above branches 
and bootstrap values (RAxML analysis) below branches; values ≤ 0.5 and 50, respectively, are not shown. For 
clarity, outgroup taxa and values on short branches are not shown. Species outside the “P. macbrydei” complex 
are in grey; new species described in this paper are in color matching the distribution records of the map in 
Figure 7. The species name followed by voucher number and province (“P. macbrydei” complex only) are 
provided for each terminal. Photographs from top to bottom: P. dolichoderes sp. nov. holotype, P. fascinatus sp. 
nov. holotype, “P. macbrydei” (Clade B) QCAZ 15824, P. samek sp. nov. holotype, P. condor sp. nov. holotype.
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Morphological comparisons among species

Two components with eigenvalues > 1.0 were extracted from the PCA (Table 5). These 
components accounted for 50.7% of the total variation. The highest loadings cor-
responded to supratympanic temporals (NTS) and number of scales along margin of 
upper jaw (SUJ) for PC I, and number of scales around the tail (SAT) and number of 
scales around the body (SAB) for PC II (Table 5). In general, there is wide overlap in 
morphological space among species of the “P. macbrydei” complex (Fig. 2).

Comparative hemipenial morphology

Hemipenes of holotypes of the four new species described herein are approximately 
4–5 mm and 5−7 subcaudal scales long. The organs are fully everted in specimens 
of P. fascinatus, P. condor, and P. samek and partially everted in P. dolichoderes; the 
hemipenes of the holotype of P. fascinatus and P. condor are fully expanded, whereas 
the organs of P. dolichoderes and P. samek are partially expanded (Fig. 3). All hemi-
penes have two small lobes detached from the hemipenial body when the organ 
is fully everted. The hemipenis of P. condor presents a distinctive capitular groove 
originating at the median hemipenial body and extending toward the lobes. The 
lobes of P. fascinatus, P. condor, and P. samek present folds on their tips, which are 
not visible in P. dolichoderes due to the partial eversion. The hemipenial body is 

Table 5. Character loadings, eigenvalues, and percentage of variance explained by Principal Components 
(PC) I and II. The analysis was based on 16 morphological characters of specimens of “Pholidobolus mac-
brydei”, Pholidobolus samek sp. nov., Pholidobolus condor sp. nov., Pholidobolus dolichoderes sp. nov. and P. 
fascinatus sp. nov. Highest loadings are in bold.

Variable PCA
PC I PC II

NSO 0.13 -0.11
SUJ 0.32 -0.15
SLJ 0.30 -0.10
SGJ 0.29 -0.07
SGV 0.31 0.25
DEL 0.30 0.33
NTS 0.32 -0.20
SAB 0.26 0.39
SAT 0.18 0.55
SF3 0.18 -0.11
SF5 0.22 -0.31
ST3 0.24 0.04
ST4 0.20 -0.12
ST5 0.29 -0.02
LES -0.05 0.20
SGC -0.22 0.35
Eigenvalue 6.51 1.60
% 40.69 9.99
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Figure 2. Principal components analysis of 16 morphological variables and 140 specimens of the “Pho-
lidobolus macbrydei” species complex. See Table 5 for character loadings on each component.

cylindrical in P. dolichoderes and P. condor, whereas in P. samek and P. fascinatus 
the body is conical, with the basis distinctly thinner than the rest of the body. The 
sulcus spermaticus is broad in P. fascinatus, P. dolichoderes, and P. samek, narrower 
in P. condor; in P. fascinatus and P. condor, the sulcus spermaticus is deeper than in 
P. dolichoderes and P. samek. The sulcus originates medially at the base of the organ 
and extends in a straight line throughout the body towards the lobes in all species. 
However, unlike P. dolichoderes and P. condor, the sulcus originates between thick 
lips in P. samek and P. fascinatus. In all species, the sulcus spermaticus bifurcates at 
the lobular crotch, with each branch extending along the medial face of each lobe.

The sides and borders of the sulcate and asulcate faces are ornamented with a series 
of roughly equidistant and chevron-shaped flounces, with the chevron vertices aligned 
medially on each side and directed proximally. All flounces bear calcified comb-like 
series of spicules, distinctively stained in red with Alizarin. The number of flounces 
extending along the hemipenial body varies slightly among species: 21 in P. condor and 
P. samek and 22 in P. dolichoderes and P. fascinatus. The base of the asulcate face bears 
three medial flounces in P. condor, P. dolichoderes, and P. samek, and four in P. fascinatus. 
All species have a conspicuous unevenness forming a bulge along the margins of the 
asulcate face.
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Figure 3. Comparative hemipenial morphology of Pholidobolus. Sulcate (left), lateral (center) and asul-
cate (right) views of: A Pholidobolus samek sp. nov. (QCAZ 14955) B Pholidobolus condor sp. nov. (QCAZ 
15844) C Pholidobolus dolichoderes sp. nov. (QCAZ 16353) D Pholidobolus fascinatus sp. nov. (QCAZ 
15120). Scale bar: 1 mm.

A

B

C

D
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systematic accounts

Pholidobolus samek sp. nov.
http://zoobank.org/431C8AD2-3164-4051-B7DC-1459C4949F51
Figures 4–6
Proposed standard English name: Green-striped cuilanes
Proposed standard Spanish name: Cuilanes de franjas verdes

Holotype. QCAZ 14955 (Figs 4, 5), adult male, Ecuador, Provincia Zamora-Chinchi-
pe, Cerro Plateado Biological Reserve, Cerro Plateado plateau, 4.6159S, 78.7870W, 
WGS84, 2844 m, 23 September 2016, collected by Diego Almeida, Eloy Nusirquia, 
Fernando Ayala, Javier Pinto, Alex Achig and Malki Bustos.

Paratypes (6). Ecuador: Provincia Zamora-Chinchipe: QCAZ 14954 (adult fe-
male), same data as holotype; QCAZ 14956 (adult female), Cerro Plateado Biological 
Reserve, 4.6050S, 78.8167W, WGS84, 2320 m, 28 September 2016; QCAZ 14969–
70, 14976–77(hatchlings) Cerro Plateado Biological Reserve, 4.6179S, 78.7838W, 
WGS84, 2873 m, 24 September 2016, same collectors as holotype.

Diagnosis. Pholidobolus samek is unique among its congeners, except P. condor 
sp. nov., in having green dorsolateral stripes on the head. However, adult males of 
P. samek differ from those of P. condor sp. nov. in having brighter dorsolateral head 
stripes and lacking a reddish venter. In addition, P. affinis, P. prefrontalis, P. macbrydei, 
P. dolichoderes sp. nov., and P. montium differ from P. samek (character states of P. samek 
in parentheses) in having a loreal scale frequently in contact with the supralabials (lo-
real scale not in contact with supralabials), and dorsal scales finely wrinkled (slightly 
keeled). Pholidobolus ulisesi and P. hillisi differ from P. samek in having a diagonal white 
bar along the rictal region (white rictal bar absent). Pholidobolus samek can be distin-
guished from P. dicrus by lacking a bifurcating vertebral stripe at midbody. Pholidobolus 
affinis, P. prefrontalis, P. dicrus, P. hillisi, and P. vertebralis further differ from P. samek 
in having well defined prefrontal scales (if present, prefrontal scales poorly differenti-
ated). Additionally, P. samek has fewer dorsal scales (27−29) than P. affinis (45−55), 
P. montium (35−50), P. prefrontalis (37−46), P. macbrydei (31−43), P. fascinatus sp. 
nov. (32−37), and P. dolichoderes sp. nov. (35−40). Pholidobolus samek can be further 
distinguished from P. fascinatus by having widened medial scales on collar, and from 
P. dolichoderes sp. nov. by having fewer temporals (4–5 and 7–9, respectively), fewer 
ventrals (19–21 and 25–27), and fewer gulars (15–18 and 22–23).

Characterization. (1) Two (rarely three) supraoculars, anteriormost slightly larger 
than posterior one; (2) prefrontals present or absent; (3) femoral pores absent in both 
sexes; (4) four to five opaque lower eyelid scales; (5) scales on dorsal surface of neck 
striated, becoming slightly keeled from forelimbs to tail; (6) two or three rows of lateral 
granules at midbody; (7) 27–29 dorsal scales between occipital and posterior margin 
of hindlimb; (8) lateral body fold present; (9) keeled ventrolateral scales on each side 
absent; (10) dorsum grayish brown with a distinct golden gray middorsal stripe, slen-
der at midbody, becoming pale gray towards tail; (11) labial stripe white or orange; 



Systematics of Pholidobolus lizards 125

(12) flanks of body dark brown; (13) conical hemipenial body, with sulcus spermaticus 
originating between thick lips.

Description of holotype. Adult male (QCAZ 14955) (Figs 4, 5); SVL 46.7 mm; 
TL 80.9 mm; dorsal and lateral head scales juxtaposed, finely wrinkled; rostral hexago-
nal, 2.06 times as wide as high; frontonasal irregularly quadrangular, wider than long, 
laterally in contact with nasal, loreal and first superciliary, slightly bigger than frontal; 
prefrontal scales absent; frontal longer than wide, in contact with one supraocular on 
the left side, and two on the right side; frontoparietals pentagonal, longer than wide, 
slightly wider posteriorly, each in contact laterally with supraocular II; interparietal 
roughly heptagonal; parietals slightly bigger than interparietal, hexagonal, and posi-
tioned anterolaterally to interparietal, each in contact anteriorly with supraocular II 
(and supraocular III on right side) and dorsalmost postocular; postparietals three, me-
dial scale smaller than laterals; seven supralabials, fourth one longest and below center 
of eye; six infralabials, fourth one shortest and below center of eye; temporals enlarged, 
irregularly hexagonal, juxtaposed, smooth; two large supratemporal scales, smooth; 
nasal slightly divided, irregularly pentagonal, longer than high, in contact with rostral 
anteriorly, first and second supralabials ventrally, frontonasal dorsally, loreal postero-
dorsally and frenocular posteroventrally; nostril on ventral aspect of nasal, directed 
lateroposteriorly; loreal rectangular, wider dorsally; frenocular higher than long, in 
contact with nasal, separating loreal from supralabials; two supraoculars on left side, 
three on right side (posteriormost much smaller), with the first one being the largest; 
four elongate superciliaries, first one enlarged, in contact with loreal; palpebral disc di-
vided into four enlarged, pigmented scales; suboculars three (on the left side the medial 
subocular is fragmented), elongated and homogeneous in size; two postoculars, the 
dorsalmost wider than the other; ear opening vertically oval, without denticulate mar-
gins; tympanum recessed into a shallow auditory meatus; mental semicircular, wider 
than long; postmental pentagonal, slightly wider than long, followed posteriorly by 
three pairs of genials, the anterior two in contact medially and the posterior one sepa-
rated by postgenials; all genials in contact with infralabials; gulars imbricate, smooth, 
posteriorly widened in two longitudinal rows; posterior row of gulars (collar) with six 
scales, the medial two widened.

Nuchal scales similar in size to dorsals, except for the anteriormost that are wid-
ened; scales on sides of neck small and granular; dorsal scales hexagonal, elongate, 
imbricate, arranged in transverse rows; scales on dorsal surface of neck striated, be-
coming progressively keeled from forelimbs to tail; number of dorsal scales between 
occipital and posterior margin of hindlimbs 27; dorsal scale rows in a transverse line 
at midbody 26; one longitudinal row of smooth, enlarged ventrolateral scales on each 
side; dorsals separated from ventrals by two rows of small scales at level of 13th row 
of ventrals; lateral body fold between fore and hindlimbs present; ventrals smooth, 
wider than long, arranged in 20 transverse rows between collar fold and preanals; six 
ventral scales in a transverse row at midbody; subcaudals smooth; axillary region with 
granular scales; scales on dorsal surface of forelimb striated, imbricate; scales on ventral 
surface of forelimb granular; two thick, smooth thenar scales; supradigitals (left/right) 
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Figure 4. Holotype of Pholidobolus samek sp. nov. (QCAZ 14955) in dorsal (A), ventral (B), and lateral 
(C) views. Male, SVL = 46.7 mm. (A, B): preserved specimen; (C): live specimen. Photographs by Darwin 
Nuñez and Valeria Chasiluisa.

A

B

C
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Figure 5. Head of holotype of Pholidobolus samek sp. nov. (QCAZ 14955) in lateral (A), dorsal (B), and 
ventral (C) views. Photographs by Valeria Chasiluisa. Scale bar: 5 mm. 

A

B

C
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3/3 on finger I, 6/7 on II, 8/8 on III, 9/9 on IV, 6/6 on V; supradigitals 3/4 on toe 
I, 6/6 on II, 10/9 on III, 11/12 on IV, 7/7 on V; subdigital lamellae of fingers I and 
II single, paired on III (except the four distalmost), paired at base on IV, on finger V 
all single; subdigital lamellae 5/5 on finger I, 11/12 on II, 15/16 on III, 17/16 on IV, 
9/10 on V; subdigital lamellae on toes I and II single, on toe III, IV and V all paired, 
except for the three distalmost subdigitals; subdigital lamellae 6/6 on toe I, 11/10 on 
II, 16/15 on III, 21/21 on IV, 14/14 on V; groin region with small, imbricate scales; 
scales on dorsal surface of hindlimbs smooth and imbricate; scales on ventral surface 
of hindlimbs smooth; scales on posterior surface of hindlimbs granular; femoral pores 
absent; preanal pores absent; cloacal plate paired, bordered by four scales anteriorly, of 
which the two medialmost are enlarged.

Additional measurements (mm) and proportions of the holotype: HL 11.4; HW 
7.4; ShL 7.0; AGD 23.9; TL/SVL 1.5; HL/SVL 0.2; HW/SVL 0.2; ShL/SVL 0.1; 
AGD/SVL 0.5.

Color of holotype in life. Dorsal background from head to base of tail grayish 
brown, with a golden light brown vertebral stripe extending from occiput to tail; bright 
green dorsolateral stripes on head; cream white longitudinal stripe extending from first 
supralabial to shoulder; sides of neck, flanks and limbs dark brown; reddish brown 
narrow stripe extending from tympanum to arm insertion; ventrolateral region of body 
grayish brown; throat cream; chest, belly and base of tail cream orange (Figs 4C, 6B).

Color of holotype in preservative. Dorsal background uniformly grayish brown, 
with a golden-gray vertebral stripe extending from occiput to tail; vertebral stripe wider 
anteriorly, becoming slightly slender at most posterior part of body; dorsal and lateral 
surfaces of head brown (rostral, frontonasal, frontal, frontoparietals, and supraoculars); 
bluish white longitudinal stripe extending from first supralabial to shoulder and fad-
ing on flanks; ventrolateral aspect of neck dark brown with a dorsolateral light brown 
stripe extending posteriorly along flanks to hindlimbs; forelimbs with scattered ocelli 
(black with white center); flanks grayish brown with two dorsolateral stripes on each 
side, the dorsal one dark brown and the most ventral one brown diffuse with dark 
brown spots; tail brown dorsally; ventral surface of head gray, chest and venter dark 
gray, ventral surface of tail slightly gray, with scattered dark brown marks.

Variations. Measurements and scale counts of Pholidobolus samek are presented in 
Table 6. Supralabials 8/7 (left/right) and temporals five in specimen QCAZ 14956; small 
and separated prefrontals on both sides in QCAZ 14954 and one prefrontal on right 
side in QCAZ 14956; little intrusive scales between parietal and postparietal in QCAZ 
14954; frontal hexagonal in QCAZ 14956; roughly decagonal interparietal in QCAZ 
14954. Usually two scales on posterior cloacal plate, four in QCAZ 14954 and 14956. 
Male is larger (SVL 46.7 mm, N = 1) than females (maximum SVL 45.4 mm, N = 2). 
Hatchlings (QCAZ 14969, 14970, 14976) with eight or seven (QCAZ 14976) posterior 
gular (collar) scales. Unlike the male holotype, females have an orange-brown longitudi-
nal stripe extending from third supralabial to shoulder and fading on the flanks (Fig. 6).

Distribution and natural history. Pholidobolus samek inhabits cloud forests in 
Cordillera del Cóndor, southeastern Ecuador at elevations between 2324−2844 m 
(Fig. 7). The new species is known only from Zamora-Chinchipe province, on the 
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Figure 6. Pholidobolus samek sp. nov. in life. A Adult female, paratype (QCAZ 14954) B adult male, 
holotype (QCAZ 14955).

A

B

sandstone plateaus of Cerro Plateado Biological Reserve. The ground at the type local-
ity is covered with mosses, roots, and bromeliads. Such ground cover is locally known 
as bamba. All specimens were found active at 11h30–17h00 under stones or terrestrial 
bromeliads (Fig. 8). Four eggs, collected under flat stones on 24-09-2016, were incu-
bated in sphagnum and perlite in captivity for two months approximately. They were 
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Table 6. Summary of morphological characters and measurements (mm) of Pholidobolus samek sp. nov., 
P. condor sp. nov., P. dolichoderes sp. nov., and P. fascinatus sp. nov. Range (first line) and mean ± standard 
deviation (second line) are presented.

Character P. samek sp. nov. N = 7 
(adults = 3)

P. condor sp. nov. 
N = 4 (adults = 1)

P. dolichoderes sp. nov. 
N = 5 (adults = 3)

P. fascinatus sp. nov. 
N = 27 (adults = 4)

Scales along 
margin of upper 
jaw

7–10 (9.14 ± 1.07) 8–9 (8.75 ± 0.5) 9–11 (10.2 ± 0.84) 7–10 (8.36 ± 0.91)

Scales along 
margin of lower 
jaw

8–9 (8.25 ± 0.5) 5–10 (7.14 ± 2.67) 10–11 (10.2 ± 0.45) 4–10 (7.4 ± 1.58)

Gulars 15–18 (16.71 ± 1.11) 14–16 (15 ± 0.82) 22–23 (22.8 ± 0.48) 14–17 (15.72 ± 0.89)
Ventrals in 
transverse row at 
midbody

19–21 (20 ± 0.82) 18–20 (19 ± 1.15) 25–27 (25.8 ± 0.84) 21–25 (22.96 ± 1.21)

Dorsals from 
occiput to base 
of tail

27–29 (27.71 ± 0.76) 26–30 (27.75 ± 
1.71)

35–40 (36.8 ± 2.05) 32–37 (34.64 ± 1.19)

Temporals 4–5 (4.14 ± 0.38) 4–5 (4.25 ± 0.5) 7–9 (8 ± 0.70) 3–5 (3.44 ± 0.65)
Scales around 
midbody

25–32 (27.71 ± 2.75) 27–30 (28 ± 1.41) 31–33 (32.2 ± 0.84) 28–34 (30.96 ± 1.79)

Scales around tail 14–16 (15 ± 0.81) 14–20 (17.86 ± 
2.73)

18–19 (18.6 ± 0.55) 18–22 (20.32 ± 1.18)

Lower eyelid scales 4–5 (4.14 ± 0.38) 5 4–6 (4.8 ± 0.84) 4–6 (5.04 ± 0.61)
Gular (collar) 
scales

6–8 (7.14 ± 0.9) 6–9 (7.75 ± 1.26) 6–8 (6.4 ± 0.89) 9–12 (10.28 ± 0.73)

Head length in 
adults

9.9–11.4 (10.76 ± 
0.77)

11 9.7–10.6 (10.05 ± 0.46) 8.9–12.3 (10.22 ± 
1.80)

Head width in 
adults

6.5–7.4 (6.93 ± 0.48) 6.6 6.2–6.3 (6.26 ± 0.05) 6.6–9.2 (7.58 ± 1.45)

SVL in adults 41.6–49.3 (45.89 ± 
3.89)

42.7 41.1–50.6 (45.75 ± 
4.74)

42.6–52.5 (47.3 ± 
4.98)

14.0–14.1 mm long, 8.0–8.5 mm wide, and weighted 0.4 g on average. Hatchlings 
(QCAZ 14969–70, 14976–77) weighted 0.3 g and were 24.7 mm in SVL on average.

Conservation status. Pholidobolus samek is only known from Cordillera del Cón-
dor. The population size for this species is unknown, but our sampling suggests low 
abundances. Because of the small known distribution, as well as habitat destruction 
through mining activities nearby (Van Teijlingen 2016), we suggest assigning P. samek 
to the Critically Endangered category under criteria B1a, b(iii); C1; D, according to 
IUCN (2012) guidelines.

Etymology. The specific epithet samek means green in the Shuar language, in al-
lusion to the green dorsolateral head stripes distinguishing the new species from other 
congeners. The type locality of Pholidobolus samek lies within territory of Shuar indig-
enous people, who inhabit the Amazonian rainforest in Ecuador and Peru.

Remarks. Pholidobolus samek sp. nov. is very similar morphologically and genet-
ically to P. condor sp. nov. These species can be easily distinguished from each other 
by coloration in adult males, although we recognize that our sample size is small 
(N = 7 and 4, respectively) and includes only one adult male per species. However, 
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Figure 7. Distribution of samples of the “Pholidobolus macbrydei” species complex included in phylo-
genetic analyses. Circles correspond to four new species described in this paper: P. samek sp. nov. (red), 
P. condor sp. nov. (blue), P. dolichoderes sp. nov. (brown), and P. fascinatus sp. nov. (green). Triangles are 
“Pholidobolus macbrydei” clades as illustrated in the phylogenetic tree (Fig. 1): A (green) B (white) C (red) 
D (blue) e (black) F (turquoise). Orange diamond corresponds to type locality of P. macbrydei. This map 
was created in QGIS v3.10.

further evidence supports recognition of P. samek and P. condor as different species. 
First, they are reciprocally monophyletic and they are not sister taxa, with P. samek 
being sister to “P. macbrydei” Clade A (Fig. 1), which is very different in color pat-
terns from either P. samek or P. condor (V. Parra and O. Torres-Carvajal, personal ob-
servation). Second, unlike the 12S gene (the less variable gene in this study), genetic 
distances between P. samek and P. condor for 16S and ND4 are not the lowest (Tables 
2 and 4, respectively) within Pholidobolus. For example, the 16S distance between 
P. samek and P. condor (3%) is the same as the distance between the well-recognized 
species P. paramuno and P. affinis. In addition, genetic exchange among P. samek, P. 
condor and Clade A is very unlikely as they are isolated from each other on moun-
taintops above 2000 m (Fig. 7).

Pholidobolus condor sp. nov.
http://zoobank.org/BB38EC4E-634D-4728-BA30-412913E7D0E0
Figures 9, 10
Proposed standard English name: Condor cuilanes
Proposed standard Spanish name: Cuilanes del Cóndor
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Figure 8. Habitat of Pholidobolus samek sp. nov. A Vegetation around type locality, Cerro Plateado Bio-
logical Reserve, Ecuador B habitat where holotype was found. Photographs by Álvaro Pérez.

A

B
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Holotype. QCAZ 15844 (Figs 9, 10), adult male, Ecuador, Provincia Morona San-
tiago, buffer zone of El Quimi Biological Reserve, plateau on the eastern side of El 
Quimi river valley, 3.51892S, 78.3690W, WGS84, 2209 m, 11 July 2017, collected 
by Diego Almeida, Darwin Núñez, Eloy Nusirquia, Alex Achig and Ricardo Gavilanes.

Paratypes (3). Ecuador: Provincia Morona Santiago: QCAZ 16790 (hatchling), 
El Quimi Biological Reserve, base camp towards old heliport (high zone), 3.51894S, 
78.36897W, WGS84, 2226 m, 17 April 2018; QCAZ 16788–89 (hatchlings), El 
Quimi Biological Reserve, near base camp, 3.5182S, 78.3913W, WGS84, 1994 m, 12 
April 2018, collected by Diego Almeida, Darwin Núñez, Eloy Nusirquia, Alex Achig 
and María del Mar Moretta.

Diagnosis. Pholidobolus condor is unique among its congeners, except P. samek sp. 
nov., in having green dorsolateral stripes on the head. However, adult males of P. condor 
differ from those of P. samek sp. nov. in having lighter dorsolateral head stripes, and 
reddish flanks and venter. In addition, P. ulisesi, P. dicrus, P. hillisi, and P. vertebralis dif-
fer from P. condor (character states of P. condor in parentheses) in having a conspicuous 
light vertebral stripe (light vertebral stripe absent). Pholidobolus affinis, P. prefrontalis, 
P. dicrus, P. hillisi, and P. vertebralis further differ from P. condor in having prefrontal 
scales (prefrontal scales absent). Additionally, P. condor sp. nov. has fewer dorsal scales 
(26−30) than P. affinis (45−55), P. montium (35−50), P. prefrontalis (37−46), P. mac-
brydei (31−43), and P. dolichoderes sp. nov. (35−40). Pholidobolus condor can be further 
distinguished from P. fascinatus sp. nov. by having widened medial scales on collar, and 
from P. dolichoderes sp. nov. by having fewer temporals (7–9 and 4–5, respectively), 
fewer ventrals (18–20 and 25–27), and fewer gulars (14–16 and 22–23).

Characterization. (1) Two (rarely three) supraoculars, anteriormost larger than 
posterior one; (2) prefrontals absent; (3) femoral pores absent; (4) four opaque lower 
eyelid scales; (5) scales on dorsal surface of neck striated or smooth, progressively stri-
ated from forelimbs to tail; (6) two rows of lateral granules at midbody; (7) 27−31 
dorsal scales between occipital and posterior margin of hindlimb; (8) lateral body fold 
present; (9) keeled ventrolateral scales on each side absent; (10) dorsum dark brown 
with a narrow, pale brown stripe; (11) labial stripe white; (12) flanks of body dark 
brown or gray; (13) hemipenial body cylindrical with distinctive capitular groove.

Description of holotype. Adult male (QCAZ 15844) (Figs 9, 10); SVL 42.7 mm; 
TL 74.8 mm; dorsal and lateral head scales juxtaposed, finely wrinkled; rostral hexago-
nal, 1.67 times as wide as high; frontonasal quadrangular, slightly bigger than frontal, 
laterally in contact with nasal, loreal and first superciliary; prefrontal scales absent; frontal 
pentagonal, longer than wide, wider anteriorly, in contact with first superciliary and su-
praocular; frontoparietals hexagonal, longer than wide, slightly wider in the middle, each 
in contact laterally with supraocular II; interparietal octagonal, with a short medial suture 
posteriorly, lateral borders nearly parallel to each other; parietals larger than interparietal, 
hexagonal and positioned anterolaterally to interparietal, each in contact laterally with 
supraocular II and dorsalmost postocular; postparietals three, medial scale smaller than 
lateral ones; eight supralabials, fourth one longest and below center of eye; six infralabials, 
fourth one below center of eye; temporals enlarged, irregularly hexagonal, smooth; two 
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Figure 9. Holotype of Pholidobolus condor  sp. nov. (QCAZ 15844) in dorsal (A), ventral (B), and 
lateral (C) views. Male, SVL = 42.7 mm. Preserved specimen (A); live specimen (B, C). Photographs 
by Malki Bustos.
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Figure 10. Head of holotype of Pholidobolus condor sp. nov. (QCAZ 15844) in lateral (A), dorsal (B), 
and ventral (C) views. Photographs by Valeria Chasiluisa. Scale bar: 5 mm.
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B

C



Vanessa Parra et al.  /  ZooKeys 954: 109–156 (2020)136

large and smooth supratemporals; nasal shield slightly divided above nostril, irregularly 
pentagonal, longer than high, in contact with rostral anteriorly, first and second suprala-
bials ventrally, frontonasal dorsally, loreal posterodorsally and frenocular posteroventral-
ly; nostril on ventral aspect of nasal, directed laterally; loreal quadrangular, slightly wider 
dorsally, not in contact with supralabials; frenocular higher than long, in contact with na-
sal; nasal separating loreal from supralabials; two supraoculars, anteriormost one the wid-
est; four elongate superciliaries, anteriormost enlarged, in contact with loreal; palpebral 
disc divided into five pigmented scales; four suboculars, anteriormost three elongated 
and homogeneous in size, posteriormost widest; two postoculars, the dorsalmost wider 
than the other; ear opening vertically oval, without denticulate margins; tympanum re-
cessed into a shallow auditory meatus; mental wider than long; postmental pentagonal, 
slightly wider than long, followed posteriorly by three pairs of genials, the anterior two 
pairs in contact medially and the third pair separated by postgenials; all genials in contact 
with infralabials; gulars imbricate, smooth, widened in two longitudinal rows; posterior 
row of gulars (collar) with nine scales, the medial three slightly widened.

Nuchal scales slightly smaller than dorsals, except for the anteriormost that are 
widened; scales on sides of neck small and granular; dorsal scales elongate, imbricate, 
arranged in transverse rows; scales on dorsal surface of neck striated, becoming progres-
sively keeled from forelimbs to tail; dorsal scales between occipital and posterior mar-
gin of hindlimbs 27; dorsal scale rows in a transverse line at midbody 27; one longitu-
dinal row of smooth, enlarged ventrolateral scales on each side; dorsals separated from 
ventrals by two rows of small scales at the level of 13th row of ventrals; lateral body fold 
between fore and hindlimbs present; ventrals smooth, wider than long, arranged in 20 
transverse rows between collar fold and preanals; six ventral scales in a transverse row 
at midbody; subcaudals smooth; axillary region with granular scales; scales on dorsal 
surface of forelimb striated, imbricate; scales on ventral surface of forelimb granular; 
two thick, smooth thenar scales; supradigitals (left/right) 3/3 on finger I, 6/6 on II, 
8/8 on III, 9/9 on IV, 6/6 on V; supradigitals 3/3 on toe I, 6/6 on II, 9/9 on III, 12/12 
on IV, 7/7 on V; subdigital lamellae of finger I, II, III, and V single, on finger IV few 
scales in the middle paired; subdigital lamellae 6/6 on finger I, 11/11 on II, 15/15 on 
III, 17/16 on IV, 10/10 on V; subdigital lamellae on toes I and II single, on toes III, 
IV and V paired, except for two or three distalmost subdigitals; subdigital lamellae 7/6 
on toe I, 12/12 on II, 15/16 on III, 22/22 on IV, 12/12 on V; groin region with small, 
juxtaposed scales; scales on dorsal surface of hindlimbs striated and imbricate; scales on 
ventral surface of hindlimbs smooth; scales on posterior surface of hindlimbs granular; 
femoral pores absent; preanal pores absent; cloacal plate paired, bordered by four scales 
anteriorly, of which the two medialmost are enlarged.

Additional measurements (mm) and proportions of the holotype: HL 11.0; HW 
6.6; ShL 5.8; AGD 20.4; TL/SVL 1.7; HL/SVL 0.3; HW/SVL 0.2; ShL/SVL 0.1; 
AGD/SVL 0.5.

Color of holotype in life. Dorsal background from head to base of tail dark brown, 
with a golden brown vertebral stripe extending from occiput to tail; greenish cream 
dorsolateral stripes on head, becoming light brown on posterior part of body; white 
longitudinal stripe extending from first supralabial to shoulder; sides of neck, flanks 
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and limbs dark brown; chocolate brown narrow stripe extending from tympanum to 
arm insertion; ventrolateral region of body grayish brown; throat reddish cream; chest, 
belly, base of tail and lateral region of tail bright orange, with brown marks in some 
scales; ventral surface of hind limbs with orange diffuse marks (Fig. 9B,C).

Color of holotype in preservative. Dorsal background uniformly dark brown 
with a grayish brown middorsal stripe extending from occiput onto tail; dorsolateral 
stripe distinct, pale gray, extending from snout to near base of tail; head brown dorsally 
(rostral, frontonasal, frontal, frontoparietals and supraoculars) and dark brown lateral-
ly; white longitudinal stripe extending from first supralabial to forelimb; lateral aspect 
of neck dark brown with a dorsolateral light brown stripe extending posteriorly along 
flanks to hindlimbs; flanks grayish brown; tail dark brown dorsally and bronze later-
ally; ventral surface of head gray, with dirty cream genials and scattered black marks; 
chest, belly and ventral surface of tail light gray with light red spots; ventral surface of 
limbs dark gray (Fig. 9A).

Variations. Measurements and scale counts of Pholidobolus condor are presented in 
Table 6. Supraoculars three on left side in specimen QCAZ 16789; supralabials six in 
QCAZ 16789 and 16790, and seven in QCAZ 16788; two quadrangular frontonasals 
in QCAZ 16788; transverse rows of ventral scales between collar fold and preanals 18 
in QCAZ 16788 and 19 in QCAZ 16790. Hatchlings with eight (QCAZ 16788–89) 
or six (QCAZ 16790) posterior gular (collar) scales. Unlike the adult male, hatchlings 
lack reddish color on tail.

Distribution and natural history. Pholidobolus condor occurs in Cordillera del 
Cóndor in southeastern Ecuador at elevations between 1994–2226 m. The new species 
is known from El Quimi Biological Reserve in Morona Santiago province (Fig. 7). The 
holotype was found active at 21h14 at the base of a bromeliad on a sandstone plateau 
of shrub vegetation (Fig. 11).

Several eggs were found within a bromeliad, suggesting that females of P. condor 
lay their eggs in communal nests. Four eggs that were found on the ground at the base 
of bromeliads and under a trunk were incubated in sphagnum and perlite in captiv-
ity for approximately three months. On average, hatchlings weighted 0.4 g and were 
23.7 mm in SVL.

Conservation status. Pholidobolus condor is only known from Cordillera del Cón-
dor in southeastern Ecuador. This area is currently threatened by mining activities 
(Ron et al. 2018; Valencia et al. 2017; Van Teijlingen 2016). Habitat destruction and 
fragmentation is evident at a distance of ~11 km from the collection sites (Mazabanda 
et al. 2018). Because of the small known distribution and habitat disturbance, we sug-
gest assigning P. condor to the Critically Endangered category under criteria B1a, b(iii); 
C1; D, according to IUCN (2012) guidelines.

Etymology. The specific epithet condor refers to Cordillera del Cóndor, where the 
new species was discovered. The Cordillera del Cóndor is an eastern outlier of the main 
Andean chain, where a significant number of species have been discovered in the last 
decade (Brito et al. 2017; Huamantupa-Chuquimaco and Neill 2018; Ron et al. 2018; 
Torres-Carvajal et al. 2009; Valencia et al. 2017).

Remarks. See remarks on Pholidobolus samek sp. nov. above.
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Figure 11. Habitat of Pholidobolus condor sp. nov. at El Quimi Biological Reserve, Ecuador. Photographs 
by Álvaro Pérez.

Pholidobolus dolichoderes sp. nov.
http://zoobank.org/95D82201-D761-40F4-8395-4AAC38F24563
Figures 12–14
Proposed standard English name: Long-necked cuilanes
Proposed standard Spanish name: Cuilanes de cuello largo

Holotype. QCAZ 16353 (Figs 12, 13), adult male, Ecuador, Provincia Azuay, San 
Felipe de Oña, 3.4292S, 79.2364W, WGS84, 2672 m, 16 March 2018, collected by 
Diego Almeida, Darwin Núñez, Eloy Nusirquia, Alex Achig and Katherine Nicolalde.

Paratypes (4). Ecuador: Provincia Azuay: QCAZ 16349, 16352 (adult females), 
San Felipe de Oña, Susudel-Poetate road, 3.4322S, 79.2369W, WGS84, 2506 m, 16 
March 2018; QCAZ 16350–51 (juveniles), San Felipe de Oña, 3.4275S, 79.2339W, 
WGS84, 2675 m, 16 March 2018, same collectors as holotype.

Diagnosis. Pholidobolus dolichoderes is unique among its congeners in having a 
long neck with granular scales between the posterior corner of the orbit and the ante-
rior edge of the tympanum, as well as an inconspicuous ventrolateral fold between fore 
and hindlimbs. In addition, P. ulisesi, P. dicrus, P. hillisi, and P. vertebralis differ from P. 
dolichoderes in having a conspicuous light vertebral stripe. The new species further dif-
fers from P. affinis in lacking ocelli on flanks, and from P. condor sp. nov., P. macbrydei, 
and P. montium in having prefrontal scales. Pholidobolus dolichoderes has more dorsals 
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(35–40) and ventrals (25–27) than P. samek sp. nov. (27–29 and 19–21, respectively) 
and P. condor sp. nov. (26–30 and 18–20), and, unlike P. fascinatus sp. nov., it has wid-
ened medial scales on collar. In addition, P. dolichoderes has more temporals (7–9) and 
gulars (22–23) than P. samek sp. nov. (4–5 and 15–18, respectively), P. condor sp. nov. 
(4–5 and 14–16), and P. fascinatus sp. nov. (3–5 and 14–17).

Figure 12. Holotype of Pholidobolus dolichoderes sp. nov. (QCAZ 16353) in life in dorsal (A), ventral 
(B), and lateral (C) views. Male, SVL = 41.1 mm. Photographs by Gustavo Pazmiño.
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Figure 13. Head of holotype of Pholidobolus dolichoderes sp. nov. (QCAZ 16353) in lateral (A), dorsal 
(B), and ventral (C) views. Photographs by Valeria Chasiluisa. Scale bar: 5 mm.
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Characterization. (1) Three supraoculars, anteriormost larger than posterior ones; 
(2) prefrontals present; (3) femoral pores present in both sexes; (4) four to six opaque 
lower eyelid scales; (5) scales on dorsal surface of neck smooth, becoming slightly 
keeled from forelimbs to tail; (6) two or three rows of lateral granules at midbody; 
(7) 35−20 dorsal scales between occipital and posterior margin of hindlimb; (8) lateral 
body fold present but inconspicuous; (9) keeled ventrolateral scales on each side ab-
sent; (10) dorsum dark brown with a diffuse pale brown vertebral stripe that becomes 
grayish brown towards tail; (11) labial stripe white; (12) flanks of body gray brown; 
(13) white stripe along forelimb present; (14) hemipenial body cylindrical, with sulcus 
spermaticus originating between thick lips.

Description of holotype. Adult male (QCAZ 16353) (Figs 12, 13); SVL 41.1 mm; 
TL 96.3 mm; dorsal and lateral head scales imbricated, smooth; rostral hexagonal, 1.75 
times as wide as high; frontonasal heptagonal, slightly wider than long, laterally in con-
tact with nasal, similar in size to frontal; prefrontals present, in wide contact medially, 
and in contact with loreal and first superciliary laterally; frontal hexagonal, longer than 
wide, wider anteriorly, in contact with first and second supraoculars; frontoparietals 
hexagonal, longer than wide, slightly wider posteriorly, each in contact with second 
and third supraoculars, parietals and interparietal; interparietal heptagonal, lateral bor-
ders nearly parallel to each other; parietals wider than interparietal, heptagonal, and 
positioned anterolaterally to interparietal, each in contact with third supraocular and 
dorsalmost postocular; postparietals three, medial scale smaller than lateral ones; seven 
supralabials, fourth one the longest and below center of eye; five infralabials, fourth one 
below center of eye; temporals small, irregularly, smooth; supratemporal scales not well 
differentiated, smooth; nasal shield divided above the nostril, longer than high, in con-
tact with rostral anteriorly, first and second supralabials ventrally, frontonasal dorsally, 
loreal posteriorly; loreal pentagonal, slightly wider dorsally, in contact with second and 
third supralabials; frenocular longer than high, in contact with loreal; three supraocu-
lars, with the first one being the widest; four elongate superciliaries, anteriormost one 
enlarged, in contact with loreal; palpebral disc oval, pigmented, divided into four scales; 
four suboculars, two elongated and similar in size, the anteriormost and posteriormost 
larger than the others; three postoculars, dorsalmost wider than the others; ear opening 
vertically oval, without denticulate margins; tympanum recessed into a shallow audi-
tory meatus; mental wider than long; postmental pentagonal, slightly wider than long, 
followed posteriorly by three pairs of genials, the anterior two pairs in contact medially 
and the third pair separated by postgenials; all genials in contact with infralabials; gulars 
imbricate, smooth, widened in two longitudinal rows; gular fold complete, posterior 
row of gulars (collar) with six scales, the medial two distinctly widened.

Nuchal scales slightly smaller than dorsals, except for the anteriormost that are 
widened; scales on sides of neck small and granular; dorsal scales elongate, juxtaposed, 
arranged in transverse rows; scales on dorsal surface of neck striated, becoming slightly 
keeled from forelimbs to tail; dorsal scales between occipital and posterior margin of 
hindlimbs 35; dorsal scale rows in a transverse line at midbody 32; one longitudinal 
row of smooth, enlarged ventrolateral scales on each side; dorsals separated from ven-
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trals by three rows of granular scales at level of 13th row of ventrals; lateral body fold 
between fore and hindlimbs poorly defined; ventrals smooth, arranged in 26 transverse 
rows between collar fold and preanals; six ventral scales in a transverse row at midbody; 
subcaudals smooth; axillary region with granular scales; scales on dorsal surface of 
forelimb smooth, imbricate; scales on ventral surface of forelimb granular; two thick, 
smooth thenar scales; supradigitals (left/right) 3/0 on finger I, 7/7 on II, 9/8 on III, 
10/10 on IV, 5/5 on V; supradigitals 4/4 on toe I, 7/7 on II, 11/11 on III, 12/11 on IV, 
9/8 on V; subdigital lamellae of fingers I and II mostly single, III and IV paired proxi-
mally, on finger V all single; subdigital lamellae 5 on left finger I (right finger missing), 
10/10 on II, 14/14 on III, 14/14 on IV, 9/9 on V; subdigital lamellae on toe I single, 
on toe II paired at the middle, on toe III and IV paired along proximal half, and on toe 
V paired proximally; subdigital lamellae 5/5 on toe I, 10/10 on II, 14/14 on III, 18/19 
on IV, 11/11 on V; groin region with small, imbricate scales; scales on dorsal surface of 
hindlimbs striated and imbricate; scales on ventral surface of hindlimbs smooth; scales 
on posterior surface of hindlimbs granular; femoral pores present, three on left leg and 
five on right leg; preanal pores absent; cloacal plate paired, bordered by four scales 
anteriorly, of which the two medialmost are enlarged.

Additional measurements (mm) and proportions of the holotype: HL 9.8; HW 
6.2; ShL 5.4; AGD 20.7; TL/SVL 2.4; HL/SVL 0.2; HW/SVL 0.1; ShL/SVL 0.1; 
AGD/SVL 0.5.

Color of holotype in life. Dorsal background of head dark brown; diffuse pale 
brown vertebral stripe that becomes grayish brown towards tail; creamy white dor-
solateral stripes on head extending posteriorly and fading away at midbody; white 
longitudinal stripe extending from first supralabial to shoulder; sides of neck brown; 
flanks grayish brown with diffuse dark brown marks; limbs brown; ventrolateral region 
of body grayish brown; throat and chest cream; belly grayish cream; base of tail gray 
with dark little spots (Figs 12, 14B).

Color of holotype in preservative. Dorsal background uniformly brown with 
a diffuse light brown vertebral stripe extending from occiput onto tail, but fading at 
posterior end of body; dorsal and ventral surface of head brown; flanks light brown, 
with scattered dark brown spots; head and neck with two distinct white longitudinal 
stripes, the ventral one extending from first supralabial to forelimb, and the dorsal one 
from canthus rostralis to scapular region, posterior to which if fades into a light brown 
stripe; lateral aspect of neck dark brown; tail grayish brown; gular, chest and venter 
regions pale gray; ventral surface of tail and limbs gray.

Variations. Measurements and scutellation data of Pholidobolus dolichoderes are 
presented in Table 6. Superciliaries 4/5 (left/right) in specimen QCAZ 16350; palpe-
bral disc divided into 5/6 scales in QCAZ 16352 and 3/5 in QCAZ 16351; frontona-
sal pentagonal in QCAZ 16349–52; prefrontals pentagonal in QCAZ 16349, 16350 
and 16352; two rows of lateral granules at midbody in QCAZ 16439, 16350 and 
16351. Usually six gular (collar) scales, eight in QCAZ 16349. Male is smaller (SVL 
41.1 mm, N = 1) than females (maximum SVL 48.1 mm, N = 2).
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Adult females differ from holotype in having a grayish brown vertebral stripe, 
fading away posteriorly, and grayish brown flanks (Fig. 14). Juvenile QCAZ 16350 
differs from holotype in having grayish brown flanks, without scattered dark brown 
spots; juvenile QCAZ 16351 is unique in having white spots on flanks and over 
forelimbs.

Distribution and natural history. Pholidobolus dolichoderes is known to occur be-
tween 2506−2675 m in San Felipe de Oña, southwestern Azuay province (Fig. 7). This 
area is composed of many different landscapes including small valleys, desert areas and 
wet paramo. Most specimens were found active at day (10h26–15h30), mostly on the 
ground or near spiny ground bromeliads known as achupallas (Puya sp.).

Conservation status. Pholidobolus dolichoderes is only known from unprotected 
localities around Oña. The population size of this species is unknown, but our sam-
pling suggests low abundances. Because of the small known distribution and lack of 
additional data, we suggest assigning P. dolichoderes to the Data Deficient category ac-
cording to IUCN (2012) guidelines.

Etymology. The specific epithet dolichoderes derives from the Greek words do-
likhós, meaning long, and derē, meaning neck, in allusion to the distinctively long neck 
of this species.

Figure 14. Close-up of head and neck of Pholidobolus dolichoderes sp. nov. in life. QCAZ 16349 (A adult 
female); QCAZ 16353 (B male holotype). Photographs by Gustavo Pazmiño.
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Pholidobolus fascinatus sp. nov.
http://zoobank.org/C5EC3F40-41DF-4A7D-A3AA-C2C8A6EF81C1
Figures 15–17
Proposed standard English name: Haunted cuilanes
Proposed standard Spanish name: Cuilanes encantados

Holotype. QCAZ 15120 (Figs 15, 16), adult male, Ecuador, Provincia El Oro, Lake 
Chillacocha, 3.4984S, 79.6188W, WGS84, 3382 m, 20 November 2016, collected by 
Diego Almeida, Darwin Núñez, Eloy Nusirquia, Santiago Guamán and Guadalupe Calle.

Paratypes (26). Ecuador: Provincia El Oro: QCAZ 15122 (adult male), 
QCAZ 15121 (adult female), QCAZ 15169−73, 15177−78, 15180, 15193, 15221, 
15243−44, 15396−15405 (juveniles), same data as holotype; QCAZ 15118 (adult fe-
male), Lake Chillacocha, 3.4986S, 79.6187W, WGS84, 3348 m, 17 November 2016, 
same collectors as holotype.

Diagnosis. Pholidobolus fascinatus is unique among its congeners in lacking wid-
ened medial scales on collar (posterior row of gulars). In addition, P. fascinatus differs 
from P. affinis, P. prefrontalis, P. macbrydei, P. dolichoderes sp. nov., and P. montium in 
having a loreal scale frequently in contact with the supralabials (loreal scale, if present, 
not in contact with supralabials in the other species). Pholidobolus ulisesi, P. dicrus, P. 
hillisi, P. paramuno, and P. vertebralis differ from P. fascinatus in having a conspicuous 
light vertebral stripe. Pholidobolus samek sp. nov. and P. condor sp. nov. differ from P. 
fascinatus in having bright green dorsolateral stripes on the head. In addition, P. fasci-
natus has more dorsals (32–37) and ventrals (21–25) than P. samek sp. nov. (27–29 and 
19–21, respectively) and P. condor sp. nov. (26–30 and 18–20); and it has fewer tempo-
rals (3–5) and gulars (14–17) than P. dolichoderes sp. nov. (7–9 and 22–23, respectively).

Characterization. (1) Two (rarely three) supraoculars, anteriormost larger than 
posterior one; (2) prefrontals present or absent; (3) femoral pores absent in both sexes; 
(4) four to six opaque lower eyelid scales; (5) scales on dorsal surface of neck smooth, 
becoming striated from forelimbs to tail; (6) one row of lateral granules at midbody; 
(7) 32–37 dorsal scales between occipital and posterior margin of hindlimb; (8) lateral 
body fold present; (9) dorsum brown with a diffused chocolate brown middorsal stripe 
that fades away towards tail; (11) labial stripe white or cream; (12) flanks of body 
brown; (13) conical hemipenial body, with sulcus spermaticus originating between 
distinctly thick lips; (14) 22 flounces extending along hemipenial body.

Description of holotype. Adult male (QCAZ 15120) (Figs 15, 16); SVL 52.5 mm; 
TL 37.6 mm; dorsal and lateral head scales juxtaposed, finely wrinkled; rostral hex-
agonal, 2.27 times as wide as high; frontonasal hexagonal, wider than long, in contact 
with nasal laterally, slightly larger than frontal; prefrontal scales irregularly pentagonal; 
frontal heptagonal, longer than wide, slightly wider anteriorly, in contact with pre-
frontals and frontonasal anteriorly, two supraoculars laterally, and frontoparietals pos-
teriorly; frontoparietals pentagonal, longer than wide, slightly wider posteriorly, each 
in contact laterally with supraocular II; interparietal heptagonal, lateral borders nearly 
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parallel to each other; parietals hexagonal, each in contact laterally with supraocular II 
and dorsalmost postocular; postparietals four, with medial scales less than half the size 
of lateral ones; eight supralabials, fourth one the longest and below center of eye; eight 
infralabials, third and fourth one below center of eye; temporals enlarged, irregularly 
hexagonal, juxtaposed, smooth; two large, smooth supratemporal scales; nasal divided, 
irregularly pentagonal, longer than high, in contact with rostral anteriorly, first and 
second supralabials ventrally, frontonasal dorsally, loreal posterodorsally and frenocular 
posteroventrally; nostril in center of nasal, directed lateroposteriorly; loreal rectangular, 
wider ventrally; frenocular longer than high, higher anteriorly, in contact with nasal, 
separating loreal from supralabials; two supraoculars, homogeneous in size; four super-
ciliaries, anteriormost enlarged and in contact with loreal; palpebral disc divided into 
five pigmented scales; suboculars elongated, four on right side and three on left side; 
two postoculars, dorsalmost wider than the other; ear opening vertically oval, with-
out denticulate margins; tympanum recessed into a shallow auditory meatus; mental 
semicircular, longer than wide; postmental pentagonal, slightly longer than wide, fol-
lowed posteriorly by three pairs of genials, the anterior two in contact medially and the 
posterior one separated by postgenials; all genials in contact with infralabials; gulars 
imbricate, smooth, widened in two longitudinal rows; posterior row of gulars (collar) 
with 11 scales that are similar in size.

Nuchal scales similar in size to dorsals, except for the anteriormost that are wid-
ened; scales on sides of neck small and slightly granular; dorsal scales hexagonal, elon-
gate, imbricate, arranged in transverse rows; scales on dorsal surface of neck smooth, 
becoming progressively striated from forelimbs to tail; dorsal scales between occipital 
and posterior margin of hindlimbs 33; dorsal scale rows in a transverse line at midbody 
25; dorsals separated from ventrals by one row of small scales at level of 13th row of 
ventrals; lateral body fold between fore and hindlimbs present; ventrals smooth, wider 
than long, arranged in 25 transverse rows between collar fold and preanals; six ventral 
scales in a transverse row at midbody; subcaudals smooth; axillary region with granular 
scales; scales on dorsal surface of forelimb striated, imbricate; scales on ventral surface 
of forelimb granular; two thick, smooth thenar scales; supradigitals (left/right) 3/3 on 
finger I, 7/6 on II, 8/8 on III, 10/10 on IV, 5/5 on V; supradigitals 3/3 on toe I, 6/6 on 
II, 8/9 on III, 11/11 on IV, 8/8 on V; subdigital lamellae of finger I single, on finger II 
all paired, except by the three distalmost, on finger III (proximal half ) paired, on finger 
IV slightly paired at the middle, on finger V all single in right finger and three paired 
in left finger; subdigital lamellae 5/5 on finger I, 9/9 on II, 13/13 on III, 14/15 on IV, 
9/9 on V; subdigital lamellae on toes I and II paired proximally and single distally, on 
toes III, IV and V paired, except for the three to five distalmost subdigitals; subdigi-
tal lamellae 5/5 on toe I, 10/10 on II, 14/13 on III, 18/18 on IV, 11/12 on V; groin 
region with small, imbricate scales; scales on dorsal surface of hindlimbs smooth and 
imbricate; scales on ventral surface of hindlimbs smooth; scales on posterior surface of 
hindlimbs granular; femoral pores absent; preanal pores absent; cloacal plate paired, 
bordered anteriorly by two enlarged scales.
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Additional measurements (mm) and proportions of the holotype: HL 12.3; HW 
9.2; ShL 6.7; AGD 26.5; TL/SVL 0.7; HL/SVL 0.2; HW/SVL 0.2; ShL/SVL 0.1; 
AGD/SVL 0.5.

Color in life of the holotype. Dorsal background from head to base of tail brown, 
with a diffuse chocolate-brown middorsal stripe that fades away towards tail; light brown 
dorsolateral stripes on head extending posteriorly and fading away at midbody; white 
longitudinal stripe extending from third supralabial to shoulder; sides of neck, flanks, 
and limbs brown; reddish brown narrow stripe extending from tympanum to arm inser-
tion; ventrolateral region of body grayish brown; throat and chest gray; belly background 
gray with conspicuous orange marks; tail orange anteriorly and laterally (Figs 15, 17A).

Figure 15. Holotype of Pholidobolus fascinatus sp. nov. (QCAZ 15120) in life in dorsal (A), ventral (B), 
and lateral (C) views. Male, SVL = 52.5 mm. Photographs by Diego Quirola.
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Figure 16. Head of holotype of Pholidobolus fascinatus sp. nov. (QCAZ 15120) in lateral (A), dorsal (B), 
and ventral (C) views. Photographs by Valeria Chasiluisa. Scale bar: 5 mm.
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Color in preservative of the holotype. Dorsal background uniformly brown with 
a cream brown vertebral stripe extending from head onto tail; vertebral stripe slender 
anteriorly, becoming slightly wider posteriorly; head light brown with black dots dor-
sally (rostral, frontonasal, frontal, frontoparietals and supraoculars) and brown later-
ally; cream longitudinal stripe extending from third supralabial to shoulder; ventrolat-
eral aspect of neck brown; forelimbs with scattered black dots; flanks brown; tail brown 
dorsally; ventral surface of head light gray, chest and venter dark gray, ventral surface of 
tail slightly brown, with scattered dark brown marks.

Variations. Measurements and scale counts of Pholidobolus fascinatus are presented 
in Table 6. Supralabials 9/9 (left/right) in specimens QCAZ 15118 and 15122, and 
supraoculars 3/3 in QCAZ 15118; loreal scale absent in QCAZ 15118; prefrontals ab-
sent in QCAZ 15122 and 15173; little intrusive scales between postparietal and fron-
toparietals in QCAZ 15118, 15121 and 15122; frontonasal quadrangular in QCAZ 
15122; frontal nonagonal and pentagonal in QCAZ 15118 and 15173, respectively; 
interparietal hexagonal in QCAZ 15122; parietal pentagonal in QCAZ 15170. Four 
posterior cloacal scales in QCAZ 15118. Males are slightly smaller (SVL 47.6 mm, N 
= 2) than female (maximum SVL 48.2 mm, N = 2). Adult male QCAZ 15122 differs 
from holotype in having sides of tail and chest dark brown without gray spots. Adult 
female QCAZ 15118 differs from holotype in having a light gray chest, a dark gray 
ventral surface of tail, dark brown sides of tail, and in lacking orange or red brown 
color on sides of neck (Fig. 17).

Distribution and natural history. Pholidobolus fascinatus inhabits wet paramo 
in the western slopes of the Andes of southern Ecuador (Fig. 7). The new species is 
known only from El Oro province, at 3348−3382 m. All specimens were found active 
at 14h00–17h00 mostly under stones.

We found 41 eggs (17 as fragmented eggshells) in a communal nest next to male 
QCAZ 15120. We incubated the 24 unhatched eggs in soil and perlite in captivity. 
They were 11.9–13.2 mm long, 5.5–9.2 mm wide, and weighted 0.5 g on average. 
Hatchlings (N = 20) weighted 0.4 g and were 26.2 mm in SVL on average.

Conservation status. Pholidobolus fascinatus is only known from localities around 
Lake Chillacocha. The population size for this species is unknown, but our sampling 
suggests average abundances. Because of the small known distribution and lack of ad-
ditional data, we suggest assigning P. fascinatus to the Data Deficient category, accord-
ing to IUCN (2012) guidelines.

Etymology. The species epithet fascinatus is a Latin word meaning enchanted, in 
allusion to Lake Chillacocha, also known as the Enchanted Lake. According to local 
belief, this lake is enchanted and has healing powers.

Discussion

The systematics of Pholidobolus and its sister taxon Macropholidus have been contro-
versial partly because morphological evidence has been misinterpreted. Nonetheless, 
the recent use of molecular phylogenies has reshaped the systematics and taxonomy 
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of this clade (Torres-Carvajal and Mafla-Endara 2013; Torres-Carvajal et al. 2015). 
In addition, recent collections in poorly explored areas along the Andes of Colombia, 
Ecuador, and Peru have led to the discovery and description of new species (Hurtado-
Gómez et al. 2018; Torres-Carvajal et al. 2014; Venegas et al. 2016). In this paper we 
use morphological and molecular evidence to describe four new species of Pholidobo-
lus, all except P. dolichoderes sp. nov. from remote highlands, based mostly on recent 
collections in southern Ecuador. Unexpectedly, allocating the new species described 
herein within the phylogenetic tree of Pholidobolus rendered P. macbrydei paraphyletic, 
suggesting that populations currently assigned to this taxon represent multiple spe-
cies, some of which (e.g., Clades A and F) match the evolutionary significant units 
identified by Mafla-Endara (2011). Nonetheless, we refrain from describing any of 
these putative species (Clades A–F) in this paper as we believe that further sampling 
and analysis are necessary. According to our PCA results, three of the four new species 
are morphologically different from other “Pholidobolus macbrydei” (Fig. 2). Compo-
nents I and II in the PCA, however, explain less than 50% of the variation within the 
“P. macbrydei” clade (Table 5). Thus, it is necessary to study additional morphologi-
cal characters and increase sample size to better elucidate morphological differences. 

Figure 17. Color variation in live specimens of Pholidobolus fascinatus sp. nov. A male holotype (QCAZ 
15120, SVL = 52.5 mm) B male paratype (QCAZ 15122, SVL = 42.6 mm) C female paratype (QCAZ 
15118, SVL = 46.7 mm).
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B
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Mafla-Endara (2011) also suggested hybridization between P. macbrydei from Cañar 
province and P. prefrontalis based on both the relatively great variation in morphology 
within the Cañar populations, and their morphological similarity to P. prefrontalis. 
Nevertheless, our nuclear phylogenetic tree does not suggest hybridization between P. 
macbrydei and P. prefrontalis (Appendix II).

Current evidence prevents us from assigning the name P. macbrydei to any of the 
recovered clades. However, we suspect that P. macbrydei belongs  or is more closely 
related to Clades C, D, and E for two reasons (Fig. 1). First, adult males in these clades 
match closely the description of P. macbrydei (Montanucci 1973). Second, Clades C, 
D, and E lie nearby the type locality of P. macbrydei. It is noteworthy that Clade B also 
lies near the type locality of P. macbrydei (Fig. 7), although males in Clade B lack the 
red lateral stripes characteristic of P. macbrydei. DNA samples from the type locality 
should help clarify the taxonomy of this group.

The Cordillera del Cóndor is a sub-Andean mountain chain geologically similar to 
the Tepuis of the Guiana region. It is composed of marine and continental sediments 
(Neill 2005). This area is presently threatened by mining activities, despite discovery of 
a significant number of new species in the last ten years (Brito et al. 2017; Huamantupa-
Chuquimaco and Neill 2018; Mashburn et al. 2020; Ron et al. 2018; Torres-Carvajal 
et al. 2009; Valencia et al. 2017) suggesting that Cordillera del Cóndor is a diversity 
hotspot. Our discovery of P. samek and P. condor further supports this idea. Therefore, 
we strongly advise authorities to improve conservation efforts for Cordillera del Cóndor.

The discovery of four new species and a paraphyletic P. macbrydei reveals high 
levels of unexpected diversity within Pholidobolus from southern Ecuador. This study 
supports the idea that Andean herpetofauna in this region is more diverse in species 
numbers than previously thought (Sánchez-Pacheco et al. 2012), especially for poorly 
explored areas like Cordillera del Cóndor. Collections in this area are usually scarce 
due to complex logistics. However, we recommend more intensive sampling efforts. 
Future studies should include larger samples and other types of evidence (e.g., genomic 
data, environmental variables) that might prove useful for species delimitation within 
Pholidobolus and other vertebrate taxa.
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Appendix I

Additional specimens examined of Pholidobolus macbrydei. ECUADOR: Provincia 
Azuay: Cuenca-Azogues, 2.895222S, 78.95822W, 2486 m, QCAZ 6985; Cuenca-
Chaucha, 2.861209S, 79.37869W, 2943 m, QCAZ 9668; Cuenca-Cochapamba, 
2.797120S, 79.41562W, 3548 m, QCAZ 10133–10135; Cuenca-El Cajas, 2.77744S, 
79.17001W, 3508 m, QCAZ 9932, 9936; 2.74105S, 79.23479W, 4092 m, QCAZ 
8010; 2.776299S, 79.23743W, 4068 m, QCAZ 8011; 3.04155S, 79.21567W, 
3766  m, QCAZ 8897, 8899–8903, 8906; Cuenca-Mazan Forest, 2.87522S, 
79.12923W, 3189 m, QCAZ 8008, 8013; Cutchil, 3.133999S, 78.81300W, 2900 m, 
QCAZ 823; Guablid, 2.77488S, 78.69758W, 2453 m, QCAZ 9915, 9919–9920; 
Gualaceo, 2.909767S, 78.73436W, 2625 m, QCAZ 10875; Gualaceo-Limón; 
2.948S, 78.71200W, 3110 m, QCAZ 819–20, 822; 2.964S, 78.70199W, 3140 m, 
QCAZ 825; Patacocha hill, 3.121109S, 79.065W, 3340 m, QCAZ 6144; Pucara, 
3.21367S, 79.46739W, QCAZ 11038; Quinoas river, 3.087267S, 79.27762W, 
3200 m, QCAZ 1564, 1566; Sigsig, 2.99900S, 78.80700W, 2890 m, QCAZ 1537; 
3.129500S, 78.80400W, 2969 m, QCAZ 5605–5606, 5608; Sigsig-Gualaqui-
za, 3.106875S, 78.79558W, 2935 m, QCAZ 8646–8647; Tarqui, 3.015880S, 
79.04447W, 2680 m, QCAZ 8512. Provincia Cañar: Cajas National Park, 2.70654S, 
79.22765W, 3651 m, QCAZ 8946; Cañar, 2.560760S, 78.93077W, QCAZ 9947; 
Guallicanga river, 2.473189S, 78.97289W, 3048 m, QCAZ 10051–53; Gualaceo, 
2.882159S, 78.77536W, 2298 m, QCAZ 9606; Juncal, 2.432109S, 78.90223W, 
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3960 m, QCAZ 10048; 2.473189S, 78.97289W, 3048 m, QCAZ 10050; Mazar, 
2.54508S, 78.70078W, 2839 m, QCAZ 15811–13; 2.54649S, 78.69826W, 2924 m, 
QCAZ 15814–16; 2.57138S, 78.746W, 3442 m, QCAZ 15817–15823; 2.5708S, 
78.74586W, 3451 m, QCAZ 15824; 2.545804S, 78.69611W, 2842 m, QCAZ 
10970. Provincia Chimborazo: Frutatián lake, 2.21584S, 78.50136W, 3700 m, 
QCAZ 9217–9218; Magdalena lake, 2.187416S, 78.50686W, 3556 m, QCAZ 
9214; Ozogoche, 2.368733S, 78.68871W, 4040 m, QCAZ 6006; Riobamba-Melán, 
1.875020S, 78.54773W, 3564 m, QCAZ 9626–9628; Riobamba-Timbo, 1.929219S, 
78.53718W, 3408 m, QCAZ 9616–9620; Shulata, 2.339309S, 78.84322W, 3228 m, 
QCAZ 5597–5598. Provincia El Oro: Guanazán, 3.440034S, 79.48695W, 2638 m, 
QCAZ 7894. Provincia Loja: Fierro Hurco, 3.710421S, 79.30498W, 3439 m, 
QCAZ 6949 –6950; Jimbura-Jimbura lake, 4.708868S, 79.44657W, 3036 m, QCAZ 
6947–6948; Jimbura- path to Jimbura lake, 4.709469S, 79.43558W, 3348 m, QCAZ 
10054–10055, 10057–10062; Jimbura-Lagunillos, 4.628244S, 79.46353W, 3450 m, 
QCAZ 6146–6147; 4.817000S, 79.36199W, 3600 m, QCAZ 3785; San Lucas, 
3.731853S, 79.26059W, 2470 m, QCAZ 2861; Saraguro, 3.62025S, 79.23581W, 
3100 m, QCAZ 3606; 3.679457S, 79.23769W, 3190 m, QCAZ 3673–3674; Tar-
qui, QCAZ 5545. Provincia Morona Santiago: Sangay National Park, 1.960939S, 
78.43198W, 3345 m, QCAZ 9612. Provincia Tungurahua: Patate-El Corral, 
1.2725S, 78.46805W, 3468 m, QCAZ 9995–9996. Provincia Zamora Chinchipe: 
Podocarpus National Park, 4.484149S, 79.14875W, 1800 m, QCAZ 3743.
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Appendix II

Phylogeny of Pholidobolus. ML phylogram derived from the analysis of 411 bp of nuclear DNA. Bootstrap 
values are shown above branches and Bayesian posterior probabilities below branches (≤ 50% not shown). 
Asterisks indicate maximum values. The outgroup taxon (Anadia rhombifera) is not shown. Species names 
followed by voucher numbers are shown.


