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Abstract
Despite the ubiquity of sea anemones (Cnidaria: Actiniaria) in tropical ecosystems, our understanding of
their biodiversity and taxonomy is limited. Here we re-establish the identity of an intertidal zooxanthellate
species, Phymanthus pinnulatus Martens in Klunzinger, 1877. Originally described from a single preserved
specimen in the Berlin Museum by CB Klunzinger, his brief footnote lacked crucial details to positively
identify the species. Our redescription is based on more than 50 living individuals of P. pinnulatus
collected from its type locality, Singapore. These were examined and compared with type materials of
the species and its congeners. Specimens of P. pinnulatus differ from syntypes of species described as
Phymanthus levis Kwietniewski, 1898 from Indonesia, as well as Phymanthus sansibaricus Carlgren, 1900
and Phymanthus strandesi Carlgren, 1900, both described from East Africa. Phymanthus pinnulatus was
encountered on the lower intertidal, among coral rubble and between rocky crevices. It is vibrantly coloured
and has 96 marginal tentacles with branching outgrowths along each, resulting in a ‘frilly’ appearance. The
anemone has a flat expanded oral disc, with discal tentacles that are inconspicuous and reduced, unlike
syntypes of its congeners. Details of its live appearance, musculature, and cnidom are also provided for the first
time. Overall, types of cnidae and capsule sizes differ from other known species of Phymanthus documented
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elsewhere. It is inferred that P. pinnulatus has a wide distribution that extends eastwards from Singapore,
as far as Ambon and the Torres Straits. Some individuals reported as Phymanthus muscosus Haddon and
Shackleton, 1893 and Phymanthus buitendijki Pax, 1924 are probably P. pinnulatus. This morphological
analysis provides new insights into the characters used to delimit P. pinnulatus, clarifies its geographical
distribution, and contributes to an ongoing revision of the genus Phymanthus.
Keywords
Actinoidea, Indo-Pacific, intertidal, Southeast Asia, zooxanthellae

Introduction
Sea anemones (Cnidaria, Actiniaria) are ecologically successful invertebrates found
in many tropical marine ecosystems. In spite of their ubiquity, few from the IndoPacific region have been subjected to rigorous taxonomic studies, and the identities of
many species remain poorly defined (den Hartog 1997; Fautin et al. 2009). Among
them are members of the zooxanthellate family Phymanthidae, which comprise two
genera: Heteranthus and Phymanthus (Fautin 2013; 2016). Within the latter genus,
Phymanthus pinnulatus [= Phymanthus pinnulatum] Martens in Klunzinger, 1877, was
first described based on a single preserved specimen collected by Eduard von Martens
from Singapore (Haddon 1898), and housed in the Berlin Museum (now Museum
für Naturkunde). Its appearance was briefly described in a footnote by Klunzinger
(1877: 87) stating “… wo statt der Wärzchen beim Lebenden (nach der Zeichnung
von Martens) deutliche und mehrfach gefiederte Seitenstäbchen am Hauptstamm
sitzen,” alluding to the presence of suckers [=verrucae] along the animal’s body, and
ramified tentacles. Klunzinger’s (1877) footnote also makes mention to a drawing of
the anemone by Martens. However, we were not able to locate it, nor does it appear in
Martens’ comprehensive reports of biodiversity from his expedition in Southeast Asia
(see Martens 1867, 1875).
Klunzinger’s footnote (1877) provided no further details or illustrations to support his description. Since then, the taxonomic validity of P. pinnulatus’ appearance
has remained equivocal, with no illustrations or taxonomic work published thereafter
to ascertain the identity of the species. Here we provide for the first time in over a century since Klunzinger’s (1877) description, details of P. pinnulatus’ external and internal
structure (i.e., retractor and sphincter musculature), an inventory of cnidae [= cnidom],
and notes on its habitat and distribution. We also provide field photographs of the living
animal. These data are now convention in contemporary actinian taxonomic accounts.
We encountered P. pinnulatus at the lower intertidal zone, where its lower column
was buried in sand or wedged between crevices of silt covered rocks and/or coral rubble. These anemones were very conspicuous and common in the northern and southern shores of Singapore. They were also easily recognizable in the field because of the
frilly and colourful appearance of its marginal tentacles.
Prior to this study, 25 anemones which are well known taxonomically were identified from Singapore (see Fautin et al. 2009, 2015; Yap et al. 2014; Fautin and Tan
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2016). Unlike these species, disagreements still persist for the diagnosis of Phymanthus
and species attributed to this genus (Pax 1924; Carlgren 1949; Gonzalez-Muñoz et al.
2015), so clearly a taxonomical revision is overdue. Many members of Phymanthus are
poorly defined. The objective of this study is to provide a comprehensive morphological characterization of P. pinnulatus so that its identity would be unambiguous. For a
common tropical sea anemone, data are lacking on much of its biology, ecology, and
biogeography. Our redescription opens up opportunities for further research on this
common intertidal species in a wide range of disciplines.

Materials and methods
All anemones we report here were collected from Singapore over 16 years: between
2002 and 2018. Some animals were observed in situ and photographed; others were
brought back to the laboratory for further study. Collected anemones were kept alive
for at least one week. Details on their behaviour and appearance of the living animal were noted. Thereafter, the whole animal was fixed in 10% formalin. Internal
morphology was examined in dissected specimens. Musculature of the anemones was
visualized from 8-µm-thick histological sections stained with haematoxylin and eosin
(Humason 1967).
Unfired cnidae capsules were examined from tissues of the marginal tentacle tip,
protuberances, discal tentacles, marginal projections, mid-column, actinopharynx, and
mesenterial filaments. Cnidae were viewed at 1000 × magnification. We also examined
discharged capsules from living specimens, to confirm identities of cnidae encountered
(see Yap et al. 2014). Cnidae taxonomy follows Mariscal (1974).
We examined the holotype of P. pinnulatum, kept as two separate lots—one at the
Museum für Naturkunde Berlin (ZMB) and the other at Naturhistoriska Riksmuseet,
Stockholm, Sweden (NRS) (see Fautin 2016). Voucher specimens of individuals collected from Singapore by KW England and FB Steiner between 1960s and 1980s,
deposited at Natural History Museum (known also as the British Museum of Natural
History; BMNH) and California Academy of Sciences, Department of Invertebrate
Zoology and Geology (CASIZ) respectively were also studied.
To further establish the identity of P. pinnulatus and to delineate the
species, available and accessible type material of its congeners were examined:
Phymanthus buitendijki Pax, 1924 present at the Rijksmuseum van Natuurlijke
Historie and Naturalis (RMNH; now the Naturalis Biodiversity Center);
Phymanthus levis Kwietniewski, 1898, present at both ZMB and NRS;
Phymanthus muscosus Haddon & Shackleton 1893, kept at the University Museum of
Zoology, Cambridge University, United Kingdom (MZC); Phymanthus sansibaricus
Carlgren, 1900 and Phymanthus strandesi Carlgren, 1900, both in the invertebrate
collection at Zoologisches Museum Hamburg (ZMH).
We relied on published descriptions of Phymanthus crucifer (Le Sueur, 1817),
Phymanthus loligo (Hemprich & Ehrenberg in Ehrenberg, 1834), Phymanthus pulcher
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(Andrès, 1883) and Phymanthus rhizophorae (Mitchell, 1890) to obtain details of their
appearance and morphological traits. The types of P. pulcher and P. rhizophorae could
not be located (Fautin 2013, 2016).
While syntypes of both P. crucifer and P. loligo do exist and are present at the Museum of Zoology, Lund University (MZL), these are in the form of microscope slides of
the anemones’ mesenteries and musculature. The slides alone are not useful for defining species boundaries of members in Phymanthus. Furthermore, we did not study the
syntype of Phymanthus coeruleus (Quoy & Gaimard, 1833) because specimens present
in the lot are of two different anemone species (Fautin 2013).
Because uncertainty still lies with distinguishing the two genera of Phymanthidae
(i.e., Phymanthus and Heteranthus; see González-Muñoz et al. 2015), to verify
that P. pinnulatus is morphologically distinct from members of Heteranthus, we
examined the syntype of Heteranthus verruculatus Klunzinger, 1877 and holotype
of Heteranthus insignis Carlgren, 1943, kept also at Museum für Naturkunde Berlin
(ZMB) and Naturhistoriska Riksmuseet, Stockholm, Sweden (NRS) respectively.
All new P. pinnulatus voucher specimens collected from Singapore for this study
since 2002 were deposited in the Zoological Reference Collection, Lee Kong Chian
Natural History Museum, National University of Singapore (ZRC).

Taxonomic Account
Family Phymanthidae Andres, 1883
Genus Phymanthus Milne-Edwards, 1857
Phymanthus pinnulatus Martens in Klunzinger, 1877
Figs. 2–7
Phymanthus pinnulatum Martens in Klunzinger, 1877: 87 (original description).
Phymanthus pinnulatum: Haddon 1898: 496; Carlgren 1949: 75.
Phymanthus pinnulatus: Fautin 2016: 346.
Occurrence and materials collected in Singapore (Fig. 1). (* – observed alive; bold
– morphotypes with smooth marginal tentacles or reduced protuberances):
Berlayer Creek (ZRC.CNI.1343 x4*), Big Sister’s Island (ZRC.CNI.0982 x1;
ZRC.CNI.1103 x1*; ZRC.CNI.1163 x1*; ZRC.CNI.1045 x1*; ZRC.CNI.1347 x4*),
Changi East Beaches (ZRC.CNI.1084 x1*; ZRC.CNI.1106 x1*), Chek Jawa (photographed but not collected), Cyrene Reef (ZRC.CNI.1089 x1*; ZRC.CNI.1112 x2*;
ZRC.CNI.1145 x1*; ZRC.CNI.1342 x4*), East Coast Park Beaches (ZRC.CNI.1039
x1*; ZRC.CNI.1046 x1*; ZRC.CNI.1110 x1*), Kusu Island (ZRC.CNI.1162 x1*),
Pulau Hantu (ZRC.CNI.0015 x1; BMNH1995.1006 x1; CASIZ161242 x1), Pulau
Jong (BMNH1996.355 x1), Pulau Sekudu (ZRC.CNI.0738 x1), Pulau Semakau
(ZRC.CNI.1031 x1*; ZRC.CNI.0318 x1; ZRC.CNI.0321 x1; ZRC.CNI.0322 x1;
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Figure 1. Map of Singapore where specimens of Phymanthus pinnulatus were collected for this study:
1, Berlayer Creek (1°15'56"N; 103°48'25"E); 2, Big Sisters’ Island (Pulau Subar Laut) (1°12'50"N;
103°50'05"E); 3, Changi East Beaches (1°18'45"N; 104°00'31"E); 4, Chek Jawa (1°24'25"N; 103°59'23"E);
5, Cyrene Reef (Terumbu Pandan) (1°15'28"N; 103°45'19"E); 6, East Coast Park Beaches (1°17'36"N;
103°53'46"E); 7, Kusu Island (Pulau Tembakul) (1°13'25"N; 103°51'39"E); 8, Pulau Hantu (1°13'35"N;
103°45'03"E); 9, Pulau Jong (1°12'54"N; 103°47'12"E); 10, Pulau Sekudu (1°24'19"N; 103°59'17"E);
11, Pulau Semakau (1°11'58"N; 103°45'31"E); 12, Pulau Tekukor (1°13'51"N; 103°50'18"E); 13, Sentosa (Tanjong Rimau) (1°14'47"N; 103°49'56"E); 14, St John’s Island (1°13'17"N; 103°50'55"E); 15,
Tanah Merah (1°18'45"N; 103°59'34"E); 16, Terumbu Bemban (1°12'36"N; 103°44'27"E); 17, Terumbu Pempang Tengah (1°13'33"N; 103°43'50"E); 18, Terumbu Raya (1°12'46"N; 103°45'09"E); 19,
Terumbu Semakau (1°12'46"N; 103°46'07"E).

ZRC.CNI.0639 x1; ZRC.CNI.1098 x1*; ZRC.CNI.1361 x1*), Pulau Tekukor (ZRC.
CNI.0993 x3*, of these only one has reduced protuberances; BMNH1996.313
x1; ZRC.CNI.1306 x1*), Sentosa (Tanjong Rimau) (ZRC.CNI.1345 x4*), St John’s
Island (ZRC.CNI.0467 x1), Tanah Merah (photographed but not collected), Terumbu Bemban (ZRC.CNI.1223 x1*), Terumbu Pempang Tengah (ZRC.CNI.1028
x1*; ZRC.CNI.1029 x1*), Terumbu Raya (ZRC.CNI.1111 x1*), Terumbu Semakau
(ZRC.CNI.0493 x1).
Type material examined. Holotype, ZNB Cni 1324, collected by E. von Martens. A single specimen, 60 mm in length, flaccid, cut longitudinally, a slice of the
distalmost margin and part of the proximal end missing, though a little of the pedal
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Figure 2. Holotype of Phymanthus pinnulatum Martens in Klunzinger, 1877 A entire specimen present
at the Museum für Naturkunde, Berlin (ZMB Cni 1324), Germany B three pieces of the holotype removed from the Berlin specimen now at Naturhistoriska Riksmuseet (NRS76), Stockholm, Sweden. Abbreviations: m, mesenteries. mt, marginal tentacles. mf, mesenterial filaments. mp, marginal projection.
o, oral disc. pd, pedal disc. Photographs by NWL Yap.
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Figure 3. Living specimens of Phymanthus pinnulatus, external morphology of oral end A expanded
individual of green “banded” colour morph, in situ. Photograph by R Tan B an expanded slaty-green
“plain” coloured individual, with extensive branching of its protuberances, in situ. Photograph by R Tan
C a third colour morph with brilliant electric blue marginal tentacles, in situ. Photograph by NWL Yap
D a partially contracted individual in situ, with its oral end protruding from the substratum; note longitudinal rows of verrucae along intermesenterial spaces, extending proximally from the oral end towards
mid column, in situ. Photograph by R Tan.

disc remains, cream-coloured entirely (Fig. 2A); NRS76 consists of three pieces originating from ZMB Cni 1324 (see Fautin 2016), all pieces cream-coloured in preservative: a piece of the distalmost end with oral disc and marginal tentacles present, 11
mm in length; a piece of mesentery, fertile, 9 mm wide; a 30 mm longitudinal strip
of the column (Fig. 2B).
Natural history. Usually encountered during low tide, with upper portion exposed, oral disc and marginal tentacles expanded (Fig. 3A, B, C). Sediment and small
shell fragments may adhere to verrucae (Fig. 3D). Lower body usually deep in crevices
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Figure 4. Marginal tentacle and marginal projection appearance of Phymanthus pinnulatus A close-up
of ramified protuberances of a living specimen. Photograph by NWL Yap B close-up of protuberances
from a fixed specimen (ZRC.CNI.1345); note that finer details of protuberance branching are lost in
preserved/fixed specimens, branching of protuberances now appear as knobs. Photograph by NWL Yap
C a morphotype of that lacks ramified protuberances. Note that this individual (ZRC.CNI.1029) is atypical as it has lesser marginal tentacles, by which are also octo-ramously arranged. Photograph by NWL Yap.
D a “smooth” tentacle morphotype, in situ. Photograph by R Tan E close-up of a marginal tentacle tip
from a fixed specimen (ZRC.CNI.1342). Note absence of perforation at tip F close-up of a row of marginal projections of a fixed specimen (ZRC.CNI.1342). Note perforations (arrowed). Abbreviations: mt,
marginal tentacles; mtt, marginal tentacle tip; p, protuberances. Photographs by NWL Yap.
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Figure 5. Detail of the oral discs of Phymanthus pinnulatus, external morphology A top view of discal
tentacles present on a live individual, arranged as radial rows between intermesenterial spaces, extending
from the mouth towards the region of the marginal tentacles (ZRC.CNI.1361) B side view of discal
tentacles of a living specimen; note the low and reduced elevation of tentacles (ZRC.CNI.1046) C faint
and reduced radial rows of discal tentacles (arrowed) present on a recent, formalin-fixed specimen (ZRC.
CNI.1345) D very reduced and barely noticeable remnants of discal tentacles (arrowed) present on the
holotype (NRS76); note that this specimen was preserved before 1877. Abbreviations: m, mesenteries;
mt, marginal tentacles. Photographs by NWL Yap.

or buried in sand or coral rubble. Pedal disc attached to buried rock, fragments of shell
or coral rubble. Retracts quickly and deeply into substratum when disturbed, pulling
in marginal tentacles completely. Animal typically found singly, with multiple individuals separated by a short distance (> 20 cm), although clusters up to four have been
observed. Zooxanthellate.
Marginal tentacles. 96 in total; one individual with 98 (ZRC.CNI.1342). All
of similar length, equal to oral disc radius or longer (Figs. 3A, B). Arranged hexamerously in four cycles but octamerously in one individual (ZRC.CNI.1029). Cycle
closest to margin exocoelic; innermost cycles endocoelic. One per endo-/exocoel.
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Figure 6. Internal musculature of Phymanthus pinnulatus A longitudinal section of ZRC.CNI.0321 at
the margin, showing lack of marginal sphincter muscle. Fosse is indicated by a black star B cross-section
of ZRC.CNI.0993. Note the presence of well-developed retractor muscles (white star), and oocytes. Abbreviations: a, actinopharynx; d, directives; mp, marginal projection; mt, marginal tentacle; pb, parietolbasilar muscle. Scale bar: 10 mm. Photographs by NWL Yap.

Ramified protuberances occur laterally along both sides, symmetrical, alternating
between large and small knobs (Fig. 4A). In life, branching appears extensive; when
preserved, appears as low knobs (Figs. 4A, B, respectively). Extent of branching may
vary; some individuals have protuberances as slight bumps while in others the entire
length is smooth (Figs. 4C, D). Tip narrow and blunt, without perforation (Fig. 4E);
base wide. Colour variable, from greenish-brown, slatey-grey to blue with golden
tinge (Figs. 3A, B, C); tip with green, purple, or pink cast. In fixed individuals, tentacles cream-coloured to greenish, translucent. Protuberances cream-coloured to gold
on oral side; usually with a white line adjoining opposite protuberances (Fig. 4A).
Column. Colour variable, from tan to translucent white. Distalmost end darkbrown. May appear whitish or cream-coloured in life, or with a light green tinge in
preserved specimens. Distalmost end flared outwards when animal is expanded; midsection uniform diameter; pedal end may spread outwards when animal is attached
to a surface. Diameter of distalmost end greater than pedal disc. Marginal projections present along margin of distalmost end; may be inflated, perforated (Fig. 4F),
with a central white dot. Dot not visible in preserved specimens. Longitudinal rows
of adherent verrucae present, extending proximally to mid-section (Fig. 3D). In life,
shell fragments or substratum particles may be attached to verrucae. Verrucae outline
eye-shaped, as low white bumps, middle depressed, diameter <1 mm. Verrucae rows
endocoelic; alternate long and short rows. Longer rows with typically more than eight
verrucae; shorter rows with less than five. Mesenterial insertions seen as white lines
that extend from distalmost to pedal end. Past mid-section: plain and smooth, without
any obvious structures. Cinclides present, visible only when limbus is expanded. Fosse
present, shallow, ca. 1 mm deep.
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Figure 7. Cnidae of Phymanthus pinnulatus A spirocyst B basitrich C spirocyst D basitrich E spirocyst
F basitrich G basitrich H basitrich I basitrich J microbasic p-mastigophore K small basitrich L large basitrich M microbasic p-mastigophore. Scale bar: 10 μm. Photographs by NWL Yap.

Oral disc. Outline round, flat when fully expanded; diameter 40 mm or greater.
Colour in life grey to dark brown, with white markings flanking outwards; in fixed
specimens, cream-coloured to translucent white. Discal tentacles present, arranged in
radial rows extending from mouth to marginal tentacles, both endo- and exocoelic,
numerous in a row (Fig. 5A). Discal tentacles outline: slim oval, as low bumps (Fig.
5B), some with middle sunken in, dependent on state of expansion. Discal tentacles
dark-brown or grey in life. In preserved individuals, these are very inconspicuous, seen
as horizontally radiating short grey dashes (Fig. 5C), may be very faint, or not seen at
all, depending on state and age of specimen (e.g. Figs. 5C, D). Wall thin; dark lines
corresponding to mesenterial insertions visible through wall, extends from the mouth
to margin. Central mouth oval and flat, area around it may be translucent. Two siphonoglyphs, symmetrical. In life, these may be white with pinkish streaks. Preserved,
siphonoglyphs appear cream-coloured.
Pedal disc. Oval, flat, same colour as proximal section of column. Thin-walled,
mesenterial insertions appear as radiating white lines. Strongly adherent; readily attaches to surfaces to follow contour of substratum.
Internal morphology. Actinopharynx longitudinally pleated, extends proximally
until mid-column. Oral and marginal stomata present. Mesenteries contain zooxanthellae, arranged in three orders. All 12 pairs of highest order complete, fertile and
with filaments; two of these directives, each attached to a siphonoglyph. Mesenteries
of second order incomplete, but all fertile with filaments, 12 pairs. In one individual
(ZRC.CNI.0467) nine pairs of imperfect mesenteries were present in the second order.
Twenty-four pairs of mesenteries small, without filaments and retractor pennon make
up third order. All mesenteries, except smallest, extend to the proximal end. Sphincter
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Table 1. Cnidom of Phymanthus pinnulatus Martens in Klunzinger, 1877. Measurements in μm; size
outliers of single capsules are presented in values within parentheses. Abbreviations: N = the number of
specimens having that type of cnidae to total specimens examined; n = total number of capsules measured
for each type. Letters in parentheses following cnidae type refer to its illustration in Fig. 7.
Tissue

Marginal tentacles
Protuberances
Discal tentacles
Marginal pseudoacrorhagi
Column
Actinopharynx
Mesenterial filaments

Cnidae

Phymanthus pinnulatus Martens in Klunzinger,
1877
Range length × range width
N
n
Spirocysts (A)
13.5–26.5(27.5) × 2.0–4.2
9/9
91
Basitrichs (B)
14.7–25.7(26.5) × 2.0–3.7(4.7)
9/9
93
Spirocysts (C)
(10.0)13.0–24.0 × 2.0–4.0
9/9
90
Basitrichs (D)
11.0–21.0 × 2.0–3.0
9/9
100
Spirocysts (E)
14.0–26.0 × 2.0–4.5(5.0)
9/9
90
Basitrichs (F)
(8.0)10.0–19.0 × 2.0–3.0
9/9
90
Basitrichs (G)
12.0–17.0 × 2.0–3.0
9/9
100
Basitrichs (H)
13.0–23.1(25.0) × 2.0–3.7(4.2)
9/9
100
Basitrichs (I)
11.5–25.5 × 2.0–4.5
9/9
100
Microbasic p-mastigophores (J)
14.7–25.7 × 4.0–7.9
9/9
88
Small basitrichs (K)
10.0–23.1 × 2.0–3.7
9/9
92
Large basitrichs (L)
(26.3)27.0–38.0 × (2.6)3.0–4.7
9/9
91
Microbasic p-mastigophores (M) 15.8–25.0 × (2.5)3.5–5.5(6.3)
9/9
92

muscle absent (Fig. 6A). Retractor muscles: strong, diffuse to diffuse circumscript.
Parietobasilar muscle extends away from mesentery, as a reduced pennon (Fig. 6B),
poorly developed. No internal broods encountered.
Cnidom.Spirocysts, basitrichs, microbasic p-mastigophores (Table 1). Cnidae illustrated in Fig. 7. No cnidom data yielded from holotype (i.e., ZMB Cni 1324 and
NRS 76), cnidae present damaged with crystalline appearance.
Distribution. Singapore (Klunzinger 1877; this study), Indonesia (pers. obs.; see
discussion below) and Northern Australia (see discussion below).
Remarks. Of the 53 specimens collected in this study and those examined in situ,
we encountered five individuals having reduced protuberances. These morphotypes
were only encountered along the southern Singapore shores.
While Klunzinger (1877) makes no mention of the etymology of the name, nor
does it appear in Martens’ (1867, 1875) reports, the original species name is rendered as pinnulatum, made up of both a noun (pinnula = small wing) and a neuter,
adjective forming suffix (-tum), thereby making it an adjective in the nominative
singular (ICZN Article 11.9.1). Therein, the original spelling of the species name
is incorrect. The species name, being an adjective in a genitive case, according to
Article 31.2 of the International Code of Zoological Nomenclature (International
Commission on Zoological Nomenclature 1999), must agree in gender with the genus. The gender of Phymanthus is masculine, therefore the species name is pinnulatus
(see also Fautin 2016).
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Discussion
Discal tentacles
A feature that unites pieces of holotype (i.e., ZMB Cni 1324 and NRS76), vouchers
and fresh specimens of Phymanthus pinnulatus (N = 53), is the appearance of discal
tentacles. For all individuals examined here, this feature is inconspicuous, reduced
and oval; occurring as faint and dark horizontal dashes radiating outward from the
mouth in preserved specimens (Figs. 5A and C) and in older preserved specimens, less
obvious (Figs. 5D). There is no mention of discal tentacles whatsoever in Klunzinger’s
(1877) description, and it is likely he described what was most obvious from the
Berlin specimen. Regardless of anemone size or location where it was collected, shape
and size of discal tentacles were consistent in its form for all materials we examined.
The inconspicuous and reduced form of discal tentacles in P. pinnulatus is
distinct from its congeners depicted in primary scientific literature, and of type
materials we studied. Those of P. crucifer, P. loligo, and P. rhizophorae are illustrated
to be conspicuous and papilliform (see P. crucifer: Durden 1900: pl 10, fig 1;
P. loligo: Klunzinger 1877: pl. 6, fig. 7, pl. 7, fig. 3 and Carlgren 1900: pl. 2, fig. 3;
P. rhizophorae: Mitchell 1890, pl. 36, fig. 5). Discal tentacles present on syntypes of
P. sansibaricus (ZMH C2620 and ZMH C2627) and P. strandesi (ZMH C2585) are
also conspicuous and papilliform, like those depicted for P. loligo. Among syntypes
of P. levis (ZMB.CNI.3811, NRS5557), we found that discal tentacles of this species
are very different: they resemble marginal tentacles stunted in growth, unlike those
of P. pinnulatus and P. loligo.
On P. muscosus found nearby (i.e., Indonesia and northern Australia), Kwietniewski (1898: 420) wrote “Sonst erscheint diese Partie der Mundscheibe ganz glatt,
und nur nach sehr sorgfältiger Prüfung fand ich auf mehreren Sectoren der Mundscheibe Reihen von runden, äusserst geringen Erhebungen, welche als die Rudimente der scheibenständigen Tentakel zu deuten sind,” referring to slight bumps
as ‘rudiments of disc-like tentacles,’ visible after ‘careful examination’, and an apparent overall smoothness to the area around the mouth. Moreover, illustrations in
Kwietniewski’s report (1898: pl. 29, figs. 57, 58) show P. muscosus with a smooth
oral disc, without discal tentacles. Similarly, Pax (1924) makes no mention of any
discal tentacles found on the oral disc of P. buitendijki. Both Kwietniewski (1898)
and Pax (1924), did not examine the holotype of P. pinnulatus; neither did workers
before and after them (e.g. Haddon and Shackleton 1893; Haddon 1898; Stephenson 1922; Carlgren 1949, 1950). Given the close geographical proximities between
these three reported species, it is possible that some individuals described by them
as P. muscosus and P. buitendijki are in fact P. pinnulatus instead. Having examined
the syntypes of P. muscosus collected by Dr AC Haddon, and P. buitendijki that Pax
(1924) had examined, we found at least one resembling P. pinnulatus within the lots
(i.e., MZC.I.33745 and RMNH.COEL.3876).
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Discal tentacle form appeared to be consistent for all P. pinnulatus type and voucher materials examined here. We propose that this trait could be a stable character to
help infer and define species boundaries for members of Phymanthus. As of writing,
many members of this genus remain poorly described; whether the discal tentacle form
is truly a useful trait to define species boundaries among members of Phymanthus warrants further study.

Cnidom
In this study, we report upon the cnidom of P. pinnulatus (Table 1, Fig. 7) for the first
time. Although cnidom data are a necessary component in modern actinian taxonomic
descriptions (Fautin 1988), none have been reported in the original description.
All three cnidae types (i.e., spirocysts, basitrichs and microbasic p-mastigophores)
were found in tissues of P. pinnulatus examined for this study; these agree with the
diagnosis of the genus Phymanthus (Carlgren 1949: 74). Because the use of cnidom
data in anemone systematics only became routine after the 1940s (Fautin 1988),
many published descriptions of other Phymanthus species we reviewed did not have
any cnidae type or capsule size data for comparison (e.g. Haddon and Shackleton
1893; Kwietniewski 1898; Pax 1924) as these descriptions were published before the
1940s. Among reports that had cnidae size data, we found those of P. crucifer from
the Gulf of Mexico (see Gonzalez-Muñoz et al. 2015), P. pulcher from the Aegean Sea
(see Chintiroglou and den Hartog 1995) and Phymanthus muscosus from the Great
Barrier Reef (Carlgren 1940, 1950) to be sufficiently detailed and therefore useful
for comparison. Cnidae sizes and types of P. pinnulatus were consistently different
from P. crucifer and P. pulcher. Basitrichs in the mesenterial filaments of P. pinnulatus
were much longer than those found in P. crucifer (basitrich length: P. pinnulatus =
27.0–38.0 μm; P. crucifer = 24.0–25.0 μm, see Gonzalez-Muñoz et al. 2015: fig.
3). Also, small basitrichs like those depicted in the actinopharynx of P. crucifer
(see Gonzalez-Muñoz et al. 2015: fig. 3) were absent in P. pinnulatus. In tissues of
P. pulcher, microbasic b-mastigophores were found (Chintiroglou and den Hartog
1995), but we did not encounter any in tissues of P. pinnulatus. Moreover, basitrichs
in the marginal tentacles and mesenterial filaments of P. pinnulatus are larger than
those in P. pulcher. The cnidom data of P. muscosus (shown in Carlgren 1940, 1950)
largely agreed with those of P. pinnulatus – we hypothesize that individuals identified
by Carlgren (1950) as P. muscosus are likely to be P. pinnulatus too. From all syntypes
of P. levis examined in this study, we found microbasic p-mastigophores present
in the tissues of marginal projection and column. This cnida was absent from the
same tissues of P. pinnulatus. Overall, we found a difference of both cnidae type and
capsule sizes among P. pinnulatus and its congeners. While cnidae type and size alone
cannot distinguish species (Fautin 1988), when used together with other traits that
are consistent (i.e., discal tentacle appearance) it appears that this feature can be useful
in differentiating Phymanthus species.
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Morphotypes
Intraspecific morphotypes of Phymanthus anemones have been widely documented in
primary scientific literature, with reports focused on P. crucifer’s variable appearance of
protuberances (see Duerden 1900; González-Muñoz et al. 2015). In some individuals
these are reduced knobs; in others they are entirely absent. Uncertainty persists concerning the usefulness of this character in distinguishing congeners or even members of Phymanthidae (i.e., between Phymanthus and Heteranthus; see Gonzalez-Muñoz et al. 2015).
Among P. pinnulatus individuals collected and examined here, we encountered some
specimens exhibiting this variation. Morphotypes with absent or reduced protuberances
were typically encountered from the south of Singapore, although this was confined to a
small number of individuals (5 out of 53) that was collected over 16 years. Like the study
on P. crucifer by Gonzalez-Muñoz et al. (2015), we did not find an ecological cause for
this. Furthermore, Gonzalez-Muñoz et al. (2015) and Brugler et al. (2018) found little
genetic differentiation among P. crucifer morphotypes examined. While we did not have
the opportunity to test for any genetic differences among P. pinnulatus morphotypes, we
hypothesize that there is little or no variation among them. On a population basis we conclude that all morphotypes examined in this study must be of a single species, similar to
observations and interpretations of Duerden (1900), Gonzalez-Muñoz et al. (2015) and
Brugler et al. (2018) on P. crucifer. We conclude that this variation may not be extensive;
overall the appearance of ramified protuberances is a useful character to distinguish members of the Phymanthidae at genus-level. Conversely, this trait is not diagnostic of Phymanthus species due to its variable appearance; here we infer that the discal tentacle form
and cnidom are more useful and consistent for differentiating members of the genus.

Biology
Little is known about the biology and ecology of Phymanthus anemones. On reproduction, Jennison (1981) found brooded juveniles within P. crucifer. These were encountered in individuals he had collected during the months of “December, February, and
May” (Jennison 1981: 1717). In specimens of P. pinnulatus dissected for this study,
no brooded juveniles were encountered. Most individuals studied here were collected
at different times of the year, spanning more than 40 years; we hypothesize that it is
unlikely that internal brooding occurs among P. pinnulatus. In observing individuals
kept alive in the aquaria before fixation, we did not observe any evidence for asexual
reproduction, as with Jennison (1981) and Lin et al. (2001).

Morphological comparisons with Heteranthus
As stated on the onset, the family Phymanthidae consists of two valid and extant
genera, Phymanthus and Heteranthus (Fautin 2013; 2016). Originally, members of

16

Nicholas Wei Liang Yap et al. / ZooKeys 840: 1–20 (2019)

Heteranthus were classified as a separate family, Heteranthidae (see Carlgren, 1900).
In studying a single specimen from Vietnam (i.e., H. insignis), Carlgren (1943) placed
both genera together in a single family, though he was not explicit on details for his
rationale, remarking (Carlgren 1943: 30), “… we now know the organization of the
genus better, I think that it can be brought together with Phymanthus in a family.
Both genera are closely related to each other.” Based on his monograph published
thereafter, we infer that Carlgren grouped these two genera together due to members
of Phymanthus and Heteranthus having discal and marginal tentacles (Carlgren 1949).
Largely, he distinguished these two genera largely on the presence of protuberances on
the marginal tentacles (see Carlgren 1940: 74).
However, in his diagnosis of Heteranthus, Carlgren (1949: 75) further differentiates Heteranthus from Phymanthus stating that members of the former have, “… large
verrucae, which at the margin are small and more numerous and overhang the fosse.”
We examined the syntype of H. verruculatus (ZNB Cni 1852) and holotype of H.
insignis (NRS4076) and found this character to be present: verrucae resembling conspicuous warts densely cover each marginal projection of Heteranthus specimens, that
extend out into the fosse. These were absent on the marginal projections of all type
and voucher specimens of Phymanthus anemones we have examined for this study (e.g.
see Fig. 4F). This character clearly distinguishes the two Phymanthidae genera, despite
both having discal and marginal tentacles.

Conclusions
In Table 2, we summarise differences in discal tentacle appearance, cnidom, and type
localities for eight Phymanthus species. These are based on details from prior publications and our own observations of type materials, if present. Of those for which
we have examined type materials, eight were comprised only of one anemone species
within the lot. An updated, detailed taxonomic account for the other Phymanthus species will be discussed in a separate manuscript.
Fautin (2013, 2016) listed eleven valid species of Phymanthus worldwide. Despite
the comprehensive redescription of P. pinnulatus attempted here, taxonomic confusion
still exists for nearly all remaining Phymanthus species. Apart from P. crucifer, species
boundaries defining remaining members are unclear. In reviewing published descriptions of other Phymanthus species, apart from P. crucifer, we found that much of the
confusion is exacerbated by a lack of thoroughness in examining type and voucher specimens. Our study addresses this limitation for P. pinnulatus, but other members of the genus require similar treatment along with a formal revision of the family Phymanthidae.
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Table 2. Comparison of discal tentacle form, cnidom, and type localities of eight Phymanthus species.
The symbol “×” indicates that the trait was found; “?” indicates that the trait was not examined in detail
when the animal was first described and thereafter; a blank denotes that the trait was not observed from
the species at all. Abbreviations: a, actinopharynx; c, column; pt, protuberances; dt, discal tentacles; mf,
mesenterial filaments; mp, marginal projection; mt, marginal tentacles.
Morphological traits
Discal tentacle
form

pinnulatus

levis

Papilliform
×

Conspicuous
Reduced

×

×

×

×

×
×

pulcher
?

rhizophorae
×

?

×

?
×

×
×
×
×
×
×
×
×

Cnidae

a
c
pt
dt
mf
mp
mt
Microbasic a
p-mastic
gophores
pt
dt
mf
mp
mt
Microbasic a
b-mastic
gophores
pt
dt
mf
mp
mt
Spirocysts a
c
pt
dt
mf
mp
mt
Type locality
References

×

loligo
×

×

As a stunted tentacle
Basitrichs

Phymanthus species
strandesi sansibaricus crucifer
×
×
×

×
×
×
×
×
×
×
×
×

×
×

×
×

×
×
Singapore
Indonesia
Klunzinger Kwietniewski
1877; This
1898
study

?
×
×
×
×
×
×
×
×

×

×
×

×

×
×
×
×
×
×
×
×

×

×
×

×
East Africa
Carlgren 1900

×
×
×
×
×
×
×
×

?
?
?
?
?
?
?
?
?
?
?
×
?
?
?
?
?
?
?
?
?
?
?
?
×
?
×
?
?
?
×
?
Caribbean Red Sea
Andrès
Andrès
1883;
1883;
Duerden Carlgren
1900;
1900
GonzálezMuñoz et
al 2015

×
×
?
?
×
?
×

?
?
×
?

?
?
×
?
×

×
Mediterranean
Andrès 1883;
Chintiroglou
and den
Hartog 1995

?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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Mitchell
1890;
Haddon
1898
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Abstract
Ennea nigeriensis sp. n. is described from southeastern Nigeria on the basis of external and internal shell
morphology. Following Pilsbry’s formal criteria of a single palatal fold and corresponding external furrow,
the new species may be assigned to Parennea. Ennea nigeriensis sp. n. exhibits substantial similarity with E.
serrata, a species from Cameroon, in the cylindrical shell shape, crenulate suture, and internal shell morphology, indicating that the two species are closely related. CT scanning confirmed the presence of only a single
palatal fold in E. nigeriensis sp. n. and two in E. serrata. In spite of this, the Nigerian species is provisionally
assigned to Ennea rather than Parennea, suggesting that the characters used to define Ennea and Parennea are
insufficient to delimit natural groups of species. The holotype of E. serrata is examined for the first time since
its description in 1896 and a redescription of the species is provided based on the two shells hitherto known.
Study of the original specimens recorded as Ptychotrema (Parennea) sulciferum by Degner from Liberia reveals
these to belong to Ennea cf. thompsonae. The Nigerian shell recorded by van Bruggen as Ptychotrema (Parennea)
aequatoriale proved to be a specimen of Ennea cf. perforata. As a result, no species attributable to Parennea now
appear to be known in West Africa; in contrast, numerous species are known from central and eastern Africa.
Keywords
Afrotropical region, Cameroon, computerised tomography, land snail, Liberia, Nigeria, Ptychotrema, shell
morphology, Stylommatophora, taxonomy
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Introduction
The land snail fauna of the Southwest Province of Cameroon (effectively, the area
around Mount Cameroon) is comparatively well known due to the pioneering work
by von Martens (1876), and the thorough and beautifully illustrated publication by
d’Ailly (1896). Additional taxa were introduced in various later studies (Boettger 1905;
Degner 1934a; Odhner 1927, 1934; Van Mol 1970; Adam 1981; de Winter 2017).
Still, our knowledge is far from complete. Various species are only known by the
original description and often have inaccurate locality data. One example is the streptaxid
Ennea serrata d’Ailly, 1896, which was described from “Camerunia”. Adolf d’Ailly (1896)
attributed the species to the genus Ennea H. & A. Adams, 1855, well before Pilsbry
(1919) defined and classified Ennea as a subgenus of Ptychotrema L. Pfeiffer, 1853. Before
1919, Ennea was used as a generic heading for numerous, but not necessarily closely related streptaxid species in and outside Africa. Pilsbry (1919) recognised more subgenera and
sections within Ptychotrema, among others Parennea Pilsbry, 1919. Adam et al. (1994)
classified Ennea serrata as a member of the subgenus Ennea in Pilsbry’s sense based on the
original description and illustrations. The present paper appears to be the first study of the
holotype shell since its description. Only one more shell has been reported (Jaeckel 1956),
but since the specimen was neither described nor illustrated, its identity was not certain.
This investigation was triggered by the discovery of a Nigerian streptaxid species
that we initially attributed to Parennea, because only a single palatal fold and corresponding external furrow were seen in the shell aperture. In shape and sculpture it
strongly resembles the original illustrations of E. serrata. However, according to the description by d’Ailly (1896), E. serrata is noticeably larger and possesses two palatal folds
and corresponding external depressions, typical of Ennea in Pilsbry’s (1919) sense. The
present paper provides a redescription of E. serrata and compares this species with the
Nigerian Parennea-like specimens described here.
Parennea species have been reported from throughout Equatorial Africa. The Democratic Republic of the Congo (formerly Belgian Congo and Zaire) has by far the largest diversity, but the taxon has also been reported from Angola, Cameroon, Ethiopia,
Gabon, Kenya, Malawi, Rwanda, Somalia, Tanzania, and Uganda (Pilsbry 1919; Adam
and Van Goethem 1978; van Bruggen 1989; Verdcourt 2006; Wronski and Hausdorf
2007; de Winter 2008; Boxnick et al. 2015). Since Adam et al. (1994) transferred the
Liberian species Ptychotrema (Parennea) subtusangulatum Degner, 1934, from Parennea
to Ennea, only two records of Parennea species from the area between Liberia and the
Calabar River (Nigeria) remain. The identity of these two records is addressed here.
The classification of African Streptaxidae is presently still largely based on Pilsbry’s (1919) system, which was tailored for the species of the Congo. Only the genus
“Gulella” in Pilsbry’s sense has partly been revised (see Rowson and Herbert 2016).
Species attributed to Ennea and Parennea are rather variable in shell shape, size, and
sculpture, including that of the protoconch (Adam and Van Goethem 1978; van
Bruggen 1989; Adam et al. 1994; de Winter 2008 and unpublished), to the extent that it appears rather uncertain that these taxa constitute monophyletic entities.
Shells of species attributed to Parennea, and most taxa attributed to Ennea, differ
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profoundly from those of typical Ptychotrema. We therefore prefer not to treat these
taxa as subgenera of Ptychotrema, which would imply a close relationship between
them, which in our opinion is very unlikely. Following major syntheses like Zilch
(1960) and Schileyko (2002), we here provisionally treat Ennea and Parennea as two
independent genera. However, we realise that some species now attributed to Parennea may be more related to some Ennea species and vice versa, as was already noted
by Adam and Van Goethem (1978). However, the type species of Ennea and Parennea are conchologically very dissimilar. We therefore prefer to retain them as distinct
genera, but we expect that an ongoing study will lead to the recognition of further
taxa. Whilst citing opinions of earlier workers in this paper, Ennea and Parennea are
used in the original combinations.
This paper is dedicated to the memory of Professor Chris Omamoke Oke, who
passed away in September 2018. Chris was one of precious few terrestrial malacologists in West Africa, working at Benin University, Nigeria, for more than 25 years. His
untimely death is a great loss for the field of African non-marine Malacology. We lost
a dear colleague, who contributed greatly to this paper.

Materials and methods
The following acronyms have been used for museum collections:
MCZ
RMNH
SMNH
ZMB

Museum of Comparative Zoology Harvard University, Cambridge,
Mass, USA;
Naturalis Biodiversity Center, formerly Rijksmuseum van Natuurlijke
Historie, Leiden, The Netherlands;
Swedish Museum of Natural History, Dept of Invertebrate Zoology,
Stockholm, Sweden;
Museum für Naturkunde, Mollusc Collection, Berlin, Germany (formerly Zoologisches Museum Berlin).

Shells were measured and photographed using a Leica M165c stereo microscope with
a Leica DFC420 microscope-mounted camera using Leica LAS 4.4 software and Helicon Focus stacking software. The holotype of E. serrata (in alcohol) and the holotype
of the new taxon from Nigeria were scanned with a Bruker SkyScan1172 Micro-CT
scanner (Naturalis Biodiversity Center, Leiden). A voltage of 40 kV was used with
a flux of 250 µA, at a full 360° rotation. Medium camera settings were used, with a
runtime of approximately 30 minutes. The dry shell of the new taxon from Nigeria was
mounted in a gelatin capsule filled with cotton wool, while the holotype of E. serrata
was mounted in a plastic tube filled with ethanol. Projection images were trimmed and
reconstructed using Bruker’s NRecon software. The reconstructed TIFF-images were
fully rendered in Avizo 9.4.0 (FEI 2016), using the 3D-volume rendering function and
sliced to produce digital cross-sections. Surface models for the CT-scanned specimens
are available in MorphoSource (see links in descriptions below).
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Systematic account
Ennea serrata d’Ailly, 1896
Figs 1A–F, 2A–E, 3A–E
Ennea serrata d’Ailly, 1896: 17, pl. 1, figs 38–41.
Ptychotrema (Ennea) serrata – Jaeckel 1956: 355.
Ptychotrema (Ennea) serratum – Adam et al. 1994: 89.
Material examined. Holotype (SMNH type-956, in ethanol): CAMEROON “Camerunia, ubi?”. Other material: CAMEROON, Kamerunberg, Musake Haus, 1850
m (ZMB 101777/1 dry shell).
The specimen reported by Jaeckel (1956) proved to belong to this species and
is the second specimen known. Study of both specimens, together with the internal
shell morphology revealed by computerised tomography (CT) scanning, enables some
emendation of the original description.
Description. Mean shell height 7.1 mm, with c. 7 whorls, mean shell diameter
2.85 mm (Table 1). Shell cylindrical or subcylindrical, widest at penultimate whorl,
apical whorls conical and somewhat more convex than the later ones (see also http://
www.morphosource.org/Detail/SpecimenDetail/Show/specimen_id/21851). Protoconch with about 2.5 whorls, protoconch of holotype rather worn, sculpture of the
Musake specimen appearing smoothish and glossy, but the eroded suture obscures
the transition to the teleoconch; in unworn specimens the transition may be marked
by the onset of the subsutural crenulations (as is the case in E. nigeriensis sp. n., described below). Umbilicus closed, not perforate as indicated in the original description.
Umbilical region below the basal lip with fine, sharp ribs. Teleoconch fairly smooth
with irregular growth lines, at some spots the subsutural crenulations extending into
irregular, oblique ribs. Suture deep. The original description mentions the presence of
very fine decussations at the third whorl (´tertius subtus lineis tenuissimis, oculo nudo
haud conspicuis, decussatus’), which were no longer discernable in the holotype, nor
in the better-preserved second specimen. Peristome entire, squarish, slightly higher
Table 1. Shell measurements of Ennea serrata d’Ailly and E. nigeriensis sp. n. Abbreviations: SH, shell
height; SD, shell diameter; HLW, height of last whorl; PH, peristome height; PD, peristome diameter; W,
number of whorls; CT, coiling tightness W:lnH.
Ennea
nigeriensis

Ennea serrata

Holotype
voucher 1
voucher 2
voucher 3
voucher 4
mean/median
holotype
voucher ZMB

SH
5.1
5.3
6.6
5.7
5.3
5.6
7.3
6.9

SD
2.2
2.2
2.4
2.4
2.1
2.3
2.8
2.9

HLW
2.4
2.5
2.9
2.7
2.4
2.6
3.4
3.3

PH
1.6
1.6
1.9
1.8
1.6
1.7
2.3
2.1

PW
1.4
1.5
1.7
1.6
1.5
1.5
1.9
2.0

W SH/SD HLW/SH PH/HLW PH/SH PH/PW
6.5 2.4
0.5
0.7
0.3
1.1
6.5 2.4
0.5
0.6
0.3
1.1
7.6 2.7
0.4
0.6
0.3
1.1
6.9 2.4
0.5
0.6
0.3
1.1
6.5 2.5
0.5
0.7
0.3
1.1
6.8 2.5
0.5
0.7
0.3
1.1
7.2 2.6
0.5
0.7
0.3
1.2
6.9 2.3
0.5
0.6
0.3
1.1

CT
4.0
3.9
4.0
4.0
3.9
4.0
3.6
3.6
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Figure 1. Different views of holotype shells of Ennea serrata d’Ailly, 1896 (A–F SMNH Type-956) and
E. nigeriensis sp. n. (G–K RMNH.MOL.341194). Scale bar: 2 mm.

than wide, palatal wall more or less strongly incurved. Columella appears externally
as a slightly widened plate, not bidentate as indicated in the original description. CT
scanning shows the columella to be a slightly twisted, slender pilaster with a single
small dilatation (Fig. 3H, I). Parietal wall emarginate above the angular tooth. Angular lamella starts at the rear side of the strong and protruding angular tooth (an
ad-apertural view (Fig. 3J) provides the suggestion of an initial hairpin turn), and coils
regularly inwards for about half a whorl, thereby gradually decreasing in height (Fig.
3I, J). Internal wall of body whorl with two palatal folds. The upper fold strong and
very long, running for almost an entire whorl from its starting point above the angular
tooth towards the palatal lip of the peristome; its termination is just before (and largely
obscured by) the swollen palatal lip. The lower palatal fold is less strong and extends
for only about half a whorl, ending well before the peristome (Fig. 3F–H). Both folds
correspond with external depressions on (parts of ) the body whorl.
Ecology. The Musake specimen was found at 1850 m altitude in the litter layer of
a rather moist montane forest rich in ferns, mosses and lichens (Jaeckel 1956).
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Figure 2. Different views of voucher specimens of Ennea serrata d’Ailly, 1896 from Musake Haus,
Mount Cameroon (A–E ZMB 101777) and E. nigeriensis sp. n. (F–J and K–M RMNH.MOL.341195).
Scale bar: 2 mm.
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Figure 3. Computerised tomographic images of holotype shells of Ennea serrata d’Ailly, 1896
(A–E SMNH Type-956) and E. nigeriensis sp. n. (F–J RMNH.MOL. 341194). A, F external shell in
frontal view B, G internal shell in frontal view C, H internal view of body whorl, showing columella,
angular lamella, and palatal fold(s) (indicated by arrow) D, I view of body whorl ceiling, showing course of
angular lamella E–J ad-apertural view in body whorl, showing course of angular lamella. Holotype shells
are of different dimensions but are scaled to approximately the same size here.

Ennea nigeriensis sp. n.
http://zoobank.org/3607B789-595A-450F-B83B-23EB9C6458EE
Figs 1G–K, 2F–M, 3F–J
Material examined. Holotype (RMNH.MOL.341194) NIGERIA, Cross River State,
Agbokim; 5.9833N, 8.7500E, alt. < 100 m; O.C. Oke leg. Other material: 4 voucher
shells (RMNH.MOL.341195), same data as holotype.
Diagnosis. Shell small, elongate-cylindrical to elongate ovoid (see also http://
www.morphosource.org/Detail/SpecimenDetail/Show/specimen_id/21852).
Shell
surface with irregular growth lines and coarse subsutural crenulations extending into
weak ribs further down the whorl. Shell strongly resembling that of E. serrata in shape
and sculpture, but differing by the presence of a single palatal fold and corresponding
external depression rather than two; in being ca. 20% less wide (and mostly much
shorter), with ca. 10% less wide protoconch; and in having tighter coiled whorls.
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Description. Shell dimensions: see Table 1. Shell elongate cylindrical or elongateovoid, greatest width at penultimate whorl, last whorls less convex than upper whorls,
apex subconical. Shell height 5.1 – 6.6 mm with c. 6½ – 7½ whorls. Protoconch large,
c. 2¾ whorls, smoothish, protoconch suture simple, transition to teleoconch marked
by the onset of the crenulated teleoconch suture. Teleoconch behind the aperture for a
short distance with very fine, sharp, distant ribs, rest of the shell with irregular growth
lines, the subsutural crenulations at some spots extending into indistinct, low ribs. Suture deep. Umbilicus closed, umbilical region behind the basal lip with fine, sharp ribs.
Peristome entire, palatal, basal and columellar wall wide but not strongly reflected, parietal wall with a deep indentation above the strong, protruding angularis. Palatal wall
with a blunt mid-palatal swelling. Columellar plate externally appearing as a widened
plate with a median protrusion. CT scanning shows the columella as a slightly twisted
pilaster with a single small dilatation (Fig. 3C, E). Angular lamella coils regularly inwards for about half a whorl, gradually diminishing in height (Fig. 3C, D). Even more
strongly than in E. serrata, an ad-apertural view suggests the angular lamella to have
an initial hairpin turn which in fact is caused by the lamella being continuous with
the angular tooth. A single palatal fold, corresponding with a single, not very deep,
external depression, runs for almost an entire whorl from its starting point on the inner wall above the angular tooth towards the palatal peristome lip; its termination is
obscured by a swelling of the palatal lip. In transparent shells the internal lamella can
be externally seen starting above the peristome as far as the point which the parietal
and palatal walls join. This was confirmed by CT scans of the holotype shell, which
also demonstrate the absence of a second palatal fold (Fig. 3A–C).
Ecology. The area where the species was collected lies at a rather low elevation, less
than 100 m. It may have been collected near the Agbokim waterfall.
Remarks. Although the apertural morphology of the Nigerian shells suggests these
to be a member of Parennea, they strongly resemble the two known shells of E. serrata
in overall morphology and are obviously closely related. Pilsbry’s (1919) characters
defining Ennea and Parennea do not appear to delimit natural groups of species. Both
taxa exhibit the same variation in shell shape, the shells are either cylindrical or elongate ovoid (cf. Figs 1A, 2A, Figs 1G, 2F). Ennea nigeriensis is rather variable in shell
height, but on average considerably shorter (Table 1). One exceptionally tall specimen
is only a trifle shorter than the shells of E. serrata, but is substantially (20%) less wide
(Fig. 2K–M; Table 1). In the two known shells of E. serrata, the upper half of the
palatal lip is more strongly receding than in nigeriensis shells. The distance between
the known localities of the two taxa is c. 200 km. Further collecting, especially of live
snails, is required to test the taxonomic decisions taken.
Ennea nigeriensis superficially resembles E. okei (de Winter, 1996), which is a much
larger species with a short angular lamella, as well as a quite different internal shell
morphology (unpublished CT data).
Ennea nigeriensis may be attributed to Parennea, but differs substantially from
other species attributed to this taxon. The species is larger than most Parennea species known to date. Only P. circumcisa (Morelet, 1885), P. usambarensis (Verdcourt,
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1958), P. sperabilis (Preston, 1910), and P. connollyi (Dupuis & Putzeys, 1922) possess
shells larger than 5 mm. Judging from the available illustrations and descriptions, P.
usambarensis from eastern Tanzania is somewhat similar in shape, size and in peristome
morphology; its shell has strong ribs that extend over the entire whorl and is more
tightly coiled, its palatal tooth seems sharper (resulting in a more sharply protruding
lip in lateral view), and the palatal lamella seems to extend less far into the body whorl
(Adam and Van Goethem 1978).

The identity of Ptychotrema (Parennea) sulciferum sensu Degner in Liberia
Degner recorded Ptychotrema (Parennea) sulciferum (Morelet, 1884) from Du River,
Liberia and provided line drawings of three shells (Degner 1934b, fig. 8). This species was described from Landana, Cabinda (exclave of Angola), and later recorded
from Angola, Uganda (van Bruggen 1989) and Cameroon (de Winter 2008). The
Liberian record was not addressed in two major Parennea studies (Adam and Van
Goethem 1978; van Bruggen 1989). De Winter (2008) refuted Degner’s specific
identification and suggested the Liberian shells to belong to an as yet unknown
Parennea species. In Degner’s drawings the characteristic acuminate apex of P. sulcifera is lacking, but they do show a single palatal fold on the last whorl characteristic
for Parennea species. Degner’s material was collected by Joseph Bequaert and could
be borrowed from his collection in MCZ. Study of the three specimens revealed
the presence of a second palatal fold and a shallow and easily overlooked additional
furrow on the back of the shell (Fig. 4D, E). These characters assign the species to
Ennea rather than Parennea.
An attempt to identify Degner’s specimens with a known Ennea species revealed
a strong resemblance to shell drawings that Degner provided in another publication
(Degner 1934a) as Pt. (E.) elegantulum (L Pfeiffer, 1846). However, in the very same
paper in which P. sulcifera was reported, Degner (1934b: 372, footnote) corrected his
previous identification of Pt. (E.) elegantulum to Pt. (E.) thompsonae Connolly, 1928.
Curiously, in the same paper in which Degner (1934b) reported P. sulcifera from Du
River, he also recorded E. thompsonae from that locality. Obviously an error occurred.
It seems likely that all shells from Du River belong to the same species. We assume
that Degner misidentified the three shells as Parennea due to their unusual small size
and rather eroded state, largely (but not completely) obscuring the characteristic (for
E. thompsonae) crenulated suture. We provisionally identify this species as Ennea cf.
thompsonae, as the shells from Du River are noticeably smaller than the type material
of this species from Sierra Leone (see Connolly 1928).
Although Degner (1934b) acknowledged that his previously published description
and figure of the genital anatomy of Pt. (E.) elegantulum actually related to E. thompsonae, some subsequent authors were apparently unaware of Degner’s correction (but not
Adam et al. 1994). For instance, Schileyko (2000: 798, fig. 1040) based his anatomical characterization of Ennea on Degner’s (1934a) illustration of E. elegantula, thus
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Figure 4. A–C Shells of Ennea cf. thompsonae Connolly from Du River, Liberia (MCZ 77331), identified and illustrated by Degner (1934b, fig. 8a–c) as Ptychotrema (Parennea) sulciferum. D, E enlarged views
of body whorl of shell C arrows pointing to second external furrow (D) and second palatal fold in aperture
(E). Scale bar: 2 mm (A–C).

on E. thompsonae (but provided a drawing of a correctly identified shell). Also Binder
(1963) illustrated the genital anatomy of E. elegantula with Degner’s drawings, but
provided shell drawings of what appears to be true E. elegantula (as did Daget 2003,
who copied Binder’s figures). Remarkably little is known of the type species of Ennea,
including its anatomy and distribution.
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The identity of Ptychotrema (Parennea) aequatoriale sensu van Bruggen in Nigeria
Van Bruggen (1991) identified a single damaged shell from Kwale, Nigeria, as Pt.
(Parennea) aequatoriale Pilsbry, 1919, a species originally described from the Ituri forest in the eastern DR Congo. This species was subsequently recorded from various
other Nigerian localities (e.g., Oke and Alohan 2006; Oke and Chokor 2009). Comparison of the Nigerian specimen studied by van Bruggen (RMNH.MOL.273794,
Fig. 5A–D) with drawings of the holotype shell of P. aequatorialis (Pilsbry 1919, fig.
83) and shell drawings in Adam and Van Goethem (1978, figs 20, 21) shows significant differences. We illustrate a specimen P. aequatorialis from Yanongo, eastern DR
Congo (Fig. 5E–H). The Nigerian shell is similar in size (4.1 × 2.2 mm), but differs in
its more elongate shape, much less acuminate apex, wider umbilicus, and less distant
ribbing on the teleoconch without spiral sculpture in the interstices. However, the
most significant difference is the presence of a second palatal fold and correspond-

Figure 5. A–D Shell of Ennea cf. perforata d’Ailly reported by van Bruggen (1991) as Ptychotrema
(Parennea) aequatoriale. E–H shell of Parennea equatorialis (Pilsbry, 1919) from Yanongo, DR of Congo
(RMNH.MOL.273704). Scale bar: 1 mm.
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ing second external furrow, indicating that this species cannot be a Parennea, but by
definition, is a species of Ennea. The Nigerian specimen resembles the original illustration of Ennea perforata d’Ailly, 1896, a not uncommon, but surprisingly little known
species that was described on the basis of a single shell from an unknown locality in
Cameroon. This species has been reported from various localities in Cameroon (Jaeckel
1956; de Winter and Gittenberger 1998) as well as from Bioko (Germain 1916; Ortiz
de Zarate Lopez and Ortiz de Zarate Rocandio 1956; Wronski et al. 2014). We tentatively identify the Nigerian specimen as Ennea cf. perforata in view of the variability of
the Nigerian and Cameroonian material (unpublished data), and the unclear status of
some similar nominal species. A revision of this species group is in preparation.
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Abstract
The Bornean representatives of the genus Georissa (Hydrocenidae) have small, dextral, conical, calcareous
shells consisting of ca. three teleoconch whorls. Our recent study on the Georissa of Malaysian Borneo
has revealed high intra- and inter-specific variation in the “scaly” group (a group of species with striking
scale-like surface sculpture). The present study on the “non-scaly” Georissa is the continuation of the species revision for the genus. The “non-scaly” species are also diverse in shell sculptures. This informal group
comprises Georissa with subtle spiral and/or radial sculpture. The combination of detailed conchological assessment and molecular analyses provides clear distinctions for each of the species. Conchological,
molecular, and biogeographic details are presented for 16 species of “non-scaly” Georissa. Three of these
are new to science, namely Georissa corrugata sp. n., Georissa insulae sp. n., and Georissa trusmadi sp. n.
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Gastropods, limestone, morphology, phylogenetic, species delimitation, Sabah, Sarawak Malaysian Borneo
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Introduction
The genus Georissa Blanford, 1864 (Hydrocenidae) comprises minute terrestrial snails,
generally characterized by a small, dextral, conical, calcareous shell with ca. three teleoconch whorls (Bandel 2008; Thompson and Dance 1983; Vermeulen et al. 2015).
Georissa is primarily restricted to environments rich in calcium carbonate (CaCO3).
They are found in variable abundances on wet and shaded limestone walls or rocks, but
occasionally on sandstone rocks and in vegetation that is not associated with a rocky
substrate (Haase and Schilthuizen 2007; Khalik et al. 2018). They have a calcareous
operculum, constructed in a concentric paucispiral manner and a peg attached at the
inner surface. The hemi-spherically shaped protoconch has a distinct microsculpture,
which often shows species-specific distinctness (Khalik et al. 2018).
Until recently, simple conchological analyses have been the main approach to describe and study the species of Bornean Georissa. In our recent systematic study of the
“scaly” Georissa (see Khalik et al. 2018), however, we combined molecular, detailed conchological examination and biogeographic data of each species to assist in the process
of species delimitation. We have revealed that this group of minute land snails has high
intra- and inter-specific variation, especially in shell shape, size, aperture, and sculptural characters, as well as high allopatric diversity. Here, we provide a complete list of
known “scaly” Georissa of Borneo: G. scalinella (van Benthem-Jutting, 1966); G. saulae
(van Benthem-Jutting, 1966); G. hosei Godwin-Austen, 1889; G. anyiensis Khalik et al.,
2018; G. muluensis Khalik et al., 2018; G. hadra Thompson & Dance, 1983; G. kobelti
Gredler, 1902; G. niahensis Godwin-Austen, 1889; G. silaburensis Khalik et al., 2018;
G. bauensis Khalik et al., 2018; G. pyrrhoderma Thompson & Dance, 1983; G. kinabatanganensis Khalik et al., 2018; G. sepulutensis Khalik et al., 2018. Striking allopatric
patterns are well-known from several other microsnail taxa of Southeast Asia (see Liew et
al. 2014, Hoekstra and Schilthuizen 2011, Rundell 2008, Tongkerd et al. 2004). These
studies have led to the realisation that the geographic variation of different populations
needs to be well understood and used as an important guideline for species delimitation.
Previous phylogenetic studies on the Bornean Georissa based on 16S and CO1 mtDNA
allowed species to be recognised as monophyletic clades. There were at least two exceptions to this pattern, G. kobelti and G. saulae, which are paraphyletic with respect to
the locally endemic, conchologically distinct G. niahensis and G. filiasaulae, respectively
(Khalik et al. 2018; Schilthuizen et al. 2005). Such paraphyletic patterns are not unexpected when microgeographic speciation yields recently evolved; locally endemic species
branched off from more widespread ancestors (Schilthuizen and Gittenberger 1996).
In this paper, the second part of our work on the Bornean Georissa, we apply
the same approach of combining information from multiple datasets to 16 species of
Bornean Georissa that belong to the informal “non-scaly” group, characterised mainly
by weak to strong spiral and/or radial sculptures without conspicuous scale-like sculpture on the shell. We also present the phylogenetic relationships among all Bornean
Georissa and their distribution. We describe three species new to science, namely
Georissa corrugata sp. n., Georissa insulae sp. n., and Georissa trusmadi sp. n.
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Materials and methods
Fieldwork and collection material
We examined collection material from:
RMNH
ZMA
NHMUK
BORN
MZU
MFN
JJV

Naturalis Biodiversity Center (previously collection from Rijksmuseum
van Natuurlijke Historie), Leiden,
Naturalis Biodiversity Center (previously collection from Zoological
Museum of Amsterdam), Leiden,
Natural History Museum, London,
Borneensis Collection, Universiti Malaysia Sabah,
Zoology Museum, Universiti Malaysia Sarawak,
Museum für Naturkunde, Berlin, and,
Jaap Vermeulen (personal collection).

We conducted series of fieldwork at limestone outcrops in Malaysian Borneo between September 2015 and October 2018. We searched for living Georissa on the
limestone walls and rocks, loose organic matter, and living leaves. The collected specimens were directly sorted and stored in sample tubes with ~96% ethanol. Ca. 5 liters of soil and leaf litter were sampled at every sampling location, which were later
sieved and soaked in water to collect the empty shells by flotation (Vermeulen and
Whitten 1998). The floating organic matter was extracted and dried. The shells of
Georissa were manually picked from the dried organic matter using the stereomicroscope and sorted. The holotypes, paratypes, and other materials were deposited at
MZU, BORN, and RMNH.

Morphological analysis
Microscopy. The shells were observed under a stereomicroscope for species identification and detailed examination at 40–100 × magnification. The 2-dimensional images
of the individual shell of each Georissa species were captured in three views, namely
apertural (aperture as the frontal view), side (the right side of the shell as the frontal
view), and rear (umbilical region as the frontal view) views, using AxioCamMRc5,
Zeiss PlanApo S 1.0 × FWD 60.0mm lenses. The apertural view images of each individual shell were then measured to obtain shell height (SH), shell width (SW), aperture
height (AH), and aperture width (AW).
Scanning electron microscopy (SEM). We selected a representative adult shell of
each species for detailed character examination by using scanning electron microscopy.
The shells were first cleaned in sodium hypochloride, dried and then sputter-coated
with Pd/Pt coating agent. We used a JEOL JSM-6480LV machine for SEM imaging
to obtain detailed shell characters of the teleoconch and protoconch.
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Micro-computed tomography (µ-CT). The µ-CT scanning was carried out using an Xradia 520 Versa X-ray Microscope (see Suppl. material 1 for µ-CT scanning
parameters). We obtained ca. 995 layers of X-ray images of an individual shell per scanning, which we then used to reconstruct a composite 3-dimensional image of the shell.
These images were then segmented in Avizo ver. 9.4.0 (FEI Company), to examine the
operculum, peg, and inner part of the shell.

Molecular analysis
DNA extraction. The sample preparation prior to DNA extraction procedure followed the method from Khalik et al. (2018). We extracted the genomic DNA from 52
individuals using the Qiagen DNeasy Blood and Tissue kit, and applied the protocol
provided by the manufacturer.
DNA amplification. We used the primer pairs LR-J-12887 5’-CCGGTCTGAACTCAGATCACGT-3’ (forward) and LR-N-13398 5’-CGCCTGTTTAACAAAAAACAT-3’
(reverse) (Schilthuizen et al. 2005) to amplify a fragment of 458–466 bp of 16S gene,
and LCO1490 5’-GGTCAACAAATCATAAAGATATTGG-3’ (forward) and HCO2198
5’-TAAACTTCAGGGTGACCAAAAAATCA-3’ (reverse) (Folmer et al. 1994) to amplify a fragment of 585–603 bp CO1 gene. We amplified both these mtDNA regions on a
BIO-RAD C1000 Touch Thermal Cycler. The PCR master mix and amplification procedures followed Khalik et al. (2018).
DNA Sequencing. PCR products were sent to BaseClear B.V. (Leiden, The Netherlands) and Sanger sequenced in forward and reverse directions using the ABI3730XL
sequencer, Life Technologies.

Sequence alignment and phylogenetic analyses
Sequence data. From GenBank, we downloaded 16S and CO1 mtDNA sequences of
representatives of the “scaly” group species, G. gomantonensis (Khalik et al. 2018), a full
mitochondrial genome of G. similis (Uribe et al. 2016), and, as an outgroup, Bathynerita
naticoidea (Arellano et al. 2014). We extracted the 16S and CO1 regions from the G. similis full mitochondrial genome to be included among the sequences in our phylogenetic
analysis. The newly sequenced data were assembled using de novo Geneious 10.2.3 assembler, manually edited, and trimmed for ambiguities. This resulted in a total of 68 and 55 sequences of 16S and CO1 mtDNA, respectively. Sequences were deposited in GenBank via
BankIt (https://www.ncbi.nlm.nih.gov/WebSub/) and BOLD (http://boldsystems.org/).
Sequence alignment. The 16S and CO1 mtDNA sequences were aligned to their
respective genes using default parameters of MUSCLE (Edgar 2004). The alignments
were manually checked and edited.
Phylogenetic inference. The alignment of CO1 mtDNA was set to invertebrate
mitochondrial genetic code at the third reading frame. The best fit nucleotide substitution models of the concatenated 16S and CO1 sequence alignment was determined
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using ModelFinder (Kalyaanamoorthy et al. 2017) based on corrected Akaike Information Criterion (AICc). The best-fit nucleotide model for the concatenated sequence
alignment is GTR+F+R4.
Phylogenetic analysis. We performed a maximum likelihood analysis using the
concatenated alignment using GTR+F+R4 nucleotide substitution model with ultrafast bootstrapping (5000 replicates) (Hoang et al. 2017) in IQ-TREE 1.6.3 (Nguyen
et al. 2015). We used MrBayes 3.2.6 (Huelsenbeck and Ronquist 2001) for Bayesian Inference using the following settings: GTR+I+G nucleotide substitution model;
1,100,000 number of generations; tree subsampling for every 200 generation; 100,000
burn-in length; 4 heated chains with heated chain temperature at 0.2. Details of the
newly sequenced data and their accession number are listed in Table 1.

Species delimitation and description
Species delimitation of the “non-scaly” group Bornean Georissa was carried out based
on detailed examination of the shell characters which are exclusive to the group, combined with the molecular analyses. While morphological analysis is widely accepted
for species identification in gastropods, this conventional way of species delimitation
could become very challenging when applied to the genus Georissa which show high
morphological variation within and between populations. For this reason, we applied
a similar species delimitation approach as done in the “scaly” group Georissa (Khalik et
al. 2018). In view of the considerations given in Khalik et al. (2018), we refrained from
web-based species delimitation in this case.

CO1 genetic divergence
CO1 genetic divergence was performed to determine the genetic distances between
species of the “non-scaly” group Georissa. We conducted genetic distance analysis
within and between species groups. We computed pairwise genetic distances of CO1
sequence alignment based on the nucleotide substitution model Kimura 2-parameter
in MEGA v. 7.0.26 (Kumar et al. 2016) which includes the transition + transversion,
gamma distribution, and 1000 bootstraps for variance estimate. We conducted the
analysis based on CO1 sequence data of 40 individuals comprised of nine species,
including three newly described species.

Results and discussion
Morphological and phylogenetic analyses
The “non-scaly” Georissa from Borneo are characterised by the simple spiral and/or radial sculpture on the shell, unlike the distinct scale-like structures of the “scaly” group.
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These two informal groups of Georissa could be used as an initial framework for future
species identification. Previously, Thompson and Dance (1983) divided the Bornean
Georissa into four groups, namely the “hosei”, “borneensis”, “everetti”, and “williamsi”
groups. The “hosei” group and a species of the “borneensis” group (i.e., G. pyrrhoderma)
are species with scaly sculpture. Thompson and Dance (1983) included G. monterosatiana from Peninsular Malaysia in the “hosei” group, which does not have obvious
scales on the shell. The rest of the groups of Thompson and Dance (1983) consist of
the “non-scaly” species, which were further distinguished based on their colour and
ribbing. Although shell colour may help in species-level taxonomy, we suggest not to
use colour as a character for species grouping, given the wide range of shell colour variation in most Bornean Georissa.
Our previous work on the “scaly” group Bornean Georissa (Khalik et al. 2018)
together with this present study on the “non-scaly” group have resulted in a complete
revision of the Bornean Georissa. To date, we recognise 29 species of Bornean Georissa,
of which 13 are in the “scaly” group and 16 are in the “non-scaly” group. Since we have
studied and examined all shell materials from BORN, MZU, ZMA, RMNH, MFN,
NHMUK, and JJV, we find that it is useful to highlight some issues related to the
“non-scaly” group that could be beneficial for future understanding. Firstly, the name
G. williamsi was mentioned in several publications to refer to a species with distinct
spiral ribs (Thompson and Dance 1983; Clements et al. 2008; Nurinsiyah et al. 2016;
Maassen 2003; O’Loughlin and Green 2016; Vermeulen and Whitten 1998). After
examination of the holotype of G. williamsi in the NHMUK, we find that this species name has often been misapplied. The images provided by Thompson and Dance
(1983, figs 66–68), Phung et al. (2017, fig. 8C), and Vermeulen and Whitten (1998,
fig. 15) show entirely different spiral sculpture than the ‘true’ G. williamsi. Based on the
taxonomy presented in this paper, the specimens illustrated in Thompson and Dance
(1983) are G. bangueyensis Smith, 1895; those in Phung et al. (2017) are G. insulae sp.
n.; and that in Vermeulen and Whitten (1998) is G. javana Möllendorff, 1897.
There is a similar confusion with G. borneensis, a name widely applied to both G.
similis and G. corrugata sp. n. in the collection materials. Schilthuizen et al. (2003)
mentioned G. similis, but it is presently not sure if this refers to the true G. similis or otherwise, because the collection numbers of the specimens used in their studies (materials
deposited in BORN/RMNH) was not mentioned. Georissa similis and G. corrugata are
conchologically distinct from G. borneensis (see detailed description in Systematic part).
Clements et al. (2008) and Schilthuizen et al. (2003, 2011) refer to several species
of “non-scaly” Georissa, namely, G. borneensis, G. bangueyensis, G. similis, and G. williamsi. Again, we cannot be sure whether the specimens were correctly assigned since we
could not examine the materials studied by these authors, due to similar case as above.
On the one hand, we find that “non-scaly” Georissa have strongly supported monophyletic groups with bootstrap and posterior output values in our phylogenetic analyses, ranging from 96–100 and 100, respectively. This corresponds to conchological
characters of the respective taxa. On the other hand, we find G. xesta is paraphyletic.
Discussions for each species treatment are in the Systematic part.

Conchological and molecular analysis of the “non-scaly” Bornean Georissa...

41

Table 1. List of specimens used in molecular analyses.
No.

Species

Voucher No.

1

Georissa saulae (van
Benthem Jutting, 1966)

BOR/MOL
2663-2667

2

Georissa saulae (van
Benthem Jutting, 1966)

BOR/MOL
12770

3

Georissa saulae (van
Benthem Jutting, 1966)

BOR/MOL
12770

4

Georissa filiasaulae
Haase & Schilthuizen,
2007

BOR/MOL
12768

5

Georissa filiasaulae
Haase & Schilthuizen,
2007

BOR/MOL
12768

6

Georissa filiasaulae
Haase & Schilthuizen,
2007

BOR/MOL
12768

7

Georissa pachysoma
Vermeulen & Junau,
2007

MZU/MOL
17.63

8

Georissa pachysoma
Vermeulen & Junau,
2007

MZU/MOL
17.63

9

Georissa pachysoma
Vermeulen & Junau,
2007

MZU/MOL
17.63

10

Georissa pachysoma
Vermeulen & Junau,
2007

MZU/MOL
17.63

11

Georissa similis Smith,
1893

MZU/MOL
16.14

12

Georissa similis Smith,
1893

MZU/MOL
16.14

13

Georissa similis Smith,
1893

MZU/MOL
16.14

14

Georissa similis Smith,
1893

MZU/MOL
16.14

15

Georissa bangueyensis
Smith, 1895

RMNH/MOL
5005090

16

Georissa bangueyensis
Smith, 1895

RMNH/MOL
5005090

17

Georissa bangueyensis
Smith, 1895

RMNH/MOL
5005052

18

Georissa bangueyensis
Smith, 1895

RMNH/MOL
5005052

Species name_sequence origin_location
Town/District/Division, State.
GPS coordinate
G.saulae_AY547385_Sinobang
Batu Sinobang, Sabah.
04°48.04'N, 116°37.03'E
G.saulae_Sau-001_Pungiton
Sepulut Valley, Gua Pungiton, Sabah.
04°42.41'N, 116°36.04'E
G.saulae_Sau-002_Pungiton
Sepulut Valley, Gua Pungiton, Sabah.
04°42.41'N, 116°36.04'E
G.filiasaulae_002_Pungiton
Sepulut Valley, Gua Pungiton, Sabah.
04°42.41'N, 116°36.04'E
G.filiasaulae_003_Pungiton
Sepulut Valley, Gua Pungiton, Sabah.
04°42.41'N, 116°36.04'E
G.filiasaulae_005_Pungiton
Sepulut Valley, Gua Pungiton, Sabah.
04°42.41'N, 116°36.04'E
G.pachysoma_BSM2-01_Bukit Sarang
Bukit Sarang, Bintulu, Sarawak.
02°39.31'N, 113°02.47'E
G.pachysoma_BSM2-02_Bukit Sarang
Bukit Sarang, Bintulu, Sarawak.
02°39.31'N, 113°02.47'E
G.pachysoma_BSM2-03_Bukit Sarang
Bukit Sarang, Bintulu, Sarawak.
02°39.31'N, 113°02.47'E
G.pachysoma_BSM2-04_Bukit Sarang
Bukit Sarang, Bintulu, Sarawak.
02°39.31'N, 113°02.47'E
G.similis_E001_Batu Batangan
Batu Batangan, Sabah.
05°27.61'N, 118°06.17'E
G.similis_E002_Batu Batangan
Batu Batangan, Sabah.
05°27.61'N, 118°06.17'E
G.similis_E003_Batu Batangan
Batu Batangan, Sabah.
05°27.61'N, 118°06.17'E
G.similis_E004_Batu Batangan
Batu Batangan, Sabah.
05°27.61'N, 118°06.17'E
G.bangueyensis_KPH01627.01_NewLocation1
New Location 1, Kinabatangan River, Sabah
05°27.40'N, 118°08.76'E
G.bangueyensis_KPH01627.02_NewLocation1
New Location 1, Kinabatangan River, Sabah
05°27.40'N, 118°08.76'E
G.bangueyensis_KPH01589.01_NewLocation1
New Location 1, Kinabatangan River, Sabah
05°27.40'N, 118°08.76'E
G.bangueyensis_KPH01589.02_NewLocation1
New Location 1, Kinabatangan River, Sabah
05°27.40'N, 118°08.76'E

GenBank Accession No.
16S
CO1
AY547385
(Schilthuizen et al.
2012)

n/a

MG982262
(Khalik et al.
2018)

MK722149

MG982263
(Khalik et al.
2018)

MK722150

MK411785

MK505425

MK411786

MK505426

MK411787

MK505427

MK411789

MK505443

MK411788

MK505442

MK411791

MK505441

MK411790

MK505440

MK411792

MK505446

MK411795

MK505444

MK411793

n/a

MK411794

MK505445

MK403002

MH254770

MK402999

MH254645

MK402996

n/a

MK402993

MH254230
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Species

19

Georissa bangueyensis
Smith, 1895

20

Georissa bangueyensis
Smith, 1895

21

Georissa flavescens
Smith, 1895

22

Georissa flavescens
Smith, 1895

23

Georissa flavescens
Smith, 1895

24

Georissa flavescens
Smith, 1895

25

Georissa flavescens
Smith, 1895

26

Georissa flavescens
Smith, 1895

27

Georissa flavescens
Smith, 1895

28

Georissa flavescens
Smith, 1895

29

Georissa nephrostoma
Vermeulen et al., 2015

30

Georissa nephrostoma
Vermeulen et al., 2015

31

Georissa nephrostoma
Vermeulen et al., 2015

32

Georissa nephrostoma
Vermeulen et al., 2015

33

Georissa nephrostoma
Vermeulen et al., 2015

34

Georissa xesta
Thompson & Dance,
1983

35

Georissa xesta
Thompson & Dance,
1983

36

Georissa xesta
Thompson & Dance,
1983

37

Georissa hungerfordi
Godwin-Austen, 1889

Voucher No.

Species name_sequence origin_location
Town/District/Division, State.
GPS coordinate
G.bangueyensis_KPH01589.05_NewLocation1
RMNH/MOL
New Location 1, Kinabatangan River, Sabah
5005052
05°27.40'N, 118°08.76'E
G.bangueyensis_KPH01594.01_NewLocation1
RMNH/MOL
New Location 1, Kinabatangan River, Sabah
5005057
05°27.40'N, 118°08.76'E
G.flavescens_KPH02157.12_Pangi
BOR/MOL
Batu Pangi, Kinabatangan valley, Sabah.
7660
05°32.01'N, 118°18.24'E
G.flavescens_KPH02135.11_Pangi
BOR/MOL
Batu Pangi, Kinabatangan valley, Sabah.
7638
05°31.89'N, 118°18.37'E
G.flavescens_KPH02123.07_Tomanggong Besar
BOR/MOL
Batu Tomanggong Besar, Kinabatangan valley, Sabah.
7626
05°31.83'N, 118°18.26'E
G.flavescens_KPH01725.08_Tomanggong Besar
BOR/MOL
Batu Tomanggong Besar, Kinabatangan valley, Sabah.
7293
05°31.52'N, 118°18.41'E
G.flavescens_KPH02135.08_Pangi
BOR/MOL
Batu Pangi, Kinabatangan valley, Sabah.
7638
05°31.89'N, 118°18.37'E
G.flavescens_KPH01860.09_Tomanggong Besar
BOR/MOL
Batu Tomanggong Besar, Kinabatangan valley, Sabah.
7416
05°31.38'N, 118°17.89'E
G.flavescens_KPH01733.03_Tomanggong Besar
BOR/MOL
Batu Tomanggong Besar, Kinabatangan valley, Sabah.
7299
05°31.33'N, 118°18.06'E
G.flavescens_KPH01727.13_Tomanggong Besar
BOR/MOL
Batu Tomanggong Besar, Kinabatangan valley, Sabah.
7294
05°31.46'N, 118°18.14'E
G.nephrostoma_K001_Keruak
MZU/MOL
Batu Keruak, Kinabatangan valley, Sabah.
17.29
05°32.291'N, 118°18.376'E
G.nephrostoma_K002_Keruak
MZU/MOL
Batu Keruak, Kinabatangan valley, Sabah.
17.29
05°32.291'N, 118°18.376'E
G.nephrostoma_K003_Keruak
MZU/MOL
Batu Keruak, Kinabatangan valley, Sabah.
17.29
05°32.291'N, 118°18.376'E
G.nephrostoma_K004_Keruak
MZU/MOL
Batu Keruak, Kinabatangan valley, Sabah.
17.29
05°32.291'N, 118°18.376'E
G.nephrostoma_K005_Keruak
MZU/MOL
Batu Keruak, Kinabatangan valley, Sabah.
17.29
05°32.291'N, 118°18.376'E
G.xesta_KPH02048.12_Materis
BOR/MOL
Materis, Kinabatangan valley, Sabah.
7258
05°31.39'N, 118°10'E
G.xesta_KPH01738.05_Ulu Resang
BOR/MOL
Ulu Sungai Resang, Kinabatangan valley, Sabah.
7303
05°30.67'N, 118°20.39'E
G.xesta_KPH01746.06_Ulu Resang
BOR/MOL
Ulu Sungai Resang, Kinabatangan valley, Sabah.
7311
05°31.16'N, 118°19.78'E
G.hungerfordi_G001_Mawah
MZU/MOL
Gunong Mawah, Padawan/Penrissen, Sarawak.
16.11
01°16.15'N, 110°15.46'E

GenBank Accession No.
16S
CO1
MK402998

MH254559

MK402997

MH254416

MK402995

MH254340

MK402989

MH254024

MK403001

MH254706

MK402992

MH254160

MK402990

MH254028

MK403003

MH254769

MK402994

MH254313

n/a

MH254614

MK411797

MK505439

MK411798

n/a

MK411800

n/a

MK411796

n/a

MK411799

n/a

MK403000

MH254698

MK402991

MH254122

n/a

MH254082

MK411771

n/a
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Species

Voucher No.

38

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.11

39

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.11

40

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.11

41

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.10

42

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.10

43

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.10

44

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.10

45

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.13

46

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.13

47

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.13

48

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.13

49

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.12

50

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.12

51

Georissa hungerfordi
Godwin-Austen, 1889

MZU/MOL
16.12

52

Georissa insulae sp. n.

MZU/MOL
18.02

53

Georissa insulae sp. n.

MZU/MOL
18.02

54

Georissa insulae sp. n.

MZU/MOL
18.02

55

Georissa insulae sp. n.

MZU/MOL
18.02

Species name_sequence origin_location
Town/District/Division, State.
GPS coordinate
G.hungerfordi_G002_Mawah
Gunong Mawah, Padawan/Penrissen, Sarawak.
01°16.15'N, 110°15.46'E
G.hungerfordi_G003_Mawah
Gunong Mawah, Padawan/Penrissen, Sarawak.
01°16.15'N, 110°15.46'E
G.hungerfordi_G004_Mawah
Gunong Mawah, Padawan/Penrissen, Sarawak.
01°16.15'N, 110°15.46'E
G.hungerfordi_I001_Regu
Regu, Padawan/Penrissen, Sarawak.
01°12.82'N, 110°16.82'E
G.hungerfordi_I002_Regu
Regu, Padawan/Penrissen, Sarawak.
01°12.82'N, 110°16.82'E
G.hungerfordi_I003_Regu
Regu, Padawan/Penrissen, Sarawak.
01°12.82'N, 110°16.82'E
G.hungerfordi_I004_Regu
Regu, Padawan/Penrissen, Sarawak.
01°12.82'N, 110°16.82'E
G.hungerfordi_H001_Sirat
Gunong Sirat, Padawan/Penrissen, Sarawak.
01°12.42'N, 110°16.52'E
G.hungerfordi_H002_Sirat
Gunong Sirat, Padawan/Penrissen, Sarawak.
01°12.42'N, 110°16.52'E
G.hungerfordi_H003_Sirat
Gunong Sirat, Padawan/Penrissen, Sarawak.
01°12.42'N, 110°16.52'E
G.hungerfordi_H004_Sirat
Gunong Sirat, Padawan/Penrissen, Sarawak.
01°12.42'N, 110°16.52'E
G.hungerfordi_F001_Duai
Gunong Seduai, Padawan/Penrissen, Sarawak.
01°12.25'N, 110°17.00'E
G.hungerfordi_F002_Duai
Gunong Seduai, Padawan/Penrissen, Sarawak.
01°12.25'N, 110°17.00'E
G.hungerfordi_F004_Duai
Gunong Seduai, Padawan/Penrissen, Sarawak.
01°12.25'N, 110°17.00'E
G.insulae_Man_001
Pulau Mantanani Besar, Sabah.
06°43.06'N, 116°20.50'E
G.insulae_Man_002
Pulau Mantanani Besar, Sabah.
06°43.06'N, 116°20.50'E
G.insulae_Man_003
Pulau Mantanani Besar, Sabah.
06°43.06'N, 116°20.50'E
G.insulae_Man_004
Pulau Mantanani Besar, Sabah.
06°43.06'N, 116°20.50'E
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GenBank Accession No.
16S
CO1
MK411773

n/a

MK411770

MK505432

MK411772

n/a

MK411775

MK505428

MK411774

MK505438

MK411777

MK505437

MK411776

MK505436

MK411784

MK505431

MK411783

MK505430

MK411778

MK505429

MK411782

n/a

MK411780

MK505435

MK411781

MK505434

MK411779

MK505433

MK411801

n/a

MK411803

n/a

MK411804

n/a

MK411802

n/a
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CO1 genetic divergence
Species delimitation based solely on morphological analysis of this group of closely related
minute gastropods could be challenging, especially when the studied taxa have high intraspecific variation (see Khalik et al. 2018; Liew et al. 2014). The analysis of molecular data
provides a large benefit in the process of species delimitation. Previous systematic studies of
gastropods have reported to successfully delimit the studied taxa to a species level by using
CO1 divergence (see Boeters and Knebelsberger 2012; Liew et al. 2014, Khalik et al. 2018;
Puillandre et al. 2012), but provide no specific genetic barriers for each studied taxon.
The CO1 genetic divergence (Table 2) shows the Kimura 2-parameter distances within
a group of species and net average distances between groups of Georissa sequences. This
reveals that between-species genetic divergence of the “non-scaly” species exceeded 0.10,
with the exception of G. xesta vs. G. flavescens, G. xesta vs. G. bangueyensis, and G. xesta
vs. G. nephrostoma. Although the divergences of these species pairs are considerably low,
they comprise groups of species with distinct morphological characters. This is similar to
what was found with the “scaly” Georissa, for example, G. silaburensis vs. G. bauensis is a
conchologically distinct species pair that has a CO1 divergence as low as 0.04 (Khalik et
al. 2018). We also find that the intraspecific divergence within each “non-scaly” species
is equal or does not exceed 0.05, with the exception of G. xesta (0.11).
Hoekstra and Schilthuizen (2011) suggested that intraspecific divergence for a
limestone-dwelling microsnail (Gyliotrachela hungerfordiana Möllendorff, 1886) of
Peninsular Malaysia would not exceed 0.10, which we find in the Bornean Georissa as
well, with the exception of G. xesta. We find that the genetic divergence analysis of the
Bornean Georissa provides useful information for species delimitation. There is, however, no specific genetic divergence limit that separates intraspecific from interspecific
distances, since the divergence within a species and divergence between species often
overlap (the highest value for intraspecific divergence = 0.11, while the lowest value for
intraspecific divergence = 0.03).
Table 2. Intra- and inter-specific divergence of partial CO1 sequences of nine species of the “nonscaly” Georissa.

1
2
3
4
5
6
7
8
9

Divergence Number of
within group specimens
G. gomantonensis
0.00
2
G. filiasaulae
0.00
3
G. hungerfordi
0.05
11
G. pachysoma
<0.01
4
G. similis
<0.01
3
G. flavescens
0.03
8
G. bangueyensis
<0.01
5
G. nephrostoma
–
1
G. xesta
0.11
3

1

2

3

4

0.24
0.21
0.22
0.22
0.19
0.22
0.20
0.17

0.22
0.25
0.22
0.22
0.23
0.23
0.18

0.20
0.20
0.16
0.17
0.16
0.13

0.17
0.20
0.23
0.17
0.12

5

6

7

8

9

0.19
0.20 0.11*
0.17 0.13 0.12
0.13 0.09* 0.07* 0.03*

*The average number of net base substitutions per site between species is equal or lower than 0.11, which is lower or
equal to the highest number of base substitutions per site within a “non-scaly” species.
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Systematic part
Class Gastropoda Cuvier, 1797
Family Hydrocenidae Troschel, 1856
Genus Georissa Blanford, 1864
“Non-scaly” group
We previously described the first informal group of Bornean Georissa, the “scaly” group
which consists of 13 species (Khalik et al. 2018). In the current paper, we describe the
remaining group of Bornean Georissa, consisting of 16 species which do not have conspicuous scale sculpture and are characterised mainly based on species-specific patterns
of more subtle radial and/or spiral sculpture. Our “non-scaly” group corresponds to
Thompson and Dance’s (1983) “williamsi”, “everetti” and “borneensis” (p.p.) groups. A
species of the “borneensis group”, Georissa pyrrhoderma Thompson & Dance, 1983 has
been previously included by us in the “scaly” group (Khalik et al. 2018).

Figure 1. The types specimens of the “non-scaly” Georissa of Borneo from NHMUK. A Georissa borneensis Smith, 1895 B Georissa everetti Smith, 1895 C Georissa williamsi Godwin-Austen, 1889 D Georissa
hungerfordi Godwin-Austen, 1889 E Georissa gomantonensis Smith, 1893 F Georissa similis Smith, 1893
G Georissa xesta Thompson & Dance, 1983 H Georissa bangueyensis Smith, 1895 I Georissa flavescens
Smith, 1895. Scale bar: 1 mm. Photos by NHMUK.
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Figure 2. A Maximum likelihood phylogenetic reconstruction with ultrafast bootstrapping (5000 replicates) B bayesian phylogenetic reconstruction with posterior probabilities, constructed using MrBayes
analysis. Phylogenetic analyses were conducted using concatenated sequence alignments of partial 16S
and CO1 mtDNA. The analyses consist of 69 ingroup taxa (11 taxa representing the “scaly” group and 58
taxa representing the “non-scaly” group), and Bathynerita naticoidea as an outgroup. “Scaly” taxa in the
phylogenies are with the red branches.
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Figure 2. Continued.
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General conchological description of a “non-scaly” group representative. Protoconch. Colour (in living or freshly dead specimens): white, yellowish green, orange, red,
or brown. Sculpture pattern: smooth (no sculpture on the protoconch), straight lines
(the sculpture is raised in a pattern of straight lines), rounded to ellipsoidal (the sculpture is rounded and/or ellipsoidal), mixed (a combination of more than one sculpture
patterns), or irregular (the present sculpture comprises of no uniform shape or pattern).
Teleoconch. Colour (in living or freshly dead specimens): white, yellowish green, orange,
red, or brown. First and subsequent whorls: convex (the whorls are partially circular
in shape), rounded (the whorls are semi-circular in shape), and/or flat. Suture: deeply
impressed. Shoulder: narrow or extended. Number of whorls: 2 ¼–3 ½. Shell height
(SH): 0.62–2.23 mm. Shell width (SW): 0.60–1.82 mm. Shell index (SI=SH/SW):
0.97–1.51. Shell sculpture. Radial sculpture: absent or present; if present then either
raised in wavy and/or regular form, with narrow or wide interval. Growth lines: weak
or strong, for species without clear formation of radial sculpture. Species with radial
sculpture normally do not have clear growth lines since these are covered by the radial
sculpture; such species generally have a row of nodules at the shoulder close to and parallel to the suture or away from the suture on the whorls. Spiral sculpture: absent, weak or
strong, continuous or discontinuous, frequently the orientation is distorted by the radial
sculpture (if present). Columella. Smooth and translucent. Umbilicus: open or closed.
Aperture. Shape: semi-elliptic, ovoid or rounded, with straight, concave or convex parietal side, palatal edge either contiguous with the body whorl or with the parietal side.
Aperture height (AH): 0.31–1.07 mm. Aperture width (AW): 0.33–1.09 mm. Aperture
index (AI = AH/AW): 0.81–1.02. Peristome. Simple, thickened inside, sharp toward
the edge of the aperture. Operculum. Shape: ovoid to rounded, the inner surface of the
operculum has a small crater-like structure next to the peg. Peg: straight or curved. The
shell dimensions of the “non-scaly” Georissa are summarised in Suppl. material 2.
All species of Bornean Georissa have a broadly developed callus that fully covers the
umbilicus, except G. leucococca, which has this callus incompletely developed. Hence,
the umbilical region of this species is partially open. Georissa nephrostoma is the only
known Bornean Georissa with a ‘bulb’-like callus covering the umbilical region. This
is an inflation of the columella along the parietal wall. As a result, the aperture of G.
nephrostoma is partly obstructed, unlike any other aperture of the Bornean Georissa.
Of all the “non-scaly” Georissa, the operculum is available, except for G. corrugata, G.
williamsi, and G. leucococca.
Habitat and ecology. Like the “scaly” group, the members of the “non-scaly”
group Georissa are usually restricted to limestone areas. They can be found on the limestone walls, rocks located in wet and shaded environments, and occasionally at a low
density on dry limestone walls and rocks, in the vegetation away from the limestone
(e.g., G. gomantonensis), on other, non-limestone rocky substrates (e.g., G. saulae), and
on limestone walls inside cave systems with partial or no exposure to the sunlight (e.g.,
G. silaburensis and G. filiasaulae).
Distribution. We provide distribution maps of the “non-scaly” Georissa of Malaysian Borneo in Figures 3, 4. The species are divided into two distribution maps to avoid
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Figure 3. The distribution of eight species of the “non-scaly” Georissa of Malaysian Borneo, based on
studied materials.

Figure 4. The distribution of another eight species of the “non-scaly” Georissa of Malaysian Borneo,
based on studied materials.
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overlapping. There are at least twelve species of the “non-scaly” group in Sabah, two
species in Sarawak, and another two species in both Sabah and Sarawak.
Remark. For the type material that was not examined during this study, there is a
note in each of the species treatment that the type specimen was not seen.
In the following systematic descriptions of the “non-scaly” Georissa, the species
treatment is arranged partly based on the molecular phylogeny (Fig. 2A, B). We start
with the description of six species for which no DNA-data are available, namely (i)
Georissa borneensis Smith, 1893, (ii) Georissa corrugata sp. n., (iii) Georissa everetti
Smith, 1895, (iv) Georissa williamsi Godwin-Austen, 1889, (v) Georissa trusmadi sp.
n., and (vi) Georissa leucococca Vermeulen, Liew & Schilthuizen, 2015, followed by the
remaining ten species, treated in the order in which they appear in the phylogenetic
tree. The numbers of individuals of the newly described species are stated in brackets
(if available) right after the collection number. The locality data may contain the following Malay words: Batu = rock; Bukit = hill; Gua = cave; Sungai/Sungei/Sg. = river;
Gunung/Gunong = mountain; Pulau = island; Kampung = village.
Georissa borneensis Smith, 1895
Figures 1A, 5A–K
Georissa borneensis Smith, 1895: 126, plate IV fig. 18; Thompson and Dance 1983:
122, figs 18, 61–62.
Type locality. Gomanton, N.E. Borneo.
Type material. Lectotype (Designation by Thompson and Dance 1983) (Fig. 1A).
Gomanton, N. Borneo: NHMUK 1894.7.20.61 (glued on paper). Paralectotypes. Gomanton, N. Borneo: NHMUK 1894.7.20.62, NHMUK 1894.21.54–57 (glued on paper).
Other material. N. Borneo: RMNH/MOL 152748, ZMA/MOLL 315546
(Fig. 5). Gomanton, N. Borneo: MFN 47552, MFN 47942. Kinabatangan valley,
Gomantong Hill 30 km South of Sandakan, Sandakan Province, Sabah (05°19.20'N,
118°3.60'E): JJV 1613.
Description. Protoconch. Colour: white to pale orange, darker than the rest of the
shell. Sculpture pattern: irregular sculpture pattern, from base to apex end with no
specific sculptural shape. Mesh width: 2.5–8.0 µm. Teleoconch. Colour: white to pale
orange. First whorl: flat, convex close to the suture. Subsequent whorls: flat, convex
and angular at the periphery. Suture: clearly impressed. Shoulder: narrow. Number of
whorls: 2 ¾–3 ½. SH: 1.91–2.23 mm. SW: 1.65–1.82 mm. SI: 1.12–1.28. Shell sculpture. Radial sculpture: present, weak or flattened, densely sculpted on the whorls, ca.
two to three ribs per 0.1 mm. Spiral sculpture: present, but thin and weak, only visible
under high magnification (> ×100 magnification), strongest at the first whorl, weaker
at subsequent whorls. Aperture. Shape: semi-elliptic, straight parietal side, palatal edge
contiguous with the body whorl, palatal side tilted and angular, basal side convex. AH:
0.82–1.07 mm. AW: 1.00–1.09 mm. AI: 0.75–1.02.
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Figure 5. Georissa borneensis Smith, 1895. A–K ZMA/MOLL 315546 A, D shell apertural view B shell
side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal and ventral
view from 3D model I shell top view J protoconch side view K close up of protoconch from top at 1000
× magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

Diagnosis. The flat whorls that are strongly convex at the periphery, giving the
shell an angular shape, are diagnostic. The sculpture of G. borneensis resembles that
of G. similis and G. corrugata, but is weaker and more flattened than in those species.
The spiral sculpture of G. corrugata is also more irregular. The adult shell G. borneensis
is larger than in adult G. similis and G. corrugata. Additonally, the base to apex end
sculpture of the protoconch of G. borneensis is distinct compared to these species (G.
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similis has a rounded protoconch sculpture and G. corrugata has straight-line protoconch sculpture).
Distribution. The species is known only from Gomantong hill in the Kinabatangan region of Sabah.
Discussion. The identification of G. borneensis can be confusing when we refer
to the sketches by Thompson and Dance (1983: figs 61, 62). These appear to reflect
the radial sculpture of G. corrugata, which is wavy/irregular and strongly sculpted.
Smith (1895) and Thompson and Dance (1983) described G. borneensis referring to
the absence of spiral sculpture, which, however, is present but only visible under high
magnification. The bright red colour of the peristome as described by Smith (1895)
could not be observed by us, probably due to the faded condition of the shells. We also
find there is no association based on colouration of G. borneensis with G. pyrrhoderma
and the “williamsi”. Thompson and Dance (1983) grouped the ‘borneensis’ based on
their reddish shell colour, while ‘williamsi’ with their light brown colour, of which we
find these colours are often a variation within these groups of species.
Georissa corrugata sp. n.
http://zoobank.org/81610B3D-0DB9-48ED-89D3-DAA69BDD031B
Figure 6A–I
Type locality. Batu Tomanggong, Kinabatangan valley, Sandakan, Sabah, Malaysia
(05°31.86'N, 118°18.24'E).
Type material. Holotype. Batu Tomanggong, Kinabatangan valley, Sandakan, Sabah, Malaysia (05°31.86'N, 118°18.24'E): MZU/MOL 16.15 (Fig. 6A–C) Paratypes.
Batu Tomanggong, Kinabatangan valley, Sandakan, Sabah, Malaysia (05° 31.86'N,
118°18.24'E): MZU/MOL 16.16 (Fig. 6D–I). Batu Punggul, Sepulut valley, Sabah:
JJV 1903 (1). N Borneo: RMNH/MOL 152848. Batu Keruak, Kinabatangan valley,
Sabah (05°31.38'N, 118°17.10'E): BOR/MOL 1467, BOR/MOL 1844, BOR/MOL
11661 (1). Unnamed hill, Kinabatangan valley, Sabah (05°31.11'N, 118°17.23'E):
BOR/MOL 2218 (1, juvenile).
Etymology. The name is derived from a Latin word corrugatus, meaning “wrinkled”, referring to the coarse and irregular radial sculpture.
Description. Protoconch. Colour: white. Sculpture pattern: parallel lines of varying
width, widening before splitting in two. Mesh width: 3.1–6.2 µm, with the distance
between each of the sculptural units as wide as the mesh width. Teleoconch. Colour:
white. First whorl: rounded. Subsequent whorls: rounded. Suture: clearly impressed.
Shoulder: narrow. Number of whorls: 2 ½–3. SH: 1.14–1.43 mm. SW: 1.01–1.11 mm.
SI: 1.10–1.29. Shell sculpture. Radial sculpture: present, more prominent after the first
whorl, wavy, irregular and widely spaced, often distinctly higher and strongly projected
on and above the periphery. Spiral sculpture: present, regularly spaced, thin, discontinuous due the interruption by radial sculpture. Aperture. Shape: rounded to slightly
ovoid, parietal side straight, palatal edge contiguous with the parietal side, palatal and
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Figure 6. Georissa corrugata sp. n. A–C Holotype: MZU/MOL 16.15 D–I paratype: MZU/MOL 16.16
A, D shell apertural view B shell side view C shell rear view E, F shell cross-section from 3D model
G shell top view H protoconch side view I close up of protoconch from top at 1000 × magnification. Scale
bars: 500 µm (A–G); 200 µm (H); 10 µm (I).

basal sides convex. AH: 0.82–1.07 mm. AW: 1.00–1.09 mm. AI: 0.75–1.02. Holotype
dimensions. SH: 1.71 mm, SW: 0.99 mm, AH: 0.52 mm, AW: 0.58 mm.
Diagnosis. The wavy and irregular, widely spaced and strong radial sculpture,
with thin regularly arranged spiral sculpture in between is diagnostic for G. corrugata.
Georissa similis and G. borneensis have a somewhat similar arrangement of radial and
spiral sculpture, but do not carry the protoconch sculpture consisting of parallel lines.
The shell shape and size of G. corrugata are similar to G. similis. Besides the difference
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in the protoconch sculpture, the latter species also has more densely arranged radial
sculpture on the teleoconch.
Distribution. Georissa corrugata is distributed on the limestone hills of the lower
Kinabatangan valley, known to occur from Gomantong to Batu Tomanggong, but
always in low densities compared to other Georissa species. The species has also been
found in the Sepulut valley, ca. a hundred km further to the southwest.
Georissa everetti Smith, 1895
Figures 1B, 7A–K
Georissa everetti Smith, 1895: 125, plate IV fig. 15; Thompson and Dance 1983: 120,
figs 55–57.
Type locality. Rumbang, W. Sarawak.
Type material. Holotype (Holotype by original monotypy). Rumbang, Sarawak:
NHMUK 1893.6.7.69 (glued on paper) (Fig. 1B) (Thompson and Dance 1983).
Other material. Kampung Giam, Lower Penrissen valley, Sarawak: JJV 12546.
Kampung Benuk, Lower Penrissen valley, Sarawak (01°18.47'N, 110°17.29'E):
JJV 12548. Kampung Temurang, Upper Penrissen valley, Sarawak (01°12.15'N,
110°16.18'E): JJV 12547. Great Cave, Niah National Park, Sarawak: RMNH/
MOL 336264, JJV 10185 (Fig. 7), JJV 13119. Batu Punggul, Sepulut valley, Interior
Province, Sabah: JJV 1906. Bukit Tinahas, Sepulut valley, Interior Province, Sabah
(04°38.28'N, 116°37.05'E): JJV 7622.
Description. Protoconch. Colour: orange to red. Sculpture: rounded to ellipsoidal
mesh pattern, mixed with irregular sculptural shapes (whenever two or more rounded
or ellipsoidal meshes are connected or combined). Mesh width: 4–30 µm. Teleoconch.
Colour: orange to red. First whorl: convex. Subsequent whorls: convex, with relatively
wide penultimate and final whorls. Suture: clearly impressed. Shoulder: narrow. Number of whorls: 2 ¾–3 ¼. SH: 1.82–2.23 mm. SW: 1.52–1.75 mm. SI: 1.16–1.30. Shell
sculpture. Radial sculpture: present, thin, forming small nodules when intersecting
with spiral sculpture; these nodules are also present on the shoulder close to the suture.
Spiral sculpture: present, thin, regularly spaced, oblique, appearing immediately after
the protoconch, distorted/discontinuous by radial ribs. Aperture. Shape: rounded to
ovoid, straight to concave parietal side, palatal edge contiguous with the body whorl,
basal side convex. AH: 1.05–0.92 mm. AW: 1.09–0.96 mm. AI: 0.89–0.99.
Diagnosis. The strong and thin oblique spiral sculpture on its shell is diagnostic
for G. everetti. Georissa similis has a somewhat similar knitted sculpture pattern resulting from the intersection of radial and spiral ribbing, but the shell shape is entirely distinct, with broad penultimate and final whorls. Based on the shell shape and habitus,
G. everetti resembles G. gomantonensis and G. williamsi, which, however, have clear,
regular, spiral shell ribs.
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Figure 7. Georissa everetti Smith, 1895. A–K JJV 10185 A, D shell apertural view B shell side view C
shell rear view E, F shell cross-section from 3D model G, H operculum frontal and ventral view from 3D
model I shell top view J protoconch side view K close up of protoconch from top at 1000 × magnification.
Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

Distribution. Georissa everetti is widely distributed in Sabah and Sarawak, but
is found in low abundances. The species known to occur from Padawan/Penrissen,
Sarawak in the South (where Rumbang, the type locality is located), to further north,
Niah, Sarawak, and Sepulut valley, Sabah.
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Georissa williamsi Godwin-Austen, 1889
Figures 1C, 8A–I
Georissa williamsi Godwin-Austen, 1889: 353, Plate XXXIX fig. 10; Thompson and
Dance 1983: 124 (non G. hungerfordi Godwin-Austen, 1889; G. javana Möllendorff, 1897; G. javana intermedia Möllendorff, 1897).
Hydrocena williamsi (Godwin-Austen, 1889): Saul 1967: 109.
Georissa sp.1 (Godwin-Austen, 1889): Clements et al. 2008: Appendix D.
Type locality. Borneo.
Type material. Holotype (Holotype by original monotypy). Borneo: NHMUK
1889.12.7.71 (glued on paper) (Fig. 1C) (Thompson and Dance 1983).
Other material. Batu Punggul, Sepulut valley, Interior province, Sabah
(04°39.00'N, 116°37.00'E): RMNH/MOL 187642, BOR/MOL 57, JJV 1907. Gua
Pungiton, Sepulut valley, Interior province, Sabah (04°42.41'N, 116°36.04'E): BOR/
MOL 55, JJV 7543. Bukit Tinahas, Sepulut valley, East end of Batu Punggul limestone,
Interior province, Sabah (04°38.28'N, 116°37.05'E): JJV 7623. Tinahas limestone
hill, Interior Province, Sabah (04°38.46'N, 116°37.08'E): RMNH/MOL 333928,
RMNH/MOL 334016, BOR/MOL 56, BOR/MOL 59. Batu Temurung, Sepulut valley, Interior province, Sabah (04°42.45'N, 116°34.40'E): BOR/MOL 58, BOR/MOL
60, JJV 8037. Simbaluyon limestone hill, Interior Province, Sabah, (04°43.25'N,
116°34.22'E): RMNH/MOL 333922, RMNH/MOL 333946 (Fig. 8), RMNH/
MOL 334007. Batu Baturong ca. 50 km W.S.W. of Lahad Datu, Tawau province,
Sabah (04°41.00'N, 118°1.00'E): JJV 1830. Madai limestone hill, Tawau Province,
Sabah (04°43.66'N, 118°10.71'E): RMNH/MOL 337817, RMNH/MOL 337827,
RMNH/MOL 337834. Cave on Teck Guan estate, Lahad Datu, Sabah: ZMA/MOLL
315607, ZMA/MOLL 315608, ZMA/MOLL 315609, ZMA/MOLL 315622.
Description. Protoconch. Colour: orange to red. Sculpture: a mix of rounded, ellipsoidal to irregular sculptural shape. Mesh width: 2–6 µm. Teleoconch. Colour: orange to
red. First whorl: convex. Subsequent whorls: convex. Suture: clearly impressed. Shoulder: narrow. Number of whorls: 3–3 ¼. SH: 1.58–1.91 mm. SW: 1.17–1.42 mm. SI:
1.30–1.38. Shell sculpture. Radial sculpture: absent, only weak to strong growth lines are
visible at irregular intervals. Spiral sculpture: present, thin, regularly spaced at the first
whorl, appearing immediately after the protoconch, on later whorls the spiral sculpture
weakens and becomes distorted by the growth lines; more than 20 spiral ribs on the
body whorl of the adult individual. Aperture. Shape: semi-elliptic, straight to concave
parietal side, palatal side rounded, palatal edge contiguous with the body whorl, basal
side slightly convex. AH: 0.63– 0.81 mm. AW: 0.71–0.87 mm. AI: 0.89–0.95.
Diagnosis. Georissa williamsi has a broad final whorl, in which it is similar to G.
gomantonensis and G. everetti. However, these three species are all distinctly sculptured,
where G. gomantonensis has raised spiral sculpture, G. everetti has oblique spiral sculp-
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Figure 8. Georissa williamsi Godwin-Austen, 1889. A–I RMNH/MOL 333946 A, D shell apertural
view B shell side view C shell rear view E, F shell cross-section from 3D model G shell top view H protoconch side view I close up of protoconch from top at 1000 × magnification. Scale bars: 500 µm (A–G);
200 µm (H); 10 µm (I).

ture, but G. williamsi has thin, hardly raised, and densely arranged spiral sculpture
(4–6 ribs in every 0.1 mm), despite the similar shell habitus.
Distribution. Georissa williamsi occurs over a large part of Sabah from the Sepulut
valley in the west-central to Tawau and Lahad Datu in the east.
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Discussion. The type locality of G. williamsi is ‘Borneo’, with no specific location
stated by Godwin-Austen (1889). Saul (1966) in her note on “Shell collecting in the
limestone cave of Borneo” mentioned that during her trip to Lahad Datu, Sabah, they
collected G. williamsi (syn. Hydrocena williamsi). Based on the characters of G. williamsi described by Godwin-Austen (1889) and the type material we have examined,
the species does not have very prominent spiral sculpture. Georissa williamsi was previously misinterpreted as having highly raised spiral sculpture, and the name was therefore misapplied to forms like G. hungerfordi, G. insulae, and G. javana (Thompson and
Dance 1983; Phung et al. 2017; Vermeulen and Whitten 1998).
Georissa trusmadi sp. n.
http://zoobank.org/B4441AFE-E2D5-4234-BE14-FDFDAEFAF3AE
Figures 9A–K
Type locality. Loloposon Cave, Gunung Trus Madi, Sabah, Malaysia (05°39.00'N,
116°29.51'E).
Type material. Holotype. Loloposon Cave, Gunung Trus Madi, Sabah, Malaysia
(05°39.00'N, 116°29.51'E): MZU/MOL 16.17 (Fig. 9A–C). Paratypes. Loloposon
Cave, Gunung Trus Madi, Sabah, Malaysia (05°39.00'N, 116°29.51'E): MZU/MOL
16.18 (8) (Fig. 9D–K). Gunung Trus Madi slopes, Gua Loloposon, Interior province,
Sabah (05°39.00'N, 116°29.51'E) (20): JJV 13231.
Etymology. The species is named after the type locality, Gunung Trus Madi, Sabah.
Description. Protoconch. Colour: orange. Sculpture pattern: rounded to irregular
sculptural shape. Mesh width: 3–30 µm. Teleoconch. Colour: orange. First whorl:
convex. Subsequent whorls: convex. Suture: well-impressed. Shoulder: narrow. Number of whorls: 2 ¾–3 ½. SH: 1.40–1.89 mm. SW: 1.12–1.37 mm. SI: 1.22–1.38.
Shell sculpture. Radial sculpture: absent, weak growth lines present throughout the
shell surface. Spiral sculpture: present, strong spiral ribs, broadly spaced above the
whorls, ca. 5–7 strongly raised spiral ribs on the body whorl of the adult individual,
appearing immediately after the protoconch, thin spiral ribs in between the stronger
ones, more densely spaced and weaker at the basal part of the body whorl. Aperture.
Shape: rounded to slightly ovoid, straight to convex parietal side, palatal edge contiguous with the parietal side, basal side convex. AH: 0.59– 0.72 mm. AW: 0.66–0.79
mm. AI: 0.85–0.91. Holotype dimensions. SH: 1.67 mm, SW: 1.28 mm, AH: 0.68
mm, AW: 0.75 mm.
Diagnosis. Georissa trusmadi is characterised by the highly raised spiral sculpture.
The number of strong spiral ribs on the first whorl is lower (3–5) than on the later
whorls (5–7). The spiral sculpture is similar to G. insulae and G. hungerfordi, but
always shows fewer ribs. Based on the shell habitus, it is similar to G. hungerfordi
from Sarawak. The latter species, however, has the spiral ribs on the body whorl less
strongly raised.
Distribution. Georissa trusmadi is only known from Gunung Trus Madi, Sabah.
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Figure 9. Georissa trusmadi sp. n. A–C Holotype: MZU/MOL 16.17 D–K paratype: MZU/MOL
16.18 A, D shell apertural view B shell side view C shell rear view E, F shell cross-section from 3D model
G, H operculum frontal and ventral view from 3D model I shell top view J protoconch side view K close
up of protoconch from top at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

Georissa leucococca Vermeulen, Liew & Schilthuizen, 2015
Figure 10A–I
Georissa leucococca Vermeulen et al., 2015: 33, fig. 19 A-B; Marzuki and Foon 2016:
317; Khalik et al. 2018: 2.
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Figure 10. Georissa leucococca Vermeulen et al., 2015. A–I JJV 12572 A, D shell apertural view B shell side
view C shell rear view E, F shell cross-section from 3D model G shell top view H protoconch side view I close
up of protoconch from top at 1000 × magnification. Scale bars: 500 µm (A–G); 200 µm (H); 10 µm (I).

Type locality. Malaysia, Sabah, Interior Province, Sepulut valley, Gua Pungiton
(04°42.41'N, 116°36.04'E).
Type material. Holotype (Holotype by original designation). Malaysia, Sabah, Interior Province, Sepulut valley, Gua Pungiton (04°42.41'N, 116°36.04'E): RMNH/
MOL 5003956 (not seen, we were unable to locate the material in RMNH collection). Paratypes. Malaysia, Sabah, Interior Province, Sepulut valley, Gua Pungiton
(04°42.41'N, 116°36.04'E): NHMUK 20150572, JJV 8081.
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Other material. Gua Sanaron, Sepulut valley, Sabah (04°42.52'N, 116°36.16'E):
JJV 8068. Gua Pungiton, Sepulut valley, Sabah: BOR/MOL 61. Gua Madai, Tawau
province, Sabah (04°44.00'N, 118°8.00'E): JJV 1736. Batu Temurung, Sepulut valley, Sabah (04°42.45'N, 116°34.40'E): JJV 12681. Clearwater Cave, Mulu National
Park, Sarawak: JJV 13098. Bukit Sarang group, Lower Tatau River valley, Sarawak:
JJV 12571, JJV 12848, JJV 12849. Gunung Segu near Kampung Benuk, Penrissen
valley, Sarawak (01°18.47'N, 110°17.29'E): JJV 12569. Bt. Krian, Upper Penrissen
valley, Sarawak (01°12.20'N, 110°21.54'E): JJV 14217. Kampung Semedang, Lower Penrissen valley, Sarawak (01°17.49'N, 110°16.24'E): JJV 14221. Gunung Aup,
Bau, Sarawak (01°21.36'N, 110°4.04'E): JJV 12570. Gunung Rapih, Bau, Sarawak
(01°23.15'N, 110°8.29'E): JJV 12572 (Fig. 10). Gunung Chupak, Sungei Bukar
headwaters, Sarawak (01°14.05'N, 110° 20.50'E): JJV 14218, JJV 14219. Batu Staat,
Sungei Sarawak Kiri valley, Sarawak (01°23.55'N, 110°14.55'E): JJV 14220.
Description. Protoconch. Colour: white. Sculpture pattern: minutely formed, a
mix of rounded, semi-elliptic to ellipsoidal. Mesh width: 1–2 µm. Teleoconch. Colour: white. First whorl: convex. Subsequent whorls: convex. Suture: well-impressed.
Shoulder: narrow. Number of whorls: 2 ¼. SH: 0.62–0.72 mm. SW: 0.60–0.70 mm.
SI: 0.97–1.06. Shell sculpture. Radial sculpture: absent, only weak growth lines at irregular intervals are visible. Spiral sculpture: present, thin, regularly spaced, appearing
immediately after the protoconch, distorted by the growth lines, more prominent at
the upper whorls, becoming weaker when closer to the columellar region. Aperture.
Shape: semi-elliptic, straight to concave parietal side, palatal side rounded, palatal
edge contiguous with the body whorl, basal side convex. Umbilicus: open, with a narrow space underneath the reflected columellar peristome. AH: 0.31– 0.37 mm. AW:
0.33–0.38 mm. AI: 0.87–0.97.
Diagnosis. Georissa leucococca has spiral sculpture that is more prominent at the
upper part of the whorls, similar to G. bangueyensis. Georissa leucococca is so far the only
known Bornean Georissa with an open umbilicus and with an adult shell size of hardly
more than 1 mm. It has an angular shell shape, similar to G. borneensis.
Distribution. Georissa leucococca is widely distributed in Malaysian Borneo. The
species is known to occur from west Sarawak to east Sabah.
Georissa hungerfordi Godwin-Austen, 1889
Figures 1D, 11A–K
Georissa hungerfordi Godwin-Austen, 1889: 354, Plate XXXIX, fig. 9.
Georissa lowi Smith, 1893: 351.
Georissa williamsi Godwin-Austen: Thompson and Dance 1983: 124 (non G. williamsi Godwin-Austen, 1889; G. javana Möllendorff, 1897; G. javana intermedia
Möllendorff, 1897).
Type locality. Borneo.
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Type material. Lectotype (Designation by Thompson and Dance 1983). Borneo:
NHMUK 1891.3.17.864 (glued on paper) (Fig. 1D).
Other material. Rumbang, Sarawak: NHMUK 1893.6.7.71, NHMUK
1893.6.7.108-110, NHMUK 94.7.21.58 (glued on paper), NHMUK 94.7.20.63-4
(glued on paper). Regu, Kampung Timurang, Padawan/Penrissen, Kuching, Sarawak
(01°12.82'N, 110°16.82'E): MZU/MOL 16.10. Gunong Mawah, Kampung Bengoh, Padawan/Penrissan, Kuching, Sarawak (01°16.15'N, 110°15.46'E): MZU/
MOL 16.11 (Fig. 11). Gunong Seduai/Duai, Kampung Timurang, Padawan/Penrissen, Kuching, Sarawak (01°12.25'N, 110°17.00'E): MZU/MOL 16.12. Gunong
Sirat, Kampung Timurang, Padawan/Penrissen, Kuching, Sarawak (01°12.42'N,
110°16.52'E): MZU/MOL 16.13. Gunung Bra’ang, upper Penrissen valley, Kuching, Sarawak (01°14.12'N, 110°16.21'E): JJV 12451. Gunung Babu, upper Penrissen
valley, Kuching, Sarawak (01°12.15'N, 110°16.18'E): JJV 12542. 12 km NNE of
Padawan village, upper Penrissen valley, Kuching, Sarawak: JJV 13067, JJV 13070.
Upper Penrissen valley, Bt. Krian, Kuching, Sarawak (01°12.20'N, 110°21.54'E):
JJV 14222. Gunung Manok, upper Penrissen valley, Kuching, Sarawak (01°11.56'N,
110°16.16'E): JJV 14224. Gunung Kayan, upper Penrissen valley, Kuching, Sarawak
(01°15.45'N, 110°15.30'E): JJV 14225. Sungei Bukar headwaters, G. Buros S of Gunung Nambi, Kuching, Sarawak (01°09.55'N, 110°27.59'E): JJV 14223. Gunung
Pangga, Bau, Sarawak: JJV 2165. Gunung Jambusan, Bau, Sarawak: JJV 2213. Gunung Kapor, Bau, Sarawak: JJV 2274.
Description. Protoconch. Colour: orange. Sculpture pattern: smooth. Teleoconch.
Colour: orange. First whorl: convex. Subsequent whorls: convex, shell shape slender
to broad. Suture: well-impressed suture, straight to slightly concave, and narrow shoulder. Number of whorls: 2 ½–3 ¼. SH: 1.35–1.85 mm. SW: 1.38–1.20 mm. SI: 1.16–
1.36. Shell sculpture. Radial sculpture: absent, only weak to strong growth lines present
throughout the shell surface. Spiral sculpture: present, strong spiral ribs, regularly spaced,
with ca. 7–10 spiral ribs on the body whorl of the adult individual, appearing immediately after the protoconch, sometimes distorted/discontinuous by growth lines, more
densely spaced spiral cords at the basal part of the body whorl. Aperture. Shape: rounded
to slightly ovoid, straight to concave parietal side, palatal edge contiguous with the body
whorl, basal side convex. AH: 0.63– 0.79 mm. AW: 0.67–0.83 mm. AI: 0.89–1.06.
Diagnosis. Georissa hungerfordi is characterised by the strong spiral sculpture with
ca. 7–10 spiral ribs on the body whorl. The shell shape approaches the shape of G. trusmadi and G. pachysoma. Georissa hungerfordi has stronger spiral sculpture compared to
G. pachysoma but weaker compared with G. trusmadi. The spiral ribbings resemble G.
insulae, which has, however, a more elongated and slender shell shape.
Distribution. Georissa hungerfordi is distributed from Bau to Padawan/Penrissen,
Kuching, Sarawak.
Discussion. Thompson and Dance (1983) considered G. hungerfordi a junior
synonym of G. williamsi. We are, however, of the opinion that G. hungerfordi is a
valid species based on the distinctly raised spiral sculpture of the shell compared to G.
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Figure 11. Georissa hungerfordi Godwin-Austen, 1889. A–K MZU/MOL 16.11 A, D shell apertural
view B shell side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal
and ventral view from 3D model I shell top view J protoconch side view K close up of protoconch from
top at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

williamsi. Georissa lowi (Smith, 1893) is a junior synonym of G. hungerfordi. See also
discussion in G. williamsi Godwin-Austen, 1889.
Molecular analysis. ML and Bayesian analyses show that the samples of G. hungerfordi (16S: n = 14; CO1: n = 11) form a monophyletic group with 100% BS and
100% PP, sister group to the “scaly” group, except G. saulae.

64

Mohd Zacaery Khalik et al. / ZooKeys 840: 35–86 (2019)

Georissa gomantonensis Smith, 1893
Figures 1E, 12A–K
Georissa gomantonensis Smith, 1893: 351, Plate XXV fig. 25; Thompson and Dance
1983: 121, figs 36, 58–60; Schilthuizen et al. 2003: 41.
Georissa gomantongensis Smith: Vermeulen and Junau 2007: 217; Clements et al. 2008:
2762; Khalik et al. 2018: 19, fig. 1J.
Type locality. Gomanton, N. Borneo.
Type material. Holotype (Holotype by original monotypy). Gomanton, N. Borneo: NHMUK 1892.7.20.39 (glued on paper) (Fig. 1E) (Thompson and Dance 1983).
Other material. Gua Gomantong, Kinabatangan, Sabah (05°32.00'N,
118°06.00'E): BOR/MOL 7632, BOR/MOL 7389 (Fig. 12), JJV 1612. Batu Tai (not
Bod Tai) near Gomantong, Kinabatangan valley, Sabah (05°32.35'N, 118°10.32'E):
JJV 9590. Batu Pangi, Kinabatangan valley, Sandakan province, Sabah (05°31.59'N,
118°18.43'E): BOR/MOL 10829, JJV 9648. Batu Keruak 2 near Sukau, Kinabatangan valley, Sabah (05°32.00'N, 118°18.00'E): JJV 9801. Kampung, Kinabatangan,
Sabah (05°30.90'N, 118°16.86'E): BOR/MOL 10866, BOR/MOL 12545. Batu
Tomanggong Besar 1, Kinabatangan, Sabah (05°31.26'N, 118°18.06'E): BOR/
MOL 10561, BOR/MOL 11296. Batu Tomanggong Besar, lower Kinabatangan valley, Sandakan, Sabah (05°31.02'N, 118°18.21'E): BOR/MOL 2253, BOR/MOL
2282. Tomanggong 2, lower Kinabatangan valley, Sandakan, Sabah (05°31.00'N,
118°18.00'E): BOR/MOL 1462. Batu Keruak, Kinabatangan, Sabah (05°31.32'N,
118°17.10'E): BOR/MOL 1460, BOR/MOL 1883, BOR/MOL 11697. Bod Tai,
Kinabatangan, Sabah (05°31.00'N, 118°13.00'E): BOR/MOL 1465, BOR/MOL
11256. Bukit Mawas, lower Kinabatangan valley, Sabah (05°27.00'N, 118°08.00'E):
BOR/MOL 1463, BOR/MOL 1990. Unnamed hill 1, lower Kinabatangan valley, Sabah (05°31.11'N, 118°17.23'E): BOR/MOL 2152, BOR/MOL 2185. Unnamed hill
2, lower Kinabatangan valley, Sabah (05°30.00'N, 118°17.00'E): BOR/MOL 1461.
Sabahmas Cave, Segama valley, Tawau, Sabah (05°08.52'N, 118°26.01'E): JJV 7452.
Segama River, Segama valley, near bridge of road Sandakan to Lahad Datu, Tawau,
Sabah (05°06.10'N, 118°13.12'E): JJV 7496. Tabin River, Segama valley, Sandakan,
Sabah (05°18.49'N, 118°44.39'E): JJV 7753. Batu Temurung, Sepulut valley, Sabah
(04°42.45'N, 116°34.40'E): JJV 8035. Pulau Mataking, Easternmost island of the
Semporna-Sulu Chain, Sandakan: JJV 11523. Tabin Wildlife Reserve, Lahad Datu,
Sabah (05°18.81'N, 118°44.65'E): BOR/MOL 19, BOR/MOL 20. Ulu Sungai Resang, lower Kinabatangan limestone hill, Sabah (05°31.00'N, 118°21.00'E): BOR/
MOL 1464. N end of limestone ridge on E bank of Tabin River Sandakan Province,
Sabah (05°18.04'N, 118°44.03'E): BOR/MOL 18. Batu Temurung, Sepulut Valley,
Interior province, Sabah (04°42.04'N, 116°34.04'E): BOR/MOL 17.
Description. Protoconch. Colour: greenish yellow. Sculpture: ellipsoidal mesh to
irregular sculptural shape. Mesh width: 4–16 µm. Teleoconch. Colour: greenish yellow.
First whorl: convex. Subsequent whorls: convex. Suture: well-impressed. Shoulder:
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Figure 12. Georissa gomantonensis Smith, 1893. A–K BOR/MOL 7389 A, D shell apertural view B shell
side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal and ventral
view from 3D model I shell top view J protoconch side view K close up of protoconch from top at 1000 ×
magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K). Shell view image (Fig. 12D) is the same
image used in Khalik et al. (2018: fig. 1J).

slightly extended, with a row of regularly spaced granules. Number of whorls: 3–3 ¼.
SH: 1.95–2.17 mm. SW: 1.67–1.68 mm. SI: 1.17–1.29. Shell sculpture. Radial sculpture: absent, only weak growth lines present throughout the shell surface. Spiral sculpture: present, strongly sculpted spiral ribs, at regular intervals, appearing immediately
after the protoconch, sometimes distorted/discontinuous by growth lines, reduced in
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strength when reaching the columellar region, ca. 14–18 spiral ribs visible on the body
whorl in the adult individual. Aperture. Shape: rounded to slightly ovoid, straight to
concave parietal side, palatal edge contiguous with the body whorl, basal side convex.
AH: 0.94– 0.97 mm. AW: 1.04–1.08 mm. AI: 0.87–0.92.
Diagnosis. Georissa gomantonensis is characterised by its bright greenish yellow
colour, broad final whorl, and strong spiral sculpture. The spiral sculpture pattern is
similar to G. insulae, but the shell habitus of G. gomantonensis is much broader and
inflated. Georissa everetti and G. williamsi have a similar shell habitus as G. gomantonensis, but differ because lacking of the oblique (G. everetti) and densely arranged (G.
williamsi) spiral sculpture.
Distribution. Georissa gomantonensis is widely distributed throughout Sabah.
More commonly found in the vegetation of the limestone forest, rather than on the
limestone rocks themselves.
Molecular analysis. ML and Bayesian analyses show that the individuals of G.
gomantonensis (16S: n = 2; CO1: n = 2) form a monophyletic group with 100% BS and
100% PP, sister group to the paraphyletic G. saulae + G. filiasaulae.
Georissa filiasaulae Haase & Schilthuizen, 2007
Figure 13A–K
Georissa filiasaulae Haase & Schilthuizen, 2007: 216, figs 2A–B and 2E; Clements et
al. 2006: 736; Clements et al. 2008: Appendix D; Schilthuizen et al. 2012; Khalik
et al. 2018.
Type locality. Malaysia, Sabah, Sepulut valley, Interior province, Batu Sanaron
(04°42.05'N, 116°36.01'E).
Type material. Holotype (Holotype by original designation). Malaysia, Sabah, Sepulut valley, Interior province, Batu Sanaron (04°42.05'N, 116°36.01'E): BOR/MOL 3795.
Paratypes. Malaysia, Sabah, Sepulut valley, Interior province, Batu Sanaron (04°42.05'N,
116°36.01'E): BOR/MOL 3491 (7); ZMB 107143-107149 (7) (not seen).
Other material. Batu Sanaron, Interior province, Sepulut valley, Sabah: BOR/
MOL 532, BOR/MOL 3405. Batu Pungiton, Interior province, Sepulut valley, Sabah
Batu Pungiton, Sabah (04°42.41'N, 116°36.04'E): BOR/MOL 12768 (Fig. 13).
Description. Protoconch. Colour: white. Sculpture: a mix of rounded, ellipsoidal
to irregular sculptural shape. Mesh width: 2.5–20 µm. Teleoconch. Colour: white. First
whorl: convex. Subsequent whorls: convex, shell shape slender to broad. Suture: clearly
impressed. Shoulder: slightly extended, regularly spaced nodules. Number of whorls:
2 ½–3. SH: 1.21–1.68 mm. SW: 1.67–1.68 mm. SI: 1.08–1.27. Shell sculpture. Radial sculpture: absent, weak to strong growth lines. Spiral sculpture: present, rather
weak and thin, densely spaced on the first whorl, the ribbing appears immediately
after the protoconch, sometimes distorted/discontinuous by the growth lines, superficially smooth on the later whorls. Aperture. Shape: rounded to semi-elliptic, straight
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Figure 13. Georissa filiasaulae Haase & Schilthuizen, 2007. A–K BOR/MOL 12768 A, D shell apertural view B shell side view C shell rear view E, F shell cross-section from 3D model G, H operculum
frontal and ventral view from 3D model I shell top view J protoconch side view K close up of protoconch
from top at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

to slightly convex parietal side, palatal side rounded, palatal edge partially contiguous
with the body whorl and parietal side, basal side convex. AH: 0.67– 0.79 mm. AW:
0.69–0.83 mm. AI: 0.93–0.97.
Diagnosis. Georissa filiasaulae has weak, thin, and densely arranged spiral sculpture with nodular structure on the shoulder. The shell colour and thickness are most
similar to G. corrugata, which has white and partially transparent shell.

68

Mohd Zacaery Khalik et al. / ZooKeys 840: 35–86 (2019)

Distribution. Georissa filiasaulae is a cave specialist, known from the cave system
of Batu Sanaron and Batu Tinahas in the Sepulut valley. Schilthuizen et al. (2012)
studied the population genetics of G. filiasaulae and its sister species, G. saulae. They
found narrow hybrid zones between the two species in cave entrances.
Molecular analysis. ML and Bayesian analyses of G. filiasaulae (16S: n = 3; CO1:
n = 3) show that G. filiasaulae form one clade with 98% BS and 100% PP. The sister
group is the G. saulae population from Pungiton (G. saulae is paraphyletic).
Discussion. Georissa filiasaulae is one of the two known Bornean Georissa that is
troglobitic. Khalik et al. (2018) described G. silaburensis, another species of Bornean
Georissa from the “scaly” group as a possible troglobite from Gunung Silabur, Serian,
Sarawak. Georissa filiasaulae differs from G. saulae by the absence of any scale-like sculpture, reduced shell pigmentation, and relatively larger shell size and broader shell shape.
Population genetic studies suggest that the hybrid zone between the two is restricted to a
narrow region at the cave entrances, rendering the two species as independent evolutionary
units. Therefore, considering them as separate species is warranted (Schilthuizen 2000).
Georissa insulae sp. n.
http://zoobank.org/97E4E8EB-6926-4F20-9228-AB313291CD7B
Figure 14A–K
Georissa williamsi Godwin-Austen: Clements et al. 2008: Appendix D; Phung et al.
(2017), fig. 8C.
Type locality. Pulau Mantanani Besar, Sabah, Malaysia (06°43.06'N, 116°20.50'E).
Type material. Holotype. Pulau Mantanani Besar, Sabah, Malaysia (06°43.06'N,
116°20.50'E): MZU/MOL 18.01 (Fig. 14A–C). Paratypes: Pulau Mantanani Besar,
Sabah, Malaysia (06°43.06'N, 116°20.50'E): MZU/MOL 18.02 (Fig. 14D–K). Pulau Mantanani Besar, West Coast Province, Sabah: JJV 9845 (8), JJV 9860 (>50),
BOR/MOL 3718, BOR/MOL 7161 (1), BOR/MOL 7174 (9). Pulau Lungisan, Sabah: BOR/MOL 3744. Kinabalu N.P., Poring Hot Springs, along path to waterfall,
West Coast Province, Sabah: JJV 13003 (1). Gua Mundau, Pitas, Sabah (06°33.02'N,
116°52.07'E): BOR/MOL 4373 (1, broken shell).
Etymology. The name is a genitive singular of the Latin word insula, meaning
‘island’, which refers to the Mantanani islands, the main collecting locality.
Description. Protoconch. Colour: orange. Sculpture pattern: a mix of rounded
and ellipsoidal sculpture. Mesh width: 1.5–12.0 µm. Teleoconch. Colour: orange. First
whorl: convex. Subsequent whorls: convex. Suture: well-impressed. Shoulder: narrow.
Number of whorls: 2 ¾–3 ¼. SH: 1.78–2.11 mm. SW: 1.21–1.40 mm. SI: 1.42–1.51.
Shell sculpture. Radial sculpture: absent, weak growth lines present throughout the shell
surface. Spiral sculpture: present, strong, regularly spaced, ca. 10–12 spiral ribs on the
body whorl of the adult individual, developed immediately after the protoconch; more
densely spaced spiral ribs at the basal part of the body whorl, becoming weaker closer
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Figure 14. Georissa insulae sp. n. A–C Holotype: MZU/MOL 18.01 D–K paratype: MZU/MOL 18.02
A, D shell apertural view B shell side view C shell rear view E, F shell cross-section from 3D model G,
H operculum frontal and ventral view from 3D model I shell top view J protoconch side view K close
up of protoconch from top at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

to the columellar region. Aperture. Shape: rounded to slightly ovoid, straight to concave parietal side, palatal edge contiguous with the body whorl, basal side convex. AH:
0.66–0.79 mm. AW: 0.74–0.84 mm. AI: 0.89–0.94. Holotype dimensions. SH: 2.11
mm, SW: 1.40 mm, AH: 0.79 mm, AW: 0.84 mm.
Diagnosis. Georissa insulae is characterised by the strong and regularly spaced
spiral ribs throughout the entire shell. This shell sculpture is similar to that of G.
hungerfordi and G. trusmadi, but less raised than in these two species. Georissa insulae
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has a greater number of spiral ribs, ca. 10–12 ribs on its shell compared to these two
species. The shell habitus is distinctly elongated compared to other spirally ribbed
Bornean Georissa.
Distribution. Known from islands of Mantanani Kecil, Mantanani Besar, Lungisan, and on the mainland from Pitas to Kinabalu National Park, Sabah.
Molecular analysis. ML and Bayesian analyses of G. insulae (16S: n = 4) show that
G. filiasaulae form one clade with 100% BS and 100% PP. Sister to the rest of “nonscaly” Georissa, except for G. hungerfordi + G. gomantonensis + G. filiasaulae.
Georissa pachysoma Vermeulen & Junau, 2007
Figure 15A–K
Georissa pachysoma Vermeulen & Junau, 2007: 216, fig. 7.
Type locality. Malaysia, Sarawak, 2nd div.: Lower Tatau River valley, Bukit Sarang
group, Bukit Lebik.
Type material. Holotype (Holotype by original designation). Malaysia, Sarawak,
2nd div.: Lower Tatau River valley, Bukit Sarang group, Bukit Lebik: RMNH/MOL
109084. Paratypes. Malaysia, Sarawak, 2nd div.: Lower Tatau River valley, Bukit Sarang
group, Bukit Lebik: JJV 12628 (10), JJV 12837 (2).
Other material. Bukit Sarang group, Lower Tatau River valley: JJV 12626, JJV
12844, JJV 12845, JJV 12846. Upper Tatau River valley, upper Kakus River limestone
scarps: JJV 12847. Bt. Besungai 0.5 m SW of Batu Gading, Long Lama, Baram valley (03°52.00'N, 114°25.00'E): JJV 4940. Slopes and cliffs along path to Great Cave,
Niah National Park: JJV 10216. N side of limestone area, Painted Cave, Niah National Park: JJV 10391. Bukit Lebik and Bukit Anyi, Bukit Sarang, Bintulu, Sarawak
(02°39.31'N, 113°02.47'E): MZU/MOL 17.62–MZU/MOL 17.84.
Description. Protoconch. Colour: red to brown. Sculpture: a mix of triangular,
rounded, and irregular sculptural shapes. Mesh width: 2–12 µm. Teleoconch. Colour: red to brown. First whorl: convex. Subsequent whorls: convex, broad at the final
whorl. Suture: clearly impressed. Shoulder: narrow. Number of whorls: 2 ¾–3 ¼. SH:
1.20–1.65 mm. SW: 0.95–1.23 mm. SI: 1.19–1.34. Shell sculpture. Radial sculpture:
absent, weak growth lines at irregular intervals only. Spiral sculpture: present, rather
thin, widely spaced in the centre of the whorls, densely spaced close to the suture
and the periphery, ribs appear immediately after the protoconch, ca. 12–15 medium
raised spiral ribs, distorted/discontinuous where they are crossed by the growth lines.
Aperture. Shape: rounded to semi-elliptic, straight to concave parietal side, palatal side
convex and tilted below, palatal edge contiguous with the body whorl, basal side convex. AH: 0.54– 0.70 mm. AW: 0.57–0.72 mm. AI: 0.90–1.00.
Diagnosis. Georissa pachysoma is characterised by a dark red to brown colour of
the shell, similar to G. nephrostoma, but the latter species has wavy spiral ribs while
G. pachysoma does not. In shell habitus, G. pachysoma closely resembles G. hungerfordi, but the colour and spiral sculpture of G. hungerfordi (orange in colour in living
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Figure 15. Georissa pachysoma Vermeulen & Junau, 2007. A–K MZU/MOL 17.64 A, D shell apertural
view B shell side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal
and ventral view from 3D model I shell top view J protoconch side view K close up of protoconch from
top at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

or freshly dead specimens, with highly raised spiral sculpture) is entirely different
from G. pachysoma.
Distribution. Georissa pachysoma is widely distributed from Bukit Sarang, Bintulu
to further north in Baram and Niah, Sarawak.
Molecular analysis. ML and Bayesian analyses of G. pachysoma (16S: n = 4; CO1:
n = 4) show that G. pachysoma forms one clade with 100% BS and 100% PP, sister to
the rest of the “non-scaly” group species, except for G. hungerfordi + G. gomantonensis
+ G. filiasaulae + G. insulae.

72

Mohd Zacaery Khalik et al. / ZooKeys 840: 35–86 (2019)

Georissa similis Smith, 1893
Figures 1F, 16A–K
Georissa similis Smith, 1893: 351, Plate XXV fig. 26; Thompson and Dance 1983: 126,
figs 37, 42, 73–75.
Georissa sp. 3 (Smith, 1893): Clements et al. 2008: Appendix D.
Type locality. Gomanton Hill, N. Borneo.
Type material. Lectotype (Designation by Thompson and Dance 1983). Gomanton Hill, N. Borneo: NHMUK 1892.7.23.51 (glued on paper) (Fig. 1F). Paralectotype.
Gomanton Hill, N. Borneo: NHMUK 1892.7.23.52 (1) (glued on paper).
Other material. Gomanton, N. Borneo: NHMUK 94.7.20.59-60 (glued on paper),
NHMUK 94.7.21.50-3 (glued on paper). Gomantong hill, Kinabatangan valley, Sandakan, Sabah (05°32.00'N, 118°06.00'E): JJV 1614. Gua Gomantong, Sabah (05°31.03'N,
118°04.01'E): BOR/MOL 52, BOR/MOL 3644. Bukit Mawas, lower Kinabatangan valley, Sabah (05°27.20'N, 118°08.67'E): BOR/MOL 1989. Batu Pangi, Kinabatangan valley, Sandakan, Sabah (05°31.59'N, 118°18.43'E): JJV 9831. Batu Tai (not Bod Tai) near
Gomantong, Kinabatangan valley, Sandakan, Sabah (05°32.35'N, 118°10.32'E): JJV
9830, BOR/MOL 2686. Batu Keruak, lower Kinabatangan valley, Sabah (05°31.00'N,
118°17.00'E): BOR/MOL 1466. Ulu Sungai Resang, lower Kinabatangan, Sabah
(05°31.00'N, 118°21.00'E): BOR/MOL 1447. Batu Batangan, Sabah (05°27.54'N,
118°06.18'E): MZU/MOL 16.14 (Fig. 16). Gua Madai, Tawau, Sabah (04°44.00'N,
118°08.00'E): BOR/MOL 53, JJV 1738, JJV 7693. Segarong Hills, Bukit Pababola,
Semporna, Tawau, Sabah (04°33.00'N, 118°25.00'E): JJV 1772, JJV 1817. Batu Baturong, Tawau, Sabah (04°41.00'N, 118°01.00'E): JJV 1829, BOR/MOL 1446. Limestone
hill on N bank Segama river, Tawau, Sabah (05°06.10'N, 118°13.12'E): JJV 7823. Tabin
Wildlife reserve, Lahad Datu, Sabah (05°18.81'N, 118°44.65'E): BOR/MOL 54.
Description. Protoconch. Colour: red. Sculpture: rounded to ellipsoidal mesh pattern. Mesh width: 2.8–7.0 µm. Teleoconch. Colour: red. First whorl: convex to flat at
the upper part of the whorl. Subsequent whorls: convex. Suture: clearly impressed.
Shoulder: narrow to slightly extended. Number of whorls: 2 ½–3 ¼. SH: 0.96–1.44
mm. SW: 0.85–1.06 mm. SI: 1.13–1.36. Shell sculpture. Radial sculpture: present,
dense and regularly spaced, always stronger than the spiral sculpture. Spiral sculpture:
present, raised but thin, appearing immediately after the protoconch, spiral sculpture
often interrupted due to highly developed radial ribs; the overlapping radial and spiral
sculptures form knitted structures on the shell. Aperture. Shape: semi-elliptic to rounded, straight to slightly concave parietal side, palatal edge contiguous with the parietal
side, basal side convex. AH: 0.49– 0.64 mm. AW: 0.50–0.67 mm. AI: 0.85–0.98.
Diagnosis. Georissa similis is characterised by the dense radial sculpture. The radial
ribs intersect with the thin spiral ribs and form knitted structures throughout the shell
surface. The sculpture pattern is similar to G. everetti but not oblique, and the radial
sculpture is more raised in G. similis. The shell shape is similar to G. corrugata and G.
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Figure 16. Georissa similis Smith, 1893. A–K MZU/MOL 16.14 A, D shell apertural view B shell side
view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal and ventral view
from 3D model I shell top view J protoconch side view K close up of protoconch from top at 1000 ×
magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

xesta, but these species differ entirely in their shell and protoconch sculpture (G. corrugata has irregular radial shell sculpture and straight-line protoconch sculpture; G. xesta
does not have radial sculpture and the protoconch sculpture is a mix of irregular shapes).
Distribution. Georissa similis is widely distributed in the east of Sabah, from
Sandakan in the north to Tawau in the south and Lahad Datu in the east.
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Molecular analysis. ML and Bayesian analyses of G. similis (16S: n = 5; CO1: n =
5) show that G. similis form one clade with 100% BS and 100% PP, sister to the group
of G. xesta + G. nephrostoma + G. bangueyensis + G. flavescens.
Discussion. Uribe et al. (2016) have published the mitochondrial genome of G.
similis (GenBank acc. no. KU342664) which was previously identified as G. bangueyensis (see phylogenetic trees, Fig. 2A and B). Phylogenetic analyses have shown that it
is possible to identify the identity of a Georissa even when shell data are not available.
Georissa xesta Thompson & Dance, 1983
Figures 1G, 17A–K
Georissa xesta Thompson & Dance, 1983: 125, figs 69–70.
Type locality. A small limestone ridge quarried for rock 5 mi W Kudat, Sabah, Borneo
(06°57.00'N, 116°48.00'E).
Type material. Holotype (Holotype by original designation). A small limestone
ridge quarried for rock 5 mi W Kudat, Sabah, Borneo (06°57.00'N, 116°48.00'E):
UF 35968 (not seen). Paratypes. A small limestone ridge quarried for rock 5 mi W
Kudat, Sabah, Borneo (06°57.00'N, 116°48.00'E): UF 35969 (not seen), UF35970
(not seen), SMF 255740/6 (not seen), NHMUK 1984.006 (5) (Fig. 1G), JJV 13424.
Other material. Kinabatangan valley, Batu Tulug (Batu Putih) along road Lahad Datu-Sandakan, N of bridge over Kinabatangan River, Sandakan province,
Sabah (05°25.00'N, 117°56.00'E): JJV 1481. Kinabatangan valley, Batu Keruak 2
near Sukau, Sandakan province, Sabah (05°32.00'N, 118°18.00'E): JJV 9786. Kinabatangan valley, Batu Tomanggong Kecil, Sandakan province, Sabah (05°30.12'N,
118°18.10'E): JJV 9828. Batu Tomanggong Besar, Kinabatangan valley, Sandakan,
Sabah (05°31.02'N, 118°18.21'E): BOR/MOL 1437, BOR/MOL 2252, BOR/
MOL 2281. Batu Tomanggong Besar 2, Kinabatangan valley, Sandakan, Sabah
(05°31.16'N, 118°18.33'E): BOR/MOL 1440. Batu Tomanggong Kecil, Kinabatangan valley, Sandakan, Sabah (05°30.21'N, 118°18.18'E): BOR/MOL 2025, BOR/
MOL 2053. Batu Keruak, Kinabatangan valley, Sandakan, Sabah (05°32.00'N,
118°18.00'E): BOR/MOL 2687. Lower Kinabatangan valley, Sabah; Unnamed limestone hill 1 (05°31.11'N, 118°17.23'E): BOR/MOL 2151, BOR/MOL 2184, BOR/
MOL 2217; Unnamed limestone hill 2 (05°30.00'N, 118°17.00'E): BOR/MOL
1441. Batu Materis, Kinabatangan valley, Sabah (05°31.21'N, 118°01.31'E): BOR/
MOL 2113, BOR/MOL 2083. Bod Tai, Kinabatangan valley, Sabah (05°31.00'N,
118°13.00'E): BOR/MOL 1443. Bukit Mawas, lower Kinabatangan valley, Sabah: BOR/MOL 1444. Pangi, Kinabatangan valley, Sandakan province, Sabah
(05°31.59'N, 118°18.43'E): BOR/MOL 1442. Ulu Sungai Resang, lower Kinabatangan valley, Sabah (05°31.00'N, 118°21.00'E): BOR/MOL 1438, BOR/MOL 7303
(Fig. 17), BOR/MOL 7311. Segama valley, ‘Kirk’s Cave’ 8 km N of Lahad Datu,
Tawau province, Sabah (05°04.00'N, 118°16.00'E): JJV 1236. Segama valley, hill
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Figure 17. Georissa xesta Thompson & Dance, 1983. A–K BOR/MOL 7303 A, D shell apertural view
B shell side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal and
ventral view from 3D model I shell top view J protoconch side view K close up of protoconch from top
at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

NW of crossing road Sandakan-Lahad Datu with the Segama River, Tawau province,
Sabah (05°06.00'N, 118°13.00'E): JJV 1687. Segama valley, Sabahmas Cave, Tawau
province, Sabah (05°08.52'N, 118 26.01'E): JJV 7453. Batu Baturong, N slope, Tawau province, Sabah (04°41.46'N, 118°0.45'E): JJV 7583. Segama valley, N end of
limestone ridge on East bank Tabin River, Sandakan province, Sabah (05°18.49'N,
118°44.39'E): JJV 7755. Tabin Wildlife Reserve, Lahad Datu, Sabah: BOR/MOL
12, BOR/MOL 13. Limestone hill on N bank Segama River, Tawau province, Sabah
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(05°06.01'N, 118°13.01'E): BOR/MOL 9. Sabahmas Cave, Tawau Province, Sabah
(05°08.05'N, 118°26.00'E): BOR/MOL 8. Batu Baturong, Tawau Province, Sabah
(04°41.04'N, 118°00.04'E): BOR/MOL 10. N end of limestone ridge on E bank
Tabin River, Sandakan Province, Sabah (05°18.04'N, 118°44.03'E): BOR/MOL 11.
Tomanggong Sukau, Sandakan, Sabah (05°32.01'N, 118°23.00'E): BOR/MOL 14.
Sabah, Malaysia: RMNH/MOL 335369. Sabah, N. Borneo: ZMA/MOLL 315545.
Materis, Kinabatangan, Sabah (05°31.38'N, 118°01.02'E): BOR/MOL 7258.
Description. Protoconch. Colour: pale orange to orange. Sculpture: irregular sculptural shape resulted from a combination of rounded to ellipsoidal sculpture patterns.
Mesh width: 1–10. Teleoconch. Colour: orange, the colour of the teleoconch always darker than the protoconch. First whorl: convex. Subsequent whorls: convex. Suture: clearly
impressed. Shoulder: narrow to slightly extended. Number of whorls: 2 ¾–3 ½. SH:
1.05–1.68 mm. SW: 0.84–1.18 mm. SI: 1.22–1.45. Shell sculpture. Radial sculpture: absent, only weak growth lines present. Spiral sculpture: present, ca. 20–25 thin and weak
spiral ribs, superficially smooth, densely arranged, appearing immediately after the protoconch, distorted by growth lines. Aperture. Shape: rounded to slightly ovoid, straight to
concave parietal side, palatal edge partially contiguous with the body whorl and the parietal side, basal side convex. AH: 0.48– 0.66 mm. AW: 0.50–0.74 mm. AI: 0.76–0.98.
Diagnosis. Georissa xesta has densely arranged spiral sculpture (8–10 ribs in every
0.1 mm), unlike G. bangueyensis (4–5 ribs in every 0.1 mm), which has more space
in between the spiral ribs. The shell of G. xesta looks superficially smooth under a
stereomicroscope at low contrast with less than × 20 magnification. The dense spiral
sculpture is similar to the spiral ribbing pattern of G. williamsi, but the shell habitus
of these two species is entirely different, where G. williamsi has a broad ultimate whorl
but G. xesta does not. Based on the shell shape, G. xesta is similar to G. similis and G.
corrugata, but both of these species have strongly raised radial sculpture.
Distribution. Georissa xesta is widely distributed in Sabah, especially in the coastal
areas around Kudat, Sandakan, Lahad Datu, and Tawau.
Molecular analysis. In the ML and Bayesian analyses of G. xesta (16S: n = 2;
CO1: n = 3), the Materis and Ulu Resang populations form highly supported clades
96% BS and 100% PP, which are paraphyletic with respect to G. nephrostoma.
Discussion. The type series of G. xesta from NHMUK seems to be partially eroded. However, the densely arranged thin spiral sculpture which is the diagnostic character of the species is still visible in the type series.
Georissa nephrostoma Vermeulen, Liew & Schilthuizen, 2015
Figure 18A–K
Georissa nephrostoma Vermeulen et al., 2015: 34, fig. 20.
Type locality. Malaysia, Sabah, Sandakan Province, Kinabatangan valley, Batu Keruak
2 near Sukau.
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Figure 18. Georissa nephrostoma Vermeulen et al., 2015. A–K MZU/MOL 17.29 A, D shell apertural
view B shell side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal
and ventral view from 3D model I shell top view J protoconch side view K close up of protoconch from
top at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K). Shell image of the apertural view (Fig. 18D) is the same as shown in Khalik et al. (2018: fig. 1K).

Type material. Holotype (Holotype by original designation). Malaysia, Sabah,
Sandakan Province, Kinabatangan valley, Batu Keruak 2 near Sukau (05°32.00'N,
118°18.00'E): RMNH/MOL 5003955 (not seen, we were unable to locate the material
in RMNH collection). Paratypes. Malaysia, Sabah, Sandakan Province. Kinabatangan valley, Batu Keruak 2 near Sukau (05°32.00'N, 118°18.00'E): NHMUK 20150573, BOR/
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MOL 1449, BOR/MOL 1450, BOR/MOL 1845, JJV 9795; Batu Pangi (05°31.59'N,
118°18.43'E): BOR/MOL 1452, JJV 9833; Batu Tai near Gomantong (05°32.35'N,
118°10.32'E): JJV 9832; Tandu Batu (05°35.47'N, 118°20.34'E): JJV 9834; Limestone
hills near Sukau Police Station: BOR/MOL 2186, BOR/MOL 2153, BOR/MOL 1451.
Other material. Batu Keruak, Sandakan Province, Sabah (05°32.00'N,
118°18.00'E): BOR/MOL 1454, MZU/MOL 17.29 (Fig. 18). Tandu Batu, Sandakan
Province, Sabah (05°35.47'N, 118°20.34'E): BOR/MOL 2685.
Description. Protoconch. Colour: red to brown. Sculpture: rounded, ellipsoidal to
irregular sculptural shape. Mesh width: 2–10 µm. Teleoconch. Colour: red to brown.
First whorl: rounded to convex. Subsequent whorls: rounded to convex. Suture: clearly
impressed. Shoulder: narrow. Number of whorls: 2 ½–2 ¾. SH: 0.87–1.24 mm. SW:
0.69–0.92 mm. SI: 1.26–1.43. Shell sculpture. Radial sculpture: absent, densely spaced
weak to strong growth lines, no formation of true radial ribs. Spiral sculpture: present,
appearing immediately after the protoconch; the ribs are low but narrow to broadly
sculpted, regularly spaced, wavy, ca. 12–14 spiral ribs at the upper part of the body
whorl; near the aperture, the spiral sculpture is weakened and flattened approaching
the columellar region. Aperture. Shape: semi-elliptic, highly convex, and bulky parietal
side, palatal side rounded, palatal edge contiguous with the parietal side, basal side
convex. AH: 0.40–0.55 mm. AW: 0.43–0.60 mm. AI: 0.92–0.95.
Diagnosis. Georissa nephrostoma is characterised by the wavy formation of the spiral sculpture and the inflated parietal side of the aperture. The wavy sculpture pattern
of G. nephrostoma is similar to G. flavescens but the two species differ entirely based
on the shell habitus, where G. flavescens has a more compressed shell habitus. In shell
shape, G. nephrostoma resembles G. similis, G. xesta and G. bangueyensis, but none of
these species have the uniquely inflated parietal side of the aperture.
Distribution. Georissa nephrostoma is distributed from Sukau to Gomantong,
Kinabatangan region, Sabah.
Molecular analysis. ML and Bayesian analyses of G. nephrostoma (16S: n = 5;
CO1: n = 1) showed that all G. nephrostoma specimens form one clade with 99% BS
and 100% PP. The sister group is the G. xesta population from Materis and Ulu Resang
(G. xesta is paraphyletic).
Georissa bangueyensis Smith, 1895
Figures 1H, 19A–K
Georissa bangueyensis Smith, 1895: 125, Plate IV fig. 16; Thompson and Dance 1983: 126.
Type locality. Banguey Island, N. Borneo.
Type material. Lectotype (Designation by Thompson and Dance 1983). Banguey
Island, N. Borneo: NHMUK 1893.6.7.9 (Fig. 1H).
Other material. Banggi Island, South end, Kudat province, Sabah (07°06.32'N,
117°5.07'E): RMNH/MOL 152746, JJV 1423, JJV 1451, JJV 9467, JJV 9497. Pu-
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Figure 19. Georissa bangueyensis Smith, 1895. A–K RMNH/MOL 5004968 A, D shell apertural view
B shell side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal and
ventral view from 3D model I shell top view J protoconch side view K close up of protoconch from top
at 1000 × magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).

lau Banggi, Kudat Dist., Sabah: BOR/MOL 15. Bod Gaya Island, Tun Sakaran Marine Park, Semporna, Sabah: BOR/MOL 4729. Gomantong limestone hill, Sabah:
BOR/MOL 3320. Balambangan Island, Sabah (07°14.00'N, 116°52.00'E): BOR/
MOL 3684. Kok simpul, Pulau Balambangan, Kudat Province, Sabah (07°13.03'N,
116°53.14'E): BOR/MOL 1445. S end Batu Sireh, Pulau Balambangan, Kudat
Province, Sabah (07°12.29'N, 116°51.30'E): BOR/MOL 1439. Segama valley, lime-
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stone hill on N bank Segama River, near bridge of road Sandakan to Lahad Datu, Tawau province, Sabah (05°06.10'N, 118°13.12'E): JJV 7495. Materis, Kinabatangan,
Sabah (05°31.38'N, 118°01.02'E): BOR/MOL 11820, BOR/MOL 11851, BOR/
MOL 11910, BOR/MOL 11945. Bukit Mawas, lower Kinabatangan valley, Sabah
(05°27.20'N, 118°08.67'E): BOR/MOL 1954, RMNH/MOL 5004968 (Fig. 19).
Kampung, Kinabatangan, Sabah (05°30.72'N, 118°16.92'E): BOR/MOL 10901,
BOR/MOL 10922. Ulu Resang, Kinabatangan, Sabah (05°30.66'N, 118°20.40'E):
BOR/MOL 9284, BOR/MOL 9311, BOR/MOL 9345, BOR/MOL 9595, BOR/
MOL 9610, BOR/MOL 9617. Batu Payung, Kinabatangan, Sabah (05°35.34'N,
118°19.44'E): BOR/MOL 8952, BOR/MOL 8967, BOR/MOL 8976, BOR/
MOL 9003. Tomanggong Kecil, Kinabatangan, Sabah (05°30.54'N, 118°17.94'E):
RMNH/MOL 152858, RMNH/MOL 152859, BOR/MOL 7473, BOR/MOL
9619, BOR/MOL 9685, BOR/MOL 9903, BOR/MOL 9943, BOR/MOL 9952,
BOR/MOL 9983. Tomanggong Besar 1, Kinabatangan, Sabah (05°31.86'N,
118°18.24'E): BOR/MOL 10560, BOR/MOL 10806, BOR/MOL 11318,
BOR/MOL 11361. Tomanggong Besar 2, Kinabatangan, Sabah (05°31.32'N,
118°17.88'E): BOR/MOL 10385, BOR/MOL 10411, BOR/MOL 10531, BOR/
MOL 11352. “NewLocation1”, Kinabatangan, Sabah (05°27.40'N, 118°08.76'E):
RMNH/MOL 5004826.
Description. Protoconch. Colour: red. Sculpture: irregular sculptural shape to
smooth. Mesh width: 1–20 µm. Teleoconch. Colour: red. First whorl: convex. Subsequent whorls: convex. Suture: clearly impressed. Shoulder: narrow. Number of
whorls: 2 ¾–3. SH: 1.00–1.33 mm. SW: 0.77–0.96 mm. SI: 1.22–1.42. Shell sculpture. Radial sculpture: absent, only weak growth lines are here and there visible.
Spiral sculpture: present, appearing immediately after the protoconch, regularly arranged; ca. 8–10 spiral ribs on the first whorl, on the later whorls the sculpture is
more prominent at the upper part of the whorl, weaker and flattened closer to the
columellar region. Aperture. Shape: semi-elliptic to rounded, straight to slightly concave parietal side, palatal edge contiguous with the parietal side, basal side convex.
AH: 0.40– 0.53 mm. AW: 0.45–0.60 mm. AI: 0.81–1.00.
Diagnosis. Georissa bangueyensis is characterised by its clear spiral ribs at the upper part of the body whorl, similar to G. flavescens and G. nephrostoma, but the two
latter species have wavy spiral ribs. Spiral sculpture on the lower whorl is weaker and
less obvious closer to the columellar region. In shell sculpture, it is most similar to
G. xesta, but the latter species has more densely arranged spiral sculpture (see discussion in G. xesta).
Distribution. Georissa bangueyensis is widely distributed in the coastal regions of
northern and eastern Sabah.
Molecular analysis. ML and Bayesian analyses of G. bangueyensis (16S: n = 6;
CO1: n = 6) show that G. bangueyensis forms a monophyletic clade with 100% BS and
100% PP, and is sister to G. flavescens.
Discussion. Thompson and Dance (1983) questioned the validity G. bangueyensis
as a proper species based on a limited number of specimens. We propose that G. bangueyensis is a proper species with distinct characteristics, as compared to G. xesta.
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Georissa flavescens Smith, 1895
Figures 1I, 20A–K
Georissa flavescens Smith, 1895: 126, Plate IV fig. 17; Thompson and Dance 1983: 121.
Type locality. Gomanton, N.E. Borneo.
Type material. Lectotype (Designation by Thompson and Dance 1983). Gomanton, NE Borneo: NHMUK 1893.6.8.11 (Fig. 1I). Paralectotypes. Gomanton, NE Borneo: NHMUK 1893.6.8.12-13.

Figure 20. Georissa flavescens Smith, 1895. A–K BOR/MOL 7288 A, D shell apertural view B shell
side view C shell rear view E, F shell cross-section from 3D model G, H operculum frontal and ventral
view from 3D model I shell top view J protoconch side view K close up of protoconch from top at 1000
× magnification. Scale bars: 500 µm (A–I); 200 µm (J); 10 µm (K).
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Other material. Tomanggong Besar 1, Kinabatangan, Sabah: BOR/MOL 7299.
Tomanggong Besar 2, Kinabatangan, Sabah: BOR/MOL 7626. Batu Pangi, Kinabatangan valley, Sandakan province, Sabah (05°31.59'N, 118°18.43'E): JJV 9827,
BOR/MOL 7288 (Fig. 20), BOR/MOL 9261, BOR/MOL 9325 (G. flavescens mixed
with G. xesta), BOR/MOL 10816, BOR/MOL 10830, BOR/MOL 10835. Batu
Keruak, Kinabatangan, Sabah (05°31.38'N, 118°17.16'E): BOR/MOL 11621.
Description. Protoconch. Colour: orange. Sculpture: rounded, ellipsoidal to irregular sculptural shape. Mesh width: 2–10 µm. Teleoconch. Colour: orange. First whorl:
convex. Subsequent whorls: convex, and slightly angular at the penultimate whorl.
Suture: clearly impressed. Shoulder: narrow to slightly extended. Number of whorls:
2 ½–2 ¾. SH: 0.87–1.20 mm. SW: 0.73–0.95 mm. SI: 1.15–1.26. Shell sculpture.
Radial sculpture: absent, weak growth lines. Spiral sculpture: present, appearing immediately after the protoconch, wavy, thin, and regularly arranged ribs at the first whorl,
more raised at the later whorls. Aperture. Shape: semi-elliptic, straight to concave parietal side, palatal side rounded, palatal edge contiguous with the palatal side, basal side
convex. AH: 0.43– 0.55 mm. AW: 0.47–0.58 mm. AI: 0.82–0.95.
Diagnosis. Georissa flavescens is characterised by the wavy spiral sculpture, which
it only shares with G. nephrostoma, but the latter species, with its narrow spire and
inflated columella, is entirely distinct in shell habitus. The shell shape of G. flavescens
is similar to G. gomantonensis, G. williamsi, and G. everetti, but its size is reduced compared to these three species.
Distribution. Georissa flavescens is restricted to four limestone hills, Batu Pangi,
Batu Keruak, Batu Gomantong, and Batu Tomanggong, in the Lower Kinabatangan
valley of Sabah.
Molecular analysis. ML and Bayesian analyses of G. flavescens (16S: n = 7; CO1:
n = 8) show that G. flavescens forms a monophyletic clade with 100% BS and 100%
PP, a sister species of G. bangueyensis.
Discussion. Thompson and Dance (1983) synonymised G. flavescens to G. gomantonensis, without stating any reason. We find otherwise, that G. flavescens is a valid
species based on detailed conchology and molecular analysis.
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Abstract
At present, there are 26 species in the genus Rhaphium Meigen known from China. In this paper, three
species from China are described as new to science: Rhaphium gangchanum sp. n., Rhaphium shaliuhense
sp. n., and Rhaphium tianshuiense sp. n. A key to the Chinese species of Rhaphium is provided.
Keywords
China, new species, Rhaphium

Introduction
The genus Rhaphium Meigen belongs to the subfamily Rhaphiinae (Dolichopodidae)
with 199 known species worldwide (Yang et al. 2006, 2011; Grichanov 2017). Twenty-six species have been recorded from China, with nine species only from Oriental
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China, 14 species only from Palaearctic China, two species from Oriental and Palaearctic China, and R. dilatatum Wiedemann, 1830 with an unclear Chinese distribution.
The specimens upon which this study is based were collected in Beijing as well as
the Hebei, Qinghai, and Gansu regions of China. Gansu and Qinghai Provinces are
located in northwestern China. Gansu Province has a temperate monsoon climate and
lies between the Tibetan Plateau and the Loess Plateau. Qinghai Province has a plateau
continental climate and is located in the northeastern part of the Tibetan Plateau. Beijing, the capital of China, is located in the north of the country and has a subtemperate
climate. Hebei Province is also in the north, and its the climate is similar to that of
Beijing. In the present paper, we describe three new species of the fauna of China and
provide a key to all species of Chinese Rhaphium, except for R. dilatatum Wiedemann,
1830 and R. relates (Becker, 1922) because they are poorly described and the whereabouts of the holotypes are unknown.

Material and methods
The specimens in this study were collected by sweep nets and subsequently stored into
95% ethanol. All specimens are deposited in the Entomological Museum of China Agricultural University (CAU), Beijing. Morphological terminology for adult structures
mainly follows Cumming and Wood (2009). The following abbreviations are used: acr
= acrostichal bristle(s), ad = anterodorsal bristle(s), av = anteroventral bristle(s), cer =
cercus, CuAx ratio = length of m-cu / length of distal portion of CuA, dc = dorsocentral bristle(s), npl = notopleural bristle(s), oc = ocellar bristle(s), pa = postalar bristle(s),
pd = posterodorsal bristle(s), pvt = postvertical bristle(s), sa = supraalar bristle(s), sc =
scutellar bristle(s), sur = surstylus, vt = vertical bristle(s).

Taxonomy
Rhaphium Meigen, 1803
Rhaphium Meigen 1803: 272. Type species: Rhaphium macrocerum Meigen, 1824.
Diagnosis. Body small to large (1.5–5.7 mm); vertex flat; oc nearly as long as vt; face
obviously narrower than frons; clypeus not obviously separate from face; antenna
black, first flagellomere mostly prolonged, 2–10 times longer than wide, arista apical; propleuron with dense pale white hairs, without distinct bristle; hind coxa with
or without 1 outer bristle at middle; vein M straight and not bifurcated, R4+5 parallel
or slightly convergent with M in wing apex, CuAx ratio less than 1; abdominal segments 1–3 usually with long pale hairs, abdominal segment 6 visible and pubescent;
male genitalia connected tightly with pregenital segment, cap-like, cercus varied, often long and narrowed towards tip, sometimes bifurcate, with hairs and bristles at
middle (Yang et al. 2011).
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Key to species (males) of Rhaphium from China
1
–
2
–
3
–
4
–
5
–
6
–
7
–
8
–
9
–
10
–
11
–
12
–
13
–
14
–

First flagellomere at least 4.0 times longer than wide (Fig. 6).............................2
First flagellomere at most 2.5 times longer than wide (Fig. 4............................13
Four dc..............................................................................................................3
Five to six dc......................................................................................................4
First flagellomere about 4.3 times longer than wide (Yang et al. 2011: fig. 799); 2
or 3 pairs of acr; hairs and bristles on coxae black................................................
...............................................................R. apicinigrum Yang & Saigusa, 1999
First flagellomere about 8.2 times longer than wide; acr absent (Yang et al. 2011:
fig. 812); hairs and bristles on coxae pale yellow...................................................
................................................................R. sichuanense Yang & Saigusa, 1999
Arista inflated apically (Yang et al. 2011: fig. 809)...............................................
....................................................................... R. parentianum Negrobov, 1979
Arista simple, not inflated apically......................................................................5
Cercus bifoliate (Fig. 7)......................................................................................6
Cercus not bifoliate............................................................................................8
First flagellomere at most 7.0 times longer than wide (Fig. 6)............................7
First flagellomere at least 9.0 times longer than wide............................................
.............................................................. R. bilobum Tang, Wang & Yang, 2016
All coxae black (Fig. 3)........................................................ R. shaliuhense sp. n.
All coxae yellow........................... R. daqinggouense Tang, Wang & Yang, 2016
First flagellomere at least 8.0 times longer than wide..........................................9
First flagellomere at most 6.0 times longer than wide.......................................10
Eight uniseriate acr; cercus nearly triangular, short, not bifurcated.......................
........................................................R. neimengense Tang, Wang & Yang, 2016
Five to eight irregularly paired acr; cercus deeply bifurcated into 2 long lobes
(Yang et al. 2011: fig. 816).................. R. zhongdianum Yang et Saigusa, 2001a
Palpus yellow; acr absent; surstylus bifurcated apically (Yang et al. 2011: fig.
802).............................................................R. furcatum Yang & Saigusa, 2000
Palpus dark; acr present; surstylus not bifurcated apically.................................11
Five dc; surstylus long and thin, without apical incision.......................................
......................................................... R. palliaristatum Yang & Saigusa, 2001b
Six dc; surstylus short and wide, with apical incision........................................12
All coxae yellow; hind tibia yellow; surstylus with long thick hairs apically; cercus
long band-like (Yang et al. 2011: fig. 815)............. R. xinjiangense Yang, 1998a
Only fore coxa yellow, mid and hind coxae black; hind tibia black; surstylus only
with sparse short hairs; cercus long triangular (Yang et al. 2011: fig. 810)............
............................................................................... R. qinghaiense Yang, 1998b
Fore tarsus modified.........................................................................................16
Fore tarsus simple............................................................................................19
Fore tarsomere 1 simple, fore tarsomere 5 with 2 Y-shaped apical bristles and 2
long strong bristles.................................R. dorsiseta Tang, Wang & Yang, 2016
Fore tarsomere 1 modified, other various.........................................................15
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15
–
16
–
17
–
18
–
19
–
20

–

21
–
22
–
23
–
24
–
25
–
26
–
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Fore tarsomere 1 depressed dorsally but strongly raised ventrally..........................
......................................................................................R. lumbricus Wei, 2006
Fore tarsomere 1 inflated apically.....................................................................16
Arista at least 1.4 as long as first flagellomere...................................................17
Arista at most 0.8 as long as first flagellomere (Yang et al. 2011: fig. 813)............
................................................................................. R. sinense Negrobov, 1979
Fore tarsomere 2 inflated, mid tarsomeres 4 and 5 inflated (Yang et al. 2011: fig.
800)................................................................... R. baihuashanum Yang, 1998a
Fore and mid tarsi simple, not inflated.............................................................18
Middle and lower postocular bristles yellow; 8 dc; mid femur yellow; cercus not
bifoliate............................ R. heilongjiangense Wang, Yang & Masunaga, 2005
All postocular bristles black; 5 dc; mid femur black; cercus bifoliate....................
.......................................................................................... R. gangchanum sp.n.
Fore femur with row of strong ventral bristles or long ventral hairs..................20
Fore femur without distinct ventral bristle or hairs...........................................21
First flagellomere about 2.1 times longer than wide; arista about 1.9 times longer than
first flagellomere; fore femur with row of long pale yellow ventral bristles as long as
width of fore femur; cercus wide but narrow at base and widened onwards, with distinct marginal denticles (Yang et al. 2011: fig. 811)....... R. riparium (Meigen, 1824)
First flagellomere about 1.5 times longer than wide; arista about 2.8 times longer
than first flagellomere; fore femur with 2 rows of long pale yellow bristles longer
than width of fore femur; cercus very long, wide at basal half...............................
...................................................... R. apophysatum Tang, Wang & Yang, 2016
Fore tarsus modified, tarsomere 1 with row of strong ventral bristles on basal half,
tarsomere 2 inflated apically (Yang et al. 2011: fig. 807c).................................22
Fore tarsus simple, tarsomere 1 without distinct ventral bristles, tarsomere 2 simple...23
Fore and mid femora yellow apically, fore and mid tibia yellow; fore coxa with
black bristles and hairs...............................................R. micans (Meigen, 1824)
Fore femur, mid and hind tarsi dark; fore coxa with light yellow bristles and
hairs.......................................................................... R. dispar Coquillett, 1898
All coxae dark, fore and mid femora yellow apically.........................................24
Basal half of fore coxa and apical 1/3 of hind femur dark.................................25
Hind tibia with 3 ventral bristles; mid tarsomere 1 1.1 times as long as hind tarsomere 1.................................. R. wuduanum Wang, Yang & Masunaga, 2005
Hind tibia without distinct ventral bristles; mid tarsomere 1 1.4 times as long as
hind tarsomere 1......................................................R. gansuanum Yang, 1998a
Mid coxa with 1 strong outer bristle, and bunch of ventral bristles; mid tibia with
1 av..................................................................................................................26
Mid coxa only with only 1 strong outer bristle at middle, without bunch of ventral
bristles; mid tibia without ventral bristles.... R. bisectum Tang, Wang & Yang, 2016
Squama with yellow hairs; cercus not bifoliate; surstylus short and thick..............
................................................................................ R. mediocre (Becker, 1922)
Squama with black hairs; cercus bifoliate; surstylus basally thick, apically sharp,
with one protuberance (Fig. 9)........................................... R. tianshuiense sp.n.
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Rhaphium gangchanum sp. n.
http://zoobank.org/F056D53D-892F-4AC0-BB88-EE81DA991605
Figures 1, 4, 5
Diagnosis. First flagellomere about 2.2 times longer than wide; arista with basal segment 0.1 times as long as apical segment. All postocular bristles black. All coxae and
femora black; fore tibia mainly yellow, black dorsally, mid tibia yellow, hind tibia
mainly black, yellow at middle dorsally; fore tarsomere 1 inflated apically. Fore and
mid coxae with black bristles, mid coxa apically with a bunch of black bristles, hind
coxa with one black outer bristle. CuAx ratio 0.5. Surstylus short and thick, nearly
square, with one apical protuberance. Cercus bifoliate, outer lobe and inner lobe striplike, inner lobe 1/4 as long as outer lobe, apically with strong bristles.
Description. Male (Fig. 1). Body length 4.8 mm. Wing length 4.2 mm.
Head metallic green with pale gray pruinescence. Frons with white pruinescence.
Face black with pale pruinescence, not as wide as first flagellomere (length). All postocular bristles black. Two oc, two vt, two pvt. Antenna (Fig. 4) black; first flagellomere
elongated, about 2.2 times longer than wide, apically sharp; arista black, apical position, basal segment 0.1 times as long as apical segment. Proboscis black with black
hairs, palpus black with black apical bristle and hairs.
Thorax metallic green with pale gray pruinescence. Mesonotum without dark spot.
Hairs and bristles on thorax black. Five strong dc, four irregular pairs of acr, two strong
npl, one strong sa, two strong pa; scutellum with two pairs of sc, medial pair pubescent, lateral pair strong.
Legs black, all coxae and femora black; fore tibia mainly yellow, black dorsally,
mid tibia yellow, hind tibia mainly black,yellow dorsally at middle; fore tarsomere 1
inflated apically, fore and mid tarsi black from tip of tarsomere 2 onwards, hind tarsus
entirely black. Hairs and bristles on legs black. Fore and mid coxae with bristles, mid
coxa apically with a bunch of bristles, hind coxa with one outer bristle. All femora with
ventral bristles, mid and hind femora each with one preapical bristle. Fore tibia with
five ad, six pd, and four apical bristles, av absent,; mid tibia with two ad, five pd, three
av, and four apical bristles; hind tibia with three ad, five pd, three av, and three apical
bristles. Relative lengths of tibia and 5 tarsomeres of fore leg 2.5 : 1.2 : 0.7 : 0.4 : 0.3
: 0.4; mid leg 3.2 : 1.7 : 0.8 : 0.6 : 0.5 : 0.4; hind leg 4.3 : 1.3 : 1.2 : 0.8 : 0.5 : 0.4.
Wing hyaline, veins black; M bent medially, M and R4+5 parallel apically; CuAx ratio
0.5. Squama yellow with yellow hairs. Halter yellow.
Abdomen entirely metallic green with pale gray pruinescence. Hairs and bristles
on abdomen black. Male genitalia (Fig. 5): epandrium black, nearly as long as wide.
Surstylus black, short and thick, nearly square, with one apical protuberance. Cercus
yellow, bifoliate, outer lobe and inner lobe strip-like, inner lobe 1/4 as long as outer
lobe, both lobes with short bristles.
Female. Unknown.
Types. Holotype male, CHINA, Qinghai, Gangchaxian, Shaliuhe, 3,200 m; collected by sweep net in grassland, 2015.VIII.06, leg. Liang Wang. Paratypes: one male,
same data as holotype.
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Figures 1–3. Habitus, lateral view. 1 Rhaphium gangchanum sp. n. male 2 Rhaphium tianshuiense sp. n.,
male 3 Rhaphium shaliuhense sp. n., male. Scale bars: 1 mm.

Distribution. Palaearctic: China (Qinghai).
Remarks. The new species is somewhat similar to R. heilongjiangense Wang, Yang
& Masunaga, 2005, but the two species can be separated by several features. In R.
gangchanum, all postocular bristles are black, the thorax has five dc, and the mid femur
is black (Fig. 1), the cercus is bifoliate (Fig. 5). In R. heilongjiangense, the middle and
lower postocular bristles are yellow, the thorax has eight dc, the mid femur is yellow,
the cercus is not bifoliate (Yang et al. 2011: 1255, fig. 804).
Etymology. The specific name refers to the type locality, Gangcha.
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Rhaphium shaliuhense sp. n.
http://zoobank.org/623CD00A-D4C1-44E2-9C60-A21AF345A650
Figures 3, 6, 7
Diagnosis. First flagellomere much elongated, about 7.0 times longer than wide; arista
basal segment 0.5 times as long as apical segment. All coxae black, all femora mainly
black except hind femur yellow ventrally at base. Fore and mid coxae with yellow bristles, mid coxa apically with a bunch of yellow bristles, hind coxa with one yellow outer
bristle. CuAx ratio 0.4. Surstylus finger-like, curved apically and rounded, without
distinct bristle. Cercus bifoliate, outer lobe strip-like; inner lobe thick, strip-like, apically with three long and strong bristles.
Description. Male (Fig. 3). Body length 2.5 mm. Wing length 2.7 mm.
Head metallic green with pale gray pruinescence. Frons with white pruinescence. Face
black with pale pruinescence, not as wide as first flagellomere (length). Upper postocular
bristles black, middle and lower postocular bristles yellow. Two oc, two vt, two pvt. Antenna (Fig. 6) black; first flagellomere elongated, about 7.0 times longer than wide, apically sharp; arista black, apical position, basal segment 0.5 times as long as apical segment.
Proboscis brown with yellow hairs. Palpus brown with black apical bristle and hairs.
Thorax metallic green with pale gray pruinescence. Mesonotum without dark spot.
Hairs and bristles on thorax black. Five strong dc, four irregular pairs of acr, two strong
npl, one strong sa, two strong pa; scutellum with two pairs of sc, medial pair pubescent, lateral pair strong.
Legs black; all coxae black, all femora mainly black except hind femur yellow ventrally at base. Hairs and bristles on legs black. Fore and mid coxa with yellow bristles,
mid coxa apically with a bunch of yellow bristles, hind coxa with one yellow outer
bristle. Mid and hind femora each with one preapical bristle. Fore tibia with one ad,
one pd, one av, and two apical bristles; mid tibia with two ad, two pd, one av, and
three apical bristles; hind tibia with three ad, four pd, two av, and four apical bristles.
Relative lengths of tibia and 5 tarsomeres of fore leg 2.7 : 1.4 : 0.6 : 0.5 : 0.3 : 0.4; mid
leg 4.0 : 2.1 : 1.0 : 0.5 : 0.4 : 0.5; hind leg 5.0 : 1.5 : 1.3 : 1.0 : 0.6 : 0.5. Wing hyaline,
veins black; M bent medially, M and R4+5 parallel apically; CuAx ratio 0.4. Squama
yellow with yellow hairs. Halter yellow.
Abdomen entirely metallic green with pale gray pruinescence. Hairs and bristles on
abdomen black. Male genitalia (Fig. 7): epandrium black, nearly as long as wide. Surstylus finger-like, curved apically and rounded, without distinct bristle. Cercus bifoliate, outer lobe strip-like, apically with long strong bristles; inner lobe thick, strip-like,
apically with three long strong bristles.
Female. Unknown.
Types. Holotype male, CHINA, Qinghai, Gangchaxian, Shaliuhe, 3,200 m, collected by sweep net in grassland, 2015.VIII.06, leg. Liang Wang.
Distribution. Palaearctic: China (Qinghai).
Remarks. The new species is somewhat similar to R. daqinggouense Tang, Wang &
Yang, 2016, but the two species can be separated by several features. In R. shaliuhense,
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Figures 4–7. Rhaphium gangchanum sp. n., male 4 antenna, lateral view 5 genitalia, lateral view. Rhaphium shaliuhense sp. n., male 6 antenna, lateral view 7 genitalia, lateral view. Abbreviations: sur = surstylus,
cer (o) = outer lobe of cercus, cer (i) = inner lobe of cercus. Scale bars: 0.2 mm.

there are four pairs of acr, all coxae are black, and the surstylus is finger-like, curved
apically (Fig. 7). In R. daqinggouense, there are eight pairs of acr, the all coxae are yellow, except mid coxa is black at basal half, the surstylus is oblanceolate, not curved
apically (Tang et al. 2016: 587, fig. 14).
Etymology. The specific name refers to the type locality, Shaliuhe.
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Rhaphium tianshuiense sp. n.
http://zoobank.org/3F1A436B-AF12-49BA-A19A-7F1A163E7584
Figures 2, 8, 9
Diagnosis. First flagellomere about 1.8 times longer than wide; arista with basal segment 0.1 times as long as apical segment. Legs mainly yellow; fore coxa mainly yellow,
black basally, mid and hind coxae mainly black, yellow apically; fore femur black dorsally, hind femur black apically; hind tarsus entirely black. Fore coxa with two black
bristles, mid coxa with one black bristle at apical half, apically with a bunch of black
bristles, hind coxa with one black outer bristle. CuAx ratio 0.52. Surstylus basally thick,
apically sharp, with one protuberance. Cercus bifoliate, outer lobe long strip-like, apical curlily with one long strong bristle; inner lobe short, 1/4 as long as outer lobe.
Description. Male (Fig. 2). Body length 3.8–4.0 mm. Wing length 3.1–3.3 mm.
Head metallic green with pale gray pruinescence. Frons with white pruinescence.
Face dark metallic green with silvery white pruinescence, not as wide as first flagellomere (length). Upper postocular bristles black, middle and lower postocular bristles
yellow. Two oc, two vt, two pvt. Antenna (Fig. 8) black; first flagellomere elongated,
about 1.8 times longer than wide, apically sharp; arista black, apical position, basal
segment 0.1 times as long as apical segment. Proboscis black with black hairs, palpus
black with black apical bristle and hairs.
Thorax metallic green with pale gray pruinescence. Mesonotum without dark spot.
Hairs and bristles on thorax black. Five strong dc, four irregular pairs of acr, two strong
npl, one strong sa, two strong pa; scutellum with two pairs of sc, medial pair pubescent, lateral pair strong.
Legs mainly yellow; fore coxa mainly yellow, black basally, mid and hind coxae
mainly black, yellow apically; fore femur black dorsally, hind femur black apically; fore
tarsus black from tip of tarsomere 2 onwards, mid tarsus from tip of tarsomere 3 onward black, hind tarsus entirely black. Hairs and bristles on legs black. Fore coxa with
two bristles, mid coxa with one black bristle at apical half, apically with a bunch of
black bristles, hind coxa with one black outer bristle. Mid and hind femora each with
one black preapical bristle. Fore tibia with two ad, three pd, and two apical bristles, av
absent,; mid tibia with three ad, four pd, one av, and three apical bristles; hind tibia
with two ad, three pd, and three apical bristles, av absent. Relative lengths of tibia and
5 tarsomeres of fore leg 2.2 : 1.3 : 1.2 : 0.5 : 0.5 : 0.3; mid leg 3.2 : 1.7 : 1.0 : 0.7 :
0.5 : 0.3; hind leg 4.2 : 1.2 : 1.3 : 1.0 : 0.7 : 0.4. Wing hyaline, veins black; M bent
medially, M and R4+5 parallel apically; CuAx ratio 0.52. Squama yellow with black
hairs. Halter yellow.
Abdomen entirely metallic green with pale gray pruinescence. Hairs and bristles
on abdomen black. Male genitalia (Fig. 9): epandrium black, nearly as long as wide.
Surstylus yellow, basally thick, apically sharp, with one protuberance, without distinct
bristles. Cercus bifoliate, outer lobe long strip-like, curled apically with one long strong
bristle; inner lobe short, 1/4 as long as outer lobe, apically sharp with strong bristles.
Female. Unknown.
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Figures 8, 9. Rhaphium tianshuiense sp. n., male 8 antenna, lateral view 9 Genitalia, lateral view. Abbreviations: sur = surstylus, cer (o) = outer lobe of cercus, cer (i) = inner lobe of cercus. Scale bars: 0.2 mm.

Types. Holotype male, CHINA, Gansu, Tianshui, Maiji Mountain, 1,396 m, collected by sweep net in grassland, 2012.VII.16, leg. Zehui Kang. Paratypes: two males,
same data as holotype; four males, Beijing, Miyunxian, Caojialucun, 561 m, collected
by sweep net in grassland, 2013.V.23, leg. Xunkun Li.
Distribution. Palaearctic: China (Gansu, Beijing).
Remarks. The new species is similar to R. mediocre (Becker, 1922), but the two
species can be separated by several features. In R. tianshuiense, the squama with black
hairs, the surstylus is basally thick, apically sharp, has one protuberance and the cercus
is bifoliate (Fig. 9). In R. mediocre, the squama with yellow hairs, the surstylus is short
and thick, the cercus is not bifoliate (Yang et al. 2011: 1258, fig. 806).
Etymology. The specific name refers to the type locality, Tianshui.

Discussion
Rhaphium is quite a large genus in Dolichopodidae. Negrobov (1986) proposed a key to
Palaearctic and Nearctic species of the R. nasutum group. Grichanov (2004) and Naglis
(2009) mentioned the R. albifrons group. Negrobov and Grichanov (2010) published on
the R. crassipes group. Naglis and Grootaert (2011) published the R. srilankensis group.
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Figure 10. Distribution map with records of all Rhaphium species of China (except R. dilatatum Wiedemann, 1830 because its distribution is uncertain).

Negrobov et al. (2011) proposed the R. tridactylum group. Negrobov et al. (2013) described the R. ensicorne group. Tang et al. (2016) mentioned the R. bilobum group and
R. flavilabre group. In having the frons usually with white grey pruinosity, the hind coxa
with a strong yellow outer bristle, the fore coxa without a comb of strong bristles, and the
cercus usually bifoliated, R. shaliuhense sp. n. is included the R. albifrons group. The other
two new species described in this paper do not match the diagnosis of any known group.
As mentioned, there are 16 species previously recorded from Palaearctic China, and
the three new species are all distributed in Palaearctic China. Rhaphium gangchanum
sp. n. and R. shaliuhense sp. n. are collected from Qinghai province, and R. tianshuiense
sp. n. is recorded from Gansu Province and Beijing City. Rhaphium can be considered a
widespread genus in China (Fig. 10). However, Xinjiang, Xizang, and Inner Mongolia
have few species, which might be because of the relatively dry climates of these three
provinces. Inadequate collection might be another reason.
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Abstract
An annotated list of 71 species of the genus Scrobipalpa in China is given. Nine species of the genus Scrobipalpa Janse, 1951 are described as new: S. triangulella sp. n. (Gansu, Ningxia, Shaanxi), S. punctulata
sp. n. (Henan, Shanxi), S. septentrionalis sp. n. (Heilongjiang, Ningxia), S. zhongweina sp. n. (Ningxia), S.
tripunctella sp. n. (Hebei, Ningxia, Shanxi), S. ningxica sp. n. (Ningxia), S. psammophila sp. n. (Ningxia),
S. zhengi sp. n. (Inner Mongolia, Ningxia), and S. liui sp. n. (Shanxi). Scrobipalpa gorodkovi Bidzilya,
2012 is synonymised with S. subnitens Povolný, 1967. The female of S. flavinerva Bidzilya & Li, 2010 is
described for the first time. Two new combinations are proposed: Scrobipalpa perfecta (Povolný, 1996),
comb. n., Scrobipalpa suaveolens (Povolný, 1996), comb. n. Twelve species of Scrobipalpa are recorded
from China for the first time. Scrobipalpa cryptica Povolný, 1996, S. proclivella (Fuchs, 1886) and S. smithi
Povolný & Bradley, 1964 are removed from the list of Scrobipalpa of China due to misidentification.
Keywords
Gnorimoschemini, new combination, new synonymy, Palaearctic Region, taxonomy
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Introduction
The genus Scrobipalpa Janse, 1951 is considered as the genus with most species in the tribe
Gnorimoschemini, and one of the most diverse genera in the family Gelechiidae. Approximately 250 species are known in the Palaearctic Region (Povolný 2002; Bidzilya and Li
2010), 104 of which are found in Europe (Huemer and Karsholt 2010). Ten species, including four introduced from Europe, have been recorded from North America (Lee et al.
2009). The status of of ten Nearctic species remains unclear, some of these are still undescribed, others show close affinity to the Palaearctic species and need further study (Nazari
and Landry 2012). More than 30 species are known in the Afrotropical Region (Bidzilya,
unpublished), five species in Australia (Povolný 1977), and two in the Oriental Region.
The larvae of most species feed on Asteraceae and Amaranthaceae (Povolný 1990).
The latter is a dominant plant family for Scrobipalpa species in the deserts of Uzbekistan and probably in other arid areas of the Palaearctic Region (Falkovitsh and Bidzilya
2006). Some species are known as pests on Solanaceae (Povolný 1991).
This is a further contribution towards the inventory of the Gnorimoschemini of
China. The genera Ephysteris Meyrick, 1908, Kiwaia Philpott, 1930, Gnorimoschema
Busck, 1900 and a part of Scrobipalpa Janse, 1951 were reviewed in previous papers
(Li and Bidzilya 2008; Bidzilya and Li 2010, 2016; Li and Bidzilya 2017). Since the
first list of the Chinese Scrobipalpa-species has been published (Bidzilya and Li 2010),
the Insect Collection of Nankai University was supplemented with additional material
from various provinces of China. As a result of study of this material, 22 species are
added to the Chinese fauna, nine of them are described as new. The unknown female
of S. flavinerva is described here.
The current list of Chinese Scrobipalpa comprises 71 species. Approximately ten other species are represented by single or worn specimens and remain under further study.

Material and methods
The present study is based on material deposited in the Insect Collection, College of
Life Sciences, Nankai University (NKU), Tianjin, China.
Adults were examined with an Olympus SZX16 stereo microscope. Male and female
genitalia were prepared using the unrolling technique as described by Pitkin (1986) and
Huemer (1988) or follow the methods introduced by Li (2002). Images of adults and
genitalia were taken with a Leica M205A stereo microscope and Leica DM750 microscope, coupled with the Leica Application Suite 4.2 software, respectively.
Biological data were mainly extracted from bibliographic sources. The distribution
of species was established primarily from the material examined and supplemented by
data in the literature. The “Material” is arranged in geographical order from northwest
to southeast and countries referred to by their current names. The type material of the
new described taxa is deposited in NKU. The descriptive terminology of the genitalia
structures generally follows Huemer and Karsholt (2010).
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Results
Descriptions of species
Scrobipalpa triangulella sp. n.
http://zoobank.org/336EEE75-7B31-4788-BFF6-9A8DD32225A1
Figs 1, 15, 25
Type material. CHINA: Holotype ♀, Botanical Garden, Mt. Liupan, Ningxia Hui Autonomous Region, 1900 m, 30.vi.2007, coll. Xinpu Wang (gen. slide no. L14034) (NKU).
Paratypes: 2 ♂, 1 ♀, same data as for holotype (gen. slide nos. L07026♂, L14009♀); 1
♀, Mt. Liupan, Ningxia, 1700 m, 1.vii.2008, coll. Shulian Hao and Zhiwei Zhang; 1
♀, Mt. Liupan, Ningxia, 2050 m, 7.vii.2008, coll. Shulian Hao and Zhiwei Zhang;
2 ♂, Mt. Xinglong, Yuzhong County, Gansu Province, 2120, 2130 m, 2, 30.vii.1993,
coll. Houhun Li (gen. slide nos. L14031, L13041); 1 ♀, Huoditang, Ningshan County,
Shaanxi Province, 1620 m, 4.vii.1990, coll. Jinfu Li (gen. slide no. L06062).
Diagnosis. The new species is well defined externally by the presence of a distinct
black triangular subcostal spot. S. caryocoloides Povolný, 1977 has a more uniform brown
forewing, a smaller and less distinct triangular costal spot and brown rather than light grey
ground colour of the forewing. The male genitalia resemble those of S. peteri Bidzilya,
2009, but the uncus is broader, the valva is longer and the sacculus is shorter and narrower. The female genitalia resemble those of S. lutea Povolný, 1977, S. pseudolutea Piskunov,
1990 and S. candicans (Povolný, 1996) (see Povolný 2002, Pl. 76, figs 799, 800, 803),
but can be recognized by the presence of teeth on the basal plate of the signum.
Description. Adult (Fig. 1). Wingspan 12.0–14.0 mm. Head, thorax and tegulae
light grey to black, frons nearly white, labial palpus up-curved, covered with white
tipped black scales, segment 2 with brush of modified scales underside, inner and upper surface white, segment 3 ca. 1.5 times narrower and slightly shorter than segment
2, acute, antennal scape almost black, other antennal segments black with white basal
belts; forewing light grey, black narrow oblique fascia form base to middle width,
second black fascia from 1/3 of costal margin to 2/3 width, black triangular spot at
1/2–3/4 length of costal margin and to half width, apex mottled with black, black spot
in fold, paired black point in cell, subapical facia light grey, cilia grey, black-tipped;
hindwing grey.
Male genitalia (Fig. 15). Uncus twice as long as broad, rounded posteriorly; gnathos short, weakly curved; tegumen broad, anteromedial emargination deep, broadly
rounded; valva narrow, of equal width, weakly curved, pointed apically, extending to
the top of uncus; sacculus ca. 1/5 length of valva and slightly narrower than valva at
base, with pointed inwardly curved tip, fused with vincular processes in all length
except for distal 1/4–1/5, gap to vincular process small; vincular process broader and
as long as sacculus, apex rounded with outwardly curved tip; posterior margin of vinculum with deep v-shaped medial emargination; saccus broad at base, then parallelsided, apex knob-shaped, extending far beyond top of pedunculus; phallus of moderate
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Figures 1–8. Adults of Scrobipalpa species. 1 S. triangulella sp. n., HT, female (gen. slide no. L14034)
2 S. punctulata sp. n., HT, male (gen. slide no. L13030) 3 S. punctulata sp. n., PT, male 4 S. septentrionalis
sp. n., HT, male (gen. slide no. L07058) 5 S. septentrionalis sp. n., PT, female (gen. slide no. L07030)
6 S. zhongweina sp. n., PT, female (gen. slide no. 46/14, O Bidzilya) 7 S. tripunctella sp. n., PT, male (gen.
slide no. LLJ15208) 8 S. tripunctella sp. n., PT, female (gen. slide no. L13061).

width, straight, apical arm narrow, sinuous, caecum weakly inflated, slightly shorter
than half length of phallus.
Variation. Uncus and saccus vary in width.
Female genitalia (Fig. 25). Papilla analis sub-ovate, sparsely covered with hairs; apophyses posteriores five times longer than segment VIII; sternite VIII weakly sclerotized,
subgenital plates 1/3 width of segment VIII, parallel-sided, with a few folds along medial
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margin; ventromedial depression smooth, subrectangular posteriorly, trapezoid anteriorly, divided by triangular anteromedial emargination into paired lobes that extending
slightly beyond anterior margin of sternite VIII; apophyses anteriores longer than segment VIII, straight; ductus bursae broad, of moderate width, colliculum narrow, ringshaped; corpus bursae elongated, subovate, slightly shorter than ductus bursae; base of
signum large with one big and a few very small teeth, distal hook narrow, weakly curved.
Distribution. China (Gansu, Ningxia, Shaanxi).
Biology. Host plant unknown. Adults were collected from late June to late July at
altitudes from 1600 to 2200 m.
Etymology. The species is named after the characteristic triangular costal spot on
the forewing.
Remarks. This species was erroneously associated with the female of S. caryocoloides (Bidzilya and Li 2010: 12, fig. 31). We found two females from the same locality
that match well externally with the male (gen. slide L07026) figured in above cited
paper and differ from the female of S. caryocoloides (see Povolný 2002: pl. 76, fig. 798;
Park and Ponomarenko 2006: fig. 46; Bidzilya and Li 2010: 21, fig. 50). Therefore,
neither male nor female in the present series are conspecific with S. caryocoloides and
actually represent both sexes of a new species that is described here.
Scrobipalpa punctulata sp. n.
http://zoobank.org/A25FA39C-58E9-47E4-9384-11EC2ABA770B
Figs 2, 3, 16, 17
Type material. CHINA: Holotype ♂, Mt. Luya, Ningwu County, Shanxi Province,
1450 m, 24.vii.2011, coll. Shulian and Jiayu Liu (gen. slide no. L13030) (NKU). Paratypes: 6 ♂, 1 ♀ (abdomen missing), same data as for holotype, 19, 20, 24.vii.2011
(gen. slide no. 71/14, O Bidzilya); 1 ♂, Baotainman, Neixiang County, Henan Province, 1200 m, 23.v.2006, coll. Xu Zhang and Jinmei Lv (gen. slide no. L06110).
Diagnosis. Scrobipalpa punctulata sp. n. externally does not show any diagnostic
characters to separate it from congeneric species. The male genitalia are close to those
of S. triangulella sp. n., S. reiprichi Povolný, 1984 and S. corleyi Huemer & Karsholt,
2010, but the vincular process is narrower, the gap to the sacculus is larger, the valva
is shorter and the saccus is narrower; S. reiprichi has the uncus narrower, the sacculus
and saccus broader; S. corleyi differs in a broader uncus and broader vincular process.
Description. Adult (Figs 2, 3) Wingspan 12.0–15.0 mm. Head, thorax and tegulae grey, frons light grey, labial palpus grey mottled with black, inner surface of segment
2 off-white, scape grey, other antennal segments grey with narrow light grey basal rings;
forewing plain greyish-brown, basal half of subcostal vein and fold yellowish-white,
black spots in cell indistinct, cilia grey black tipped; hindwing and cilia grey.
Male genitalia (Figs 16, 17) Uncus elongated, posterior margin weakly emarginated; gnathos short, slender, weakly curved; tegumen broad, anteromedial emargination
deep, broadly rounded; valva moderately narrow, nearly straight, weakly constricted in
middle, apex rounded, extending to the top of uncus or slightly shorter; sacculus ca.
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Figures 9–14. Adults of Scrobipalpa species. 9 S. tripunctella sp. n., PT, female (gen. slide no. L14056)
10 S. ningxica sp. n., PT, female (gen. slide no. L13092) 11 S. ningxica sp. n., Paratype, female 12 S. psammophila sp. n., HT, male (gen. slide no. L07045) 13 S. zhengi sp. n., HT, male (gen. slide no. 125/08.
O Bidzilya) 14 S. liui sp. n., HT, male (L14058).

1/4 length of valva, outer margin rounded with pointed inwardly curved tip, gap to
vincular process narrow; vincular processes slightly shorter than sacculus, distal portion narrow, apex with outwardly curved tip; posterior margin of vinculum with deep
v-shaped medial emargination; saccus narrow, tapered, slightly extending beyond top
of pedunculus; phallus of moderate width, straight, apical arm narrow, sinuous, caecum weakly inflated, 1/3 length of phallus.
Variation. Sacculus and vincular process vary slightly in width.
Female. Unknown.
Distribution. China (Henan, Shanxi).
Biology. Host plant unknown. Adults were collected in late May and July at altitudes of 1200–1450 m.
Etymology. The species name is derived from the Latin adjective punctulatus (having small spots), referring to the spots on the forewing.
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Scrobipalpa septentrionalis sp. n.
http://zoobank.org/F928984C-AE2E-4B61-B08C-504FEFFBA92D
Figs 4, 5, 18, 26
Type material. CHINA: Holotype ♂, Yuanyichang, Zhongning County, Ningxia Hui
Autonomous Region, 17.vii.1993, 1170 m, coll. Houhun Li (gen. slide no. L07058)
(NKU). Paratypes: 3 ♀, same data as for holotype (gen. slide nos. L07030, L13055,
SYW05246); 2 ♀, Xinpu, Zhongning County, Ningxia, 26.vii.1993, 1170 m, coll.
Houhun Li (gen. slide no. L93083); 3 ♀, Harbin, Heilongjiang, 150 m, 23.vii.1997,
coll. Houhun Li (gen. slide nos. L14054, LLJ15219, 115/15, O Bidzilya).
Diagnosis. This new species resembles S. ningxica sp. n. externally, but is larger,
paler and with less well expressed dark irroration. The male genitalia resemble those of
S. alterna Falkovitsh & Bidzilya, 2006 and S. lutea (see Huemer and Karsholt 2010,
figs 65, 66), but the uncus is shorter, the valva is longer, the vincular process is strongly
curved and the saccus is narrower. The female genitalia are similar to those of S. pauperella (Heinemann, 1870), S. spumata (Povolný, 2001) and S. pseudolutea, but differ in
the absence of the foamy sculpture at base of the apophyses anteriores and the longer,
weakly curved distal hook of the signum.
Description. Adult (Figs 4, 5). Wingspan 11.0–13.5 mm. Head, thorax and tegulae covered with light grey brown tipped scales, frons white, labial palpus grey, segment
2 mottled with brown on outer surface and on underside, upperside white, segment 3
with light brown basal and medial belts, scape light brown, other antennal segments
brown with whitish basal rings; forewing creamy grey, mixed with light brown particularly near apex, subcostal vein and fold mottled with yellow, three indistinct brown dots
in fold, black spots in cell indistinct, cilia grey brown tipped; hindwing and cilia grey.
Variation. The ground colour of forewing varies from cream to light brown.
Male genitalia (Fig. 18). Uncus twice as long as broad, rounded in apical 1/3;
gnathos short, weakly curved; tegumen prolonged with deep and broad anteromedial
emargination; valva narrow, of equal width, weakly curved, apex rounded, extending
over the top of uncus; sacculus 1.5 times broader and ca. 4 times shorter than valva,
inner margin straight, outer margin weakly curved, apex rounded, tip pointed, curved
inwards, gap to the vincular process moderately large; vincular process large, slightly
broader and as long as sacculus, inner margin strongly curved, apex rounded with
pointed tip; posterior margin of vinculum with deep and broad v-shaped medial emargination; saccus narrow, tapered towards rounded apex, extending far beyond apex of
pedunculus; phallus straight, apical arm narrow, caecum strongly inflated, 1/3 length
of phallus.
Female genitalia (Fig. 26). Papilla analis subtriangular, sparsely covered with short
hairs; apophyses posteriores ca. 4.5 times longer than segment VIII; sternite VIII longer than broad, subtrapezoidal, subgenital plates 1/3 width of sternite VIII, smooth,
broadened anteriorly, inner margin with distinct fold; ventromedial depression subrectangular, divided by short triangular anteromedial incision into broad lobes, which
extends beyond anterior margin of sternite VIII; apophyses anteriores shorter or as
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Figures 15–18. Male genitalia of Scrobipalpa species. 15 S. triangulella sp. n., PT (gen. slide no. L13041)
16 S. punctulata sp. n., HT (gen. slide no. L13030) 17 S. punctulata sp. n., PT (gen. slide no. 71/14,
O Bidzilya) 18 S. septentrionalis sp. n., HT (gen. slide no. L07058). Scale bars: 0.5 mm (15, 16, 18);
0.2 mm (17).
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long as segment VIII; ductus bursae narrow in posterior portion, then evenly broadened towards pyriform corpus bursae, colliculum narrow, belt-shaped; signum situated
in middle of corpus bursae, basal plate small, distal hook long and narrow, curved in
distal one third, with a few teeth near the base.
Variation. Number of teeth at base of the signum varies from 3 to 5, and the apophyses anteriores vary in length.
Distribution. China (Heilongjiang, Ningxia).
Biology. Host plant unknown. Adults were collected in July at an altitude of
1100–1200 m.
Etymology. The species name is the Latin adjective septentrionalis (northern), referring to the distribution of the species in the northern part of China.
Scrobipalpa zhongweina sp. n.
http://zoobank.org/FD6B2080-367B-49DA-8019-1D7AECEA0773
Figs 6, 19, 27
Type material. CHINA: Holotype ♂, Shapotou, Zhongwei County, Ningxia Hui
Autonomous Region, 1200 m, 10.viii.2000, coll. Houhun Li and Shuxia Wang (gen.
slide no. L06088) (NKU). Paratype: 1 ♀, same data as holotype (gen. slide no. 46/14,
O Bidzilya).
Diagnosis. The new species resembles externally the light-brown specimens of the
rather variable S. salinella (Zeller, 1847) (see Huemer and Karsholt 2010, fig. 107),
but the black irroration under the costal margin and near the apex is less distinct and
the reddish spots are smaller. The male genitalia look similar to those of S. grisea Povolný, 1969 (see Huemer and Karsholt 2010, fig. 34), but the saccus and the vincular
processes are narrower whereas the sacculus is broader in S. grisea. The female genitalia
are similar to those of S. thymelaeae (Amsel, 1939) (see Huemer and Karsholt 2010,
fig. 111), but the outer margin of the ventromedial depression is weakly edged, the apophyses anteriores are thinner and the ductus bursae is narrower in the distal portion.
Description. Adult (Fig. 6). Wingspan 11.0 mm. Head, thorax and tegulae light
brown, frons nearly white, labial palpus light brown with diffuse inner and subapical
white belts, inner and upper surface whitish, underside of segment 2 with brush of
modified scales, segment 3 nearly as long as segment 2, two times narrower, pointed; antennae brown ringed with grey; forewing covered with light grey brown-tipped
scales and densely irrorate with reddish along dorsum, on basal half of subcostal vein
and in subapical 1/4, costal margin and termen mottled with black, reddish streak and
prolonged reddish spot in fold, three reddish-brown spots in cell, white subapical fascia
at 3/4, cilia grey brown-tipped, hindwing grey.
Male genitalia (Fig. 19). Uncus twice as long as broad, rounded in apical 1/3;
gnathos short, weakly curved; tegumen prolonged with deep and broad anteromedial emargination; valva curved in middle, apex rounded, extending to the top
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of uncus; sacculus weakly curved inwards, ca. 5 times shorter than valva, broad at
base, then narrowing, tip curved inwards, gap to the vincular process rounded; vincular process short, beak-shaped; posterior margin of vinculum with deep v-shaped
medial emargination; saccus narrow, pointed, extending far beyond the apex of
pedunculus; phallus straight, apical arm narrow, caecum strongly inflated, approx.
as long as phallus.
Female genitalia (Fig. 27). Papilla analis subovate, sparsely covered with short
hairs; apophyses posteriores ca. 4.5 times longer than segment VIII; sternite VIII approx. as broad as long, weakly narrowing apically, anterior margin straight, subgenital
plates 1/3 width of sternite VIII, parallel-sided with foamy sculpture along medial
margin from half-length to the base of apophyses anteriores; ventromedial depression
trapezoidal, divided by anteromedial triangular incision to 3/4 length into densely
covered with microtrichia subovate lobes, which extending to the anterior margin of
sternite VIII; apophyses anteriores longer than segment VIII; ductus bursae narrow in
posterior portion, then evenly broadened towards globular corpus bursae, colliculum
narrow, ring-shaped; signum situated near the entrance of corpus bursae, stout, basal
plate small, distal hook weakly curved.
Distribution. China (Ningxia).
Biology. Host plant unknown. Adults fly in July at an altitude of 1200 m.
Etymology. The species name, a noun in apposition, is derived from the type locality: Zhongwei County, Ningxia Hui Autonomous Region.
Scrobipalpa tripunctella sp. n.
http://zoobank.org/61285548-7CC4-4576-BEAD-F87955F618D3
Figs 7–9, 20, 28
Type material. CHINA: Holotype ♂, Huangjijuan, Yanchi County, Ningxia Hui
Autonomous Region, 17.vi.2014, coll. Houhun Li, Wei Guan and Meiqing Yang
(gen. slide no. L13074) (NKU). Paratypes: 1 ♂, same data as holotype (gen. slide
no. L13079); 4 ♀, Qiuqianjia, Mt. Liupan, Ningxia, 1700 m, 2.vii.2008, coll.
Shulian Hao and Zhiwei Zhang (gen. slide nos. 96/15, O Bidzilya; LLJ15213;
LLJ15223); 1 ♀, Guamagou Forest Farm, Mt. Liupan, Ningxia, 29.vi.2008, 2100
m, coll. Shulian Hao and Zhiwei Zhang (gen. slide no. L13061); 1 ♂, Guanliju, Mt.
Liupan, Ningxia, 1700 m, 20.vi.2008, coll. Shulian Hao and Zhiwei Zhang (gen.
slide no. LLJ15208); 1 ♀, Fengtai Forest Farm, Mt. Liupan, Ningxia, 12.vii.2008,
2330 m, coll. Shulian Hao and Zhiwei Zhang (gen. slide no. 122/13, O Bidzilya);
1 ♀, Qipanshan, Weichang County, Hebei Province, 17.vii.2001, coll. Yanli Du
and Shulian Hao (gen. slide no. SYW05256); 2 ♀, Xizhashui, Linchuan County,
Jincheng, Shanxi Province, 13.vii.2010, 900 m, coll. Haiyan Bai and Linlin Yang
(gen. slide no. L14056).
Diagnosis. The new species resembles externally S. ningxica sp. n., but it is darker and has no white subapical fascia. The male genitalia are close to those of S. heimi
Huemer & Karsholt, 2010, but the sacculus is longer, the vincular process is weakly
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Figures 19–24. Male genitalia of Scrobipalpa species. 19 S. zhongweina sp. n., HT (gen. slide no.
L06088) 20 S. tripunctella sp. n., PT (gen. slide no. LLJ15208) 21 S. ningxica sp. n., HT (gen. slide no.
L13097) 22 S. psammophila sp. n., HT (gen. slide no. L07045) 23 S. zhengi sp. n., HT (gen. slide no.
125/08. O Bidzilya) 24 S. liui sp. n., HT (L14058). Scale bars: 0.5 mm.
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curved and the sacculus is narrower. The female genitalia are most similar to those
of S. amseli Povolný, 1966, but segment VIII is longer, its anterior margin is straight
rather than emarginated, the lobes of the ventromedial depression are shorter and
the signum is larger.
Description. Adult (Figs 7–9). Wingspan 15.5–17.0 mm. Head, thorax and tegulae light brown, frons light grey, labial palpus light grey, outer surface mottled with
brown, underside of segment 2 with groove; scape brown, other antennal segments
brown, ringed with grey; forewing covered with light grey brown-tipped scales, distal
1/2–1/3 lighter, cream mixed with light brown, subcostal vein in basal 1/2 and fold
yellowish-brown, three black spots in cell: two in middle and another paired in the
corner, cilia grey black tipped, hindwing and cilia light grey.
Variation. The ground colour of forewing varies from light cream to light brown,
and the black marking is rather poorly expressed in some specimens.
Male genitalia (Fig. 20). Uncus broader than long, rounded in apical 1/3; gnathos short, weakly curved; tegumen moderately prolonged with deep and broad anteromedial emargination; valva approx. of equal width, evenly curved, apex inflated,
rounded, extending to the top of uncus; sacculus nearly twice as broad and 4–5 times
shorter than valva, subrectangular, outer margin with rounded apex, tip pointed, gap
to the vincular process large, rounded; vincular process shorter and narrower than sacculus, outwardly curved; posterior margin of vinculum with broad v-shaped medial
emargination; saccus broad, of even width, apex truncated, extending slightly beyond
the apex of pedunculus; phallus narrow, straight, apical arm narrow, strongly curved
distally, caecum strongly inflated, ca. 1/3 length of phallus.
Female genitalia (Fig. 28). Papilla analis subovate, sparsely covered with short
hairs; apophyses posteriores ca. 4.5 times longer than segment VIII; sternite VIII ca. as
broad as long, anteromedial edge concave, anterior margin straight, subgenital plates
broad in posterior half, strongly narrowing anteriolaterally with foamy sculpture along
medial margin from half-length to the base of apophyses anteriores; ventromedial depression trapezoid, densely covered with microtrichia, folded laterally, anterior margin
with triangular emargination, not extending to the anterior margin of sternite VIII;
apophyses anteriores as long as segment VIII; ductus bursae moderately broad, colliculum narrow, ring-shaped, corpus bursae long, pyriform; basal plate of signum broad,
rounded, distal hook broad at base, with three teeth, curved in middle, distal portion
narrow, straight, pointed.
Distribution. China (Hebei, Ningxia, Shanxi).
Biology. Host plant unknown. Adults were collected from late June to early July
at an altitude of 1700 m.
Etymology. The species name, an adjective, is derived from the Latin prefix tri- (three),
punctus (spot), and suffix -ellus referring to the forewing with three spots in the cell.
Remarks. The conspecificity of males and females is proven by study of the specimens of both sexes that externally match each other and were collected in close localities in Mt Liupan: 20.vi (male) and 2.vii.2008 (female). Scrobipalpa punctulata differs
in less distinct wing pattern and in the smaller size of adults.
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Figures 25–28. Female genitalia of Scrobipalpa species. 25 S. triangulella sp. n., HT (gen. slide no.
L14034) 26 S. septentrionalis sp. n., PT (gen. slide no. L17030) 27 S. zhongweina sp. n., PT (gen. slide
no. 46/14, O Bidzilya) 28 S. tripunctella sp. n., PT (gen. slide no. 96/15, O Bidzilya). Scale bars: 0.5 mm.
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Scrobipalpa ningxica sp. n.
http://zoobank.org/FDA43D78-A3A1-43F6-BD9B-7807FB3026BF
Figs 10, 11, 21, 29
Type material. CHINA: Holotype ♂, Erdaohu, Habahu, Yanchi County, Ningxia
Hui Autonomous Region, 20.vii.2013, 1397 m (gen. slide no. L13097) (NKU).
Paratypes: 10 ♂, 26 ♀, same data as holotype (gen. slide nos. L14042♂; L14008♀;
L14019♀; L13092♀); 1 ♀, Habahu, Yanchi County, Ningxia, 24.vii.2013, 1461 m
(gen. slide no. L14008).
Diagnosis. The new species is defined externally by its nearly plainly coloured
light grey to cream-coloured forewing densely mottled with black. The male genitalia
resemble those of S. indignella (Staudinger, 1879) (see Huemer and Karsholt 2010:
392, fig. 68), but differ in the longer and narrower valva, the broader, U-shaped rather
than V-shaped posteromedial emargination of the vinculum, the broader and apically
inflated saccus as well as the broader and shorter phallus with more broadened apex.
The female genitalia are most similar to those of S. chrysanthemella (O. Hofmann,
1867) (see Huemer and Karsholt 2010: 461, fig. 28), but differ in the presence of
foamy sculpture at base of the apophyses anteriores, the strongly sclerotized and broad
medially separated lobes of the ventromedial depression as well as more curved distal
hook of the signum.
Description. Adult (Figs 10, 11). Wingspan 11.0–12.5 mm. Head light brown to
yellow, neck occasionally mottled with brown, labial palpus grey mixed with brown, inner surface of segment 2 light, off-white, underside with row of modified brown-tipped
scales, segment 3 distinctly narrower and shorter than segment 2, acute, light grey, apex
mixed with brown mainly in distal half, scape greyish brown, other antennal segments
cream with brown rings; thorax and tegulae grey, brown tipped; forewing covered with
cream to light grey, black-tipped scales, costal margin and termen slightly darker, white
subapical fascia poorly expressed, fold yellowish with two black spots inside, three indistinct black dots in cell, diffuse black spot at base and on 1/4 of costal margin, dorsal
margin with a few black scales at base; cilia grey black tipped; hindwing grey.
Variation. Forewing vary from light grey to dark grey.
Male genitalia (Fig. 21). Uncus twice as long as broad, weakly narrowing apically,
posterior margin rounded; gnathos short, thin, weakly curved; basal half of tegumen
broad, triangular, distal half parallel-sided, weakly narrower than uncus, anteromedial
emargination deeply rounded; valva thin, of even width, evenly curved, apex inflated,
rounded, extending to the top of uncus; sacculus four times shorter and twice broader
than valva, inner margin straight with pointed tip curved inwards, outer margin slightly curved, apically rounded, gap to the vincular process moderately broad; vincular
processes twice narrower and slightly shorter than sacculus, with outwardly curved
and strongly pointed tip, medial emargination of posterior margin of vinculum deep,
broadly rounded; saccus stout, broad, parallel-sided except for basal 1/3, apex broadened, projecting far beyond apex of pedunculus; phallus straight, apical arm narrow,
caecum weakly inflated, ca. 1/3 length of phallus.
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Female genitalia (Fig. 29). Papilla analis elongated, covered with short hairs; apophyses posteriores ca. 4 times longer than apophyses anteriores; segment VIII as broader as long, weakly narrowing apically, anterior margin straight, strongly sclerotized,
subgenital plates posteriorly ca. half as broad as sternite VIII, strongly narrowing anteriorly, with foamed sculpture at base of apophyses anteriores, ventromedial depression
smooth, strongly edged anteriorly, separated by medial triangular emargination into
lobes reaching to the anterior margin of sternite VIII; apophyses anteriores straight,
ca. as long as sternite VIII; posterior part of ductus bursae narrow with broad strongly
laterally sclerotized colliculum, ductus bursae gradually widened towards pyriform corpus bursae; signum near entrance of corpus bursae, basal plate of signum large, distal
hook narrow, curved under the right angle in middle.
Distribution. China (Ningxia).
Biology. Host plant unknown. Adults were collected in the last third of July at an
altitude of 1400 m.
Etymology. The specific name, a noun in apposition, refers to the type locality of
the new species, Ningxia Hui Autonomous Region of China.
Scrobipalpa psammophila sp. n.
http://zoobank.org/678C542E-B41B-44F1-8C2B-60A2C98565ED
Figs 12, 22
Type material. CHINA: Holotype ♂, Botanical Garden, Mt. Liupan, Ningxia Hui
Autonomous Region, 1900 m, 30.vi.2007 (gen. slide no. L07045) (NKU). Paratype:
1 ♂, same data as holotype (gen. slide no. 88/14, O Bidzilya).
Diagnosis. The new species can hardly be recognized by external characters only.
It is similar to S. concerna Povolný, 1969, S. frugifera Povolný, 1969, S. tenebrata Povolný, 2001 and other greyish brown species with black markings. The male genitalia
are characterized by the deep and broad posteromedial emargination of the vinculum
in combination with the strongly curved vincular process. Scrobipalpa kaszabi Povolný,
1969 is somewhat similar in this respect (see Povolný 2002, Pl. 69, fig. 683), but its
vincular process is much broader.
Description. Adult (Fig. 12). Wingspan 12.0–12.2 mm. Head greyish-brown,
frons white, labial palpus grey mottled with brown, inner and upper surface of segment 2 white, underside with brush of modified scales, segment 3 slightly shorter
and ca. 1/2 as broad as segment 2, pointed, with indistinct whitish ring in middle,
apex with few white scales, scape brown mixed with grey, other antennal segments
brown, ringed with white at base; forewing, thorax and tegulae covered with grey
brown-tipped scales, a few black scales on base, black dot on 1/3 length of costa,
diffuse black spots in mid width and on dorsum near base, three black spots in cell,
subcostal vein and fold mottled with light brown scales, diffuse costal and tornal
white spots at 3/4, subapical 1/5 and termen mixed with white scales, cilia grey black
tipped, hindwing grey.

116

Houhun Li & Oleksiy Bidzilya / ZooKeys 840: 101–131 (2019)

Male genitalia (Fig. 22). Uncus clearly separated from tegumen, prolonged,
tapered apically, slightly constricted in middle, apex rounded; gnathos short, narrow, apex weakly curved, pointed; tegumen prolonged, anterior emargination deep,
rounded; valva slender, base and apex weakly dilated, reaching the top of uncus;
sacculus ca. 1/3 length of valva, nearly of even width, inner margin slightly concave before pointed and inwardly curved apex, gap to vincular process long and
narrow; vincular process as long and distinctly broader than sacculus, inner margin strongly curved, apex rounded with pointed tip; posterior margin of vinculum
with very deep and broad subovate medial emargination; saccus narrow, tapered
towards rounded apex, extending far beyond apex of pedunculus; phallus straight,
broad, apical arm sinuous, narrow, caecum strongly inflated, slightly shorter than
1/2 length of phallus.
Variation. The length of uncus and width of vincular process vary slightly.
Female. Unknown.
Distribution. China (Ningxia).
Biology. Host plant unknown. Adults were collected in late June at an altitude of
1900 m in arid and semi-arid desert environment.
Etymology. The species name, an adjective is derived from the Greek psammos,
meaning sand, and the Greek verb philein, to love, referring to the habitats of the species being restricted to desert sandy environment.
Scrobipalpa flavinerva Bidzilya & Li, 2010
Fig. 30
Scrobipalpa flavinerva Bidzilya & Li, 2010: 16, figs 15, 38.
Material examined. 3 ♂, 4 ♀, Erdaohu, Yanchi County, Ningxia Hui Autonomous
Region, 1397 m, 19,20.vii.2013, coll. Houhun Li et al. (gen. slide nos. L13070♀;
YMQ13167♂; LLJ15203♀).
Female genitalia (Fig. 30). Papilla analis elongate, ovate, sparsely covered with
hairs; apophyses posteriores five times longer than segment VIII; sternite VIII twice as
long as broad, weakly narrowing apically, postgenital plates smooth with stronger sclerotized zone along medial margin, rounded posteromedially, posteriorly ca. 1/3 width
of sternite VIII, then gradually narrowing towards apophyses anteriores, ventromedial
depression prolonged, trapezoidal, densely covered with microtrichia, with distinct
lateral folds, divided anteromedially to 1/3 length into lobes which not extend beyond
anterior margin of sternite VIII; apophyses anteriores as long as sternite VIII, straight;
ductus bursae narrow to moderate width, with distinct transition to subovate corpus
bursae, colliculum narrow, ring-shaped; signum stout, basal plate large, distal hook
curved under the right angle, narrow, acute.
Biology. Host-plant unknown. Adults were collected from the end of June to middle August at an altitude of 1400 m.
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Figures 29–31. Female genitalia of Scrobipalpa species. 29 S. ningxica sp. n., PT (gen. slide no.
L13092) 30 S. flavinerva (gen. slide no. L13070) 31 S. zhengi sp. n., PT (gen. slide no. 34/14, O
Bidzilya). Scale bars: 0.5 mm.
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Distribution. China (Ningxia, Inner Mongolia), Mongolia, Russia (Buryatia)
(Bidzilya and Nupponen 2018).
Remarks. This species was described from four males collected in Mongolia and
Inner Mongolia in China. The female of this species is described for the first time based
on specimens from Ningxia Hui Autonomous Region.
The female genitalia are very similar to those of S. parki (Povolný, 1993) (see Povolný 2002, Pl. 75, fig. 789), but can be recognized by the shorter lobes of the ventromedial depression not extending beyond the anterior margin of sternite VIII, as in the
latter species. An additional difference is the broader basal plate of the signum.
Scrobipalpa zhengi sp. n.
http://zoobank.org/5A27CE1D-9D95-483D-856B-9DE4F27F6E35
Figs 13, 23, 31
Scrobipalpa cryptica Povolný, 1996, Bidzilya and Li 2010: 3. Misidentification.
Type material. CHINA: Holotype ♂, Suyukou, Mt. Helan, Ningxia Hui Autonomous Region, 2000 m, 10.viii.2005, coll. Xinpu Wang et al. (gen. slide no. 125/08)
(NKU). Paratypes: 1 ♀, same data as for holotype (gen. slide no. 34/14, O Bidzilya);
1 ♂, Xiazigou, Yaba, Mt. Helan, Alashan Left Banner, Inner Mongolia, 1793 m,
30.vii.2010, coll. Hongxia Liu and Zhiwei Zhang (gen. slide no. LJ17310).
Diagnosis. The new species can hardly be separated externally from S. cinerea
Povolný, 1996. The male genitalia remotely resemble those of S. atriplicella (Fischer
von Röslerstamm, 1841), but can be distinguished by the shorter uncus, the tapered
sacculus, the broader vincular process and the broader saccus. The female genitalia are
similar to those of S. sattleri Lvovsky & Piskunov, 1989, but the subgenital plates are
densely covered with microtrichia and the signum is smaller.
Description. Adult (Fig. 13). Wingspan 14.5–15.0 mm. Head, thorax and tegulae
covered with brown, black-tipped scales, frons white, labial palpus grey mottled with
brown, segment 2 with diffuse black rings on outer surface, segment 3 with distinct broad
black basal and medial rings, upper and inner surface of segment 2 dirty-white, scape
brown, other antennal segments brown with light grey basal rings; forewing covered with
grey black tipped scales, three diffuse black spots at base, black triangular spot on 1/5 of
costal margin, paired black dot in fold on 1/4 length, black spot edged with ochreous on
1/4 length in middle, two others at 2/3 in middle width, diffuse strongly angulated light
grey subapical fascia at 3/4 length, cilia greyish brown tipped; hindwing and cilia grey.
Male genitalia (Fig. 23). Uncus slightly longer than broad, subrectangular, posterolateral corners rounded; gnathos short, slender, weakly curved; tegumen narrow,
anteromedial emargination extending to 1/3 length, broadly rounded; valva narrow,
of even width, weakly curved, apex rounded, extending to the top of uncus; sacculus
narrow, straight, ca. 1/5 length of valva, gradually tapered, apex pointed, inner margin
with small hump before top; vincular process as long as sacculus, apex with outwardly
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curved tip; posterior margin of vinculum with deep v-shaped medial emargination;
saccus broad at base, distal half narrow, of equal width, extending beyond the top of
pedunculus; phallus straight, apical arm short, apex weakly pointed, caecum slightly
broader and slightly longer than half length of phallus.
Female genitalia (Fig. 31). Papilla analis elongate, ovate, sparsely covered with
hairs; apophyses posteriores five times longer than segment VIII; sternite VIII longer
than broad, subrectangular, posterior margin weakly emarginated, postgenital plates
ca. 1/3 width of sternite VIII, densely covered with microtrichia except for narrow
area under posterior margin, gradually narrowing anteriorly, with gradual transition to
apophyses anteriores, ventromedial depression prolonged, subrectangular, weakly narrowed in middle, densely covered with microtrichia, broadly divided anteromedially
nearly to 1/2 length into edged lobes which not are extending beyond anterior margin
of sternite VIII; apophyses anteriores as long as sternite VIII, straight, broad at base,
gradually tapered; ductus bursae broad, of even width except for posterior portion that
is narrower, with distinct transition to rounded corpus bursae; basal plate of signum
small, distal hook short, weakly curved, narrow, acute.
Biology. Host plant unknown. The adult was collected in early August at an altitude of 2000 m.
Distribution. China (Inner Mongolia, Ningxia).
Etymology. The species is named in honour of Professor Zhemin Zheng (Xi’an,
China) for his outstanding contributions to systematic entomology.
Scrobipalpa liui sp. n.
http://zoobank.org/C3F5B35E-DC65-4F9D-BE0D-76DD400D68C5
Figs 14, 24
Type material. CHINA: Holotype ♂, Manghe Macaques National Nature Reserve,
Yangcheng County, Shanxi Province, 3.viii.2013, coll. Shulian Hao and Yanjun Fan
(gen. slide no. L14058) (NKU).
Diagnosis. The new species resembles externally S. zhengi and S. cinerea, but the
black spots are more distinct. The male genitalia remotely resemble those of S. spumata, but the sacculus and the saccus are narrower and the vincular process is longer.
Description. Adult (Fig. 14). Wingspan 12.0 mm. Head, thorax and tegulae grey
mixed with brown, frons white, labial palpus grey mottled with brown, upper surface
of segment 2 white, scape brown, other antennal segments brown with narrow light
grey basal rings; forewing covered with grey brown-tipped scales, black spots at base
and on 1/3 of costal margin, another black spot in mid width, fold mottled with
yellow, three black diffuse spots surrounded by light brown scales in cell, indistinct
subapical white fascia on 3/4, subapical area mottled with black and light brown, cilia
greyish brown tipped; hindwing and cilia grey.
Male genitalia (Fig. 24). Uncus elongated, gradually narrowing in distal portion;
gnathos short, slender, weakly curved; tegumen narrow, anteromedial emargination
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deep, broadly rounded; valva moderately narrow, weakly curved, apex rounded, extending to the top of uncus; sacculus narrow, 1/3 length of valva, straight, outer margin
rounded, apex with pointed inwardly curved tip, gap to vincular process subtriangular;
vincular process as long as sacculus, very broad, inner margin strongly sclerotized,
gradually curved, apex with outwardly curved tip; posterior margin of vinculum with
deep v-shaped medial emargination; saccus narrow, tapered, not extending beyond
the top of pedunculus; phallus long, straight, apical arm short, strongly curved, apex
pointed, caecum weakly inflated, 1/3 length of phallus.
Female. Unknown.
Biology. Host plant unknown. The adult was collected in early August.
Distribution. China (Shanxi).
Etymology. This new species is named in honour of the late Professor Youqiao Liu
(Beijing, China), who was a famous expert of Lepidoptera in China.

An annotated list of the genus Scrobipalpa in China
1. Scrobipalpa aptatella (Walker, 1864)
Distribution. China (Xinjiang), east Australia, introduced into the Oriental and Afrotropical regions. Records from Europe are unconfirmed (Huemer and Karsholt 2010: 59).
2. Scrobipalpa acuminatella (Sirkom, 1850)
Distribution. China (Anhui), Europe, Russia (European part, Novosibirsk region, Kemerovo region, Irkutsk region), north Iran, Afghanistan, west Kazakhstan.
3. Scrobipalpa obsoletella (Fischer von Röslerstamm, 1839)
Distribution. China (Gansu, Inner Mongolia, Xinjiang), Palaearctic Region, South
Africa, USA (introduced).
4. Scrobipalpa intricata Povolný, 1969
Material examined. 1 ♀, Kashgar, Xinjiang Uigur Autonomous Region, 17.ix.[19]82
(gen. slide no. 42/07, O Bidzilya).
Distribution. Mongolia, China (Xinjiang).
Remarks. This species is recorded from China for the first time.
5. Scrobipalpa atriplicella (Fischer von Röslerstamm, 1839)
Distribution. China (Henan, Heilongjiang, Inner Mongolia, Jilin, Qinghai, Shaanxi,
Sichuan, Tibet, Xinjiang), Palaearctic Region, USA (introduced).
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6. Scrobipalpa vartianorum Povolný, 1968
Distribution. China (Xinjiang), Iran.
7. Scrobipalpa perfecta (Povolný, 1996), comb. n.
Material examined. 1 ♀, Qiongbola, Qapqal, Xinjiang Uigur Autonomous Region,
1871 m, 2.viii.2007, coll. Xinpu Wang et al. (gen. slide no. 51/14, O Bidzilya); 1 ♂,
Qiongbola, Qapqal, Xinjiang, 3.viii.2007, 1480 m, coll. Xinpu Wang et al. (gen. slide
no. L14025).
Distribution. China (Xinjiang), Kyrgyzstan.
Remarks. Both specimens differ superficially from S. perfecta figured by Povolný
(2002, Pl. 5, fig. 1) in the more plainly coloured forewing without a light brown area
along the dorsum. However, the specimens from China match the specimens from the
type locality in respect to the genitalia.
Remarks. This species is recorded from China for the first time.
8. Scrobipalpa suaveolens (Povolný, 1996), comb. n.
Material examined. 2 ♂, Hemu, Burqin County, Xinjiang Uigur Autonomous Region, 23.vii.2007, 1114 m, coll. Xinpu Wang et al. (gen. slide nos. L13028; 122/15,
O Bidzilya).
Distribution. China (Xinjiang), Kyrgyzstan.
Discussion. The male genitalia fit those of S. suaveolens well, except for the valva
that extends over the top of the uncus and the uncus being slightly longer than that
figured by Povolný (2002, Pl. 12, fig. 110). This may be the result of the different ways
of genital preparation: the unrolling technique used by us and the traditional method
used by Povolný. Externally the Chinese specimens differ in the absence of a black spot
in the corner of the cell. However, the very characteristic narrow forewing with distinct
pattern and the overall similar male genitalia leaves no doubt about the conspecificity
of the Chinese specimens with S. suaveolens.
Remarks. This species is recorded from China for the first time.
9. Scrobipalpa zhengi sp. n.
Distribution. China (Inner Mongolia, Ningxia).
10. Scrobipalpa grisea Povolný, 1969
Distribution. China (Inner Mongolia), Russia (Penza region, south Urals, Novosibirsk region, Tuva Republic, Zabaikalskiy krai), Mongolia, South Korea.
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11. Scrobipalpa occulta (Povolný, 2002)
Scrobipalpa proclivella (Fuchs, 1886), Li 2002: 193. Misidentification.
Scrobipalpa smithi Povolný & Bradley, 1964; Bidzilya and Li 2010: 7. Misidentification.
Material examined. 2 ♂, 2 ♀, Tacheng, Xinjiang Uigur Autonomous Region, 17–30.
vii.1990, coll. Jinfu Li (gen. slide no. L92065♂, L13034♀, 375/14♂, 379/14♀, O.
Bidzilya); 1 ♂, Balian, Mohe Xiang, Gongliu County, Xinjiang, 5.viii.2007, 1206 m,
coll. Xinpu Wang et al. (gen. slide no. L13052); 1 ♀, Weihugou, Jimsar County, Xinjiang, 10.viii.2007, 1734 m, coll. Xinpu Wang et al. (gen. slide no. 29/14, O. Bidzilya).
Distribution. China (Xinjiang), Russia (Volgograd region and Chelyabinsk region, Altai), Turkey.
Remarks. The species was mentioned from China as S. proclivella and as S. smithi
respectively (Li 2002; Bidzilya and Li 2010). Here it is re-identified in accordance with
the revision of the European Gnorimoschemini (Huemer and Karsholt 2010).
12. Scrobipalpa kaszabi Povolný, 1969
Material examined. 1 ♂, Xuelinzi, Nansi, Yaoba, Mt Helan, Alxa Left Banner, Inner
Mongolia, 31.vii.2010, 2204 m (gen. slide no. 92/14, O Bidzilya), coll. Hongxia Liu
and Zhiwei Zhang; 1 ♀, Xiangchizi Station, Mogou, Mt. Helan, Alxa Left Banner,
Inner Mongolia, 1845 m, 11.viii.2011 (gen. slide no. 43/14, O Bidzilya), coll. Lixia Li
and Yinghui Mu; 1 ♀, Ganjiahu Haloxylon Forest National Nature Reserve, Tacheng,
Xinjiang Uigur Autonomous Region, 14.ix.1984 (gen. slide no. 276/08, O Bidzilya).
Distribution. China (Inner Mongolia, Gansu, Xinjiang), Mongolia.
Remarks. This species is recorded from China for the first time.
13. Scrobipalpa candicans (Povolný, 1996)
Distribution. China (Xinjiang), Kyrgyzstan, SE Kazakhstan.
14. Scrobipalpa fusca Bidzilya & Li, 2010
Distribution. China (Inner Mongolia, Xinjiang), SE Kazakhstan, Turkmenistan, Uzbekistan.
15. Scrobipalpa frugifera Povolný, 1969
Material examined. 1 ♀, East Ujimqin Banner, Inner Mongolia, 8.viii.1997, 920 m,
coll. Houhun Li (gen. slide no. L14033).
Distribution. China (Inner Mongolia), Russia (Kalmykia, southern Siberia from
Altai to Khabarovskiy kray) (Anikin and Piskunov 2003; Ponomarenko 2008; Bidzilya
2009), Mongolia.
Remarks. This species is recorded from China for the first time.
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16. Scrobipalpla psammophila sp. n.
Distribution. China (Ningxia).
17. Scrobipalpa mongolica Povolný, 1969
Distribution. China (Inner Mongolia, Qinghai, Xinjiang), Mongolia.
18. Scrobipalpa mongoloides Povolný, 1969
Distribution. China (Gansu, Hebei, Henan, Inner Mongolia, Ningxia, Qinghai, Xinjiang), Kazakhstan, Kyrgyzstan, North Pakistan, Uzbekistan, Mongolia.
19. Scrobipalpa aganophthalma (Meyrick, 1931)
Distribution. China (Tibet).
20. Scrobipalpa nigrigrisea Bidzilya & Li, 2010
Distribution. China (Tibet).
21. Scrobipalpa solitaria Povolný, 1969
Distribution. China (Xinjiang). Ukraine, Russia (S Ural), Mongolia.
22. Scrobipalpa maniaca Povolný, 1969
Distribution. China (Xinjiang), Afghanistan, Mongolia, Russia (Lower Volga region,
Zabaikalskiy krai), Turkmenistan, Uzbekistan (Falkovitsh and Bidzilya 2009).
23. Scrobipalpa intima (Povolný, 2001)
Distribution. China (Hebei), Russia (Zabaikalskiy krai).
24. Scrobipalpa subnitens Povolný, 1969
Scrobipalpa subnitens Povolný, 1969: 18. Type Locality: Dalanzadgad, S. Gobi Aimak,
Mongolia.
Scrobipalpa gorodkovi Bidzilya, 2012, syn. n.
Material examined. 1 ♂, Liuyangpu, Yanchi County (37°47’ N, 107°23’ E), Ningxia
Hui Autonomous Region, 16.vi.2014, 1320 m, coll. Houhun Li, Wei Gaun and Meiqing Yang (gen. slide no. L13073).
Distribution. China (Ningxia), Mongolia, Tadzhikistan.
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Remarks. Scrobipalpa gorodkovi was described from two males and one female
from the mountains of Tadzhikistan (Bidzilya 2012). We compared the male genitalia
of the paratype of S. subnitens in unrolled position with those of S. gorodkovi and
came to the conclusion that they are conspecific. The female genitalia of both species
are also identical, so that the following synonymy is established: S. gorodkovi Bidzilya,
2012 syn. n. of S. subnitens Povolný, 1969. This species is recorded from China for
the first time.
25. Scrobipalpa peteri Bidzilya, 2009
Material examined. 1 ♀, Xiyaocun, Ningwu County, Shanxi Province, 1475 m,
21.vii.2011, coll. Shulian Hao and Jiayu Liu (gen. slide no. 79/14, O. Bidzilya).
Distribution. China (Shanxi), Russia (Tuva).
Remarks. This species is recorded from China for the first time.
26. Scrobipalpa indignella (Staudinger, 1879)
Distribution. China (Xinjiang), Afghanistan, Turkmenistan, Syria, Azerbaijan, Russia
(SE of the European part), south Ukraine.
27. Scrobipalpa ningxica sp. n.
Distribution. China (Ningxia).
28. Scrobipalpa kurokoi Povolný, 1977
Material examined. 1 ♂, Qiuqianjia, Mt. Liupan, Ningxia Hui Autonomous Region,
1.vii.2008, 1700 m (gen. slide no. 103/15, O Bidzilya), coll. Shulian Hao and Zhiwei
Zhang; 1 ♂, Heshangmaozi, Benxi County, Liaoning Province, 23.vi.2010 (gen. slide
no. 123/14, O Bidzilya), coll. Jiayu Liu and Yanpeng Cai; 1 ♂, Baotainman, Neixiang
County, Henan Province, 1200 m, 30.v.2006, coll. (gen. slide no. 97/15, O Bidzilya).
Distribution. China (Henan, Liaoning, Ningxia), Japan, Russia (Sakhalin Island)
(Ponomarenko and Dubinina 2011).
Remarks. This species is recorded from China for the first time.
29. Scrobipalpa gobica Povolný, 1969
Distribution. China (Xinjiang), Mongolia.
30. Scrobipalpa tripunctella sp. n.
Distribution. China (Hebei, Ningxia, Shanxi).
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31. Scrobipalpa avetjanae Emelyanov & Piskunov, 1982
Material examined. 5 ♂, 23 ♀, Ganshuwan, Gulaben, Mt. Helan, Alxa Left Banner, Inner Mongolia, 9.viii.2010, 2250 m, coll. Hongxia Liu and Zhiwei Zhang (gen.
slide nos. L13044♂; L13045♀); 1 ♂, Xuelinzi, Nansi, Yaoba, Mt. Helan, Alxa Left
Banner, Inner Mongolia, 31.vii.2010, 2204 m, coll. Hongxia Liu and Zhiwei Zhang;
1 ♂, Xuelinzi, Nansi, Yaoba, Mt. Helan, Alxa Left Banner, Inner Mongolia, 2204 m,
31.vii.2010, coll. Hongxia Liu and Zhiwei Zhang; 1 ♂, Beisi, Mogou, Mt. Helan,
Alxa Left Banner, Inner Mongolia, 2027 m, 6.viii.2010 (gen. slide no. L14013), coll.
Hongxia Liu and Zhiwei Zhang; 1 ♀, Xining City, Qinghai Province, 28.vii.1994
(gen. slide no. L06100); 1 ♀, Minqing, Gansu Province, 1343 m, 26.vii.2006, coll.
Xinpu Wang and Xiangfeng Shi (gen. slide no. L07043).
Distribution. China (Gansu, Inner Mongolia, Qinghai), Armenia, Mongolia.
Remarks. This species is recorded from China for the first time.
32. Scrobipalpa parki Povolný, 1993
Distribution. China (Gansu, Hebei, Ningxia, Qinghai, Shaanxi, Xinjinag), South Korea.
33. Scrobipalpa coctans Povolný, 1969
Distribution. China (Shaanxi; Mongolia).
34. Scrobipalpa septentrionalis sp. n.
Distribution. China (Heilongjiang, Ningxia).
35. Scrobipalpa pauperella (Heinemann, 1870)
Distribution. China (Gansu, Ningxia, Inner Mongolia), Europe, Afghanistan, Russia
(Zabaikalskiy krai).
36. Scrobipalpa liui sp. n.
Distribution. China (Shanxi).
37. Scrobipalpa similis Povolný, 1973
Distribution. China (Gansu, Xinjiang), Mongolia, Russia (Zabaikalskiy krai),
SE Kazakhstan.
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38. Scrobipalpa ochrostigma Bidzilya & Li, 2010
Distribution. China (Gansu, Qinghai).
39. Scrobipalpa bryophiloides Povolný, 1966
Distribution. China (Xinjiang, Shaanxi, Ningxia, Inner Mongolia), south Ukraine,
south of European part of Russia, Turkey, Uzbekistan, Iran, Mongolia, Kazakhstan,
Uzbekistan, Turkmenistan.
40. Scrobipalpa artemisiella (Treitschke, 1833)
Distribution. Palaearctic Region to China (Xinjiang, Ningxia) and Mongolia eastwards.
41. Scrobipalpa latiuncella Bidzilya & Li, 2010
Distribution. China (Ningxia).
42. Scrobipalpa selectella (Caradja, 1920)
Distribution. South of Palaearctic Region from Tunisia to China (Xinjiang, Ningxia,
Inner Mongolia, Tianjin).
43. Scrobipalpa distincta Bidzilya & Li, 2010
Distribution. China (Gansu, Henan, Ningxia).
44. Scrobipalpa gozmanyi Povolný, 1969
Distribution. China (Xinjiang, Qinghai, Ningxia, Gansu, Sichuan), Mongolia.
45. Scrobipalpa divergens (Povolný, 2002)
Distribution. China (Xinjiang).
46. Scrobipalpa pulchra Povolný, 1967
Distribution. Latvia (Huemer and Karsholt 2010: 167), South of Palaearctic Region
from southern Ukraine and Turkey to Mongolia and west China (Xinjiang).
47. Scrobipalpa honei Bidzilya & Li, 2010
Distribution. China (Yunnan).
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48. Scrobipalpa strictella Bidzilya & Li, 2010
Distribution. China (Hebei).
49. Scrobipalpa heretica Povolný, 1973
Distribution. China (Xinjiang); Spain, Russia (Volga and Ural regions), Turkey, Iran,
Kazakhstan, Kyrgyzstan.
50. Scrobipalpa magnificella Povolný, 1967
Distribution. China (Xinjiang), south Ukraine, Russia (southern Ural mountains),
Syria, north Iran, Uzbekistan, Mongolia.
51. Scrobipalpa flavimaculata Bidzilya & Li, 2010
Distribution. China (Qinghai).
52. Scrobipalpa flavidinigra Bidzilya & Li, 2010
Distribution. China (Inner Mongolia, Ningxia).
53. Scrobipalpa nitentella (Fuchs, 1902)
Distribution. China (Qinghai, Xinjiang), Europe, Turkey, Kazakhstan, Afghanistan,
Russia (European part, Novosibirsk region, Zabaikalskiy krai), Mongolia.
54. Scrobipalpa ahasver Povolný, 1969
Material examined. 2 ♀, Weihugou, Jimsar County, Xinjiang Uigur Autonomous
Region, 10.viii.2007, 1734 m (gen. slide nos. 87/14, O Bidzilya; L14038).
Distribution. China (Xinjiang), Mongolia.
Remarks. The genitalia of two females match well the figures by Povolný (2002:
pl. 60, fig. 552), although the adults are lighter, greyish-black rather than dark brown
and have a reduced subapical fascia on the forewing.
This species is recorded from China for the first time.
55. Scrobipalpa caryocoloides Povolný, 1977
Distribution. Japan, China (Ningxia, Shaanxi), Korea.
56. Scrobipalpa chitensis Povolný, 2001
Distribution. China (Shaanxi, Ningxia), Russia (Zabaikalskiy krai).
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56. Scrobipalpa bidzilyai (Povolný, 2001)
Distribution. China (Hebei), Russia (Burjatia, Zabaikalskiy krai).
57. Scrobipalpa triangulella sp. n.
Distribution. China (Gansu, Ningxia, Shaanxi).
58. Scrobipalpa punctulata sp. n.
Distribution. China (Henan, Shanxi).
59. Scrobipalpa chinensis Povolný, 1969
Distribution. China (Yunnan).
60. Scrobipalpa sinica Bidzilya & Li, 2010
Distribution. China (Inner Mongolia; Mongolia).
61. Scrobipalpa flavinerva Bidzilya & Li, 2010
(Fig. 30)
Distribution. China (Ningxia, Inner Mongolia), Mongolia, Russia (Buryatia) (Bidzilya
and Nupponen 2018).
62. Scrobipalpa zouhari Povolny, 1984
Distribution. China (Beijing).
63. Scrobipalpa rebeli (Preissecker, 1914)
Distribution. China (Shaanxi), Europe (Italy, Austria, Ukraine), Russia (Tuva), Japan.
64. Scrobipalpa nigrosparsea Povolný, 1969
Distribution. China (Inner Mongolia, Xinjiang), Mongolia.
65. Scrobipalpa erichi Povolný, 1964
Distribution. China (Xinjiang, Inner Mongolia), Europe, Iran, Turkey, Middle Asia,
Mongolia.
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66. Scrobipalpa erichiodes Bidzilya & Li, 2010
Distribution. China (Gansu, Hebei, Heilongjiang, Inner Mongolia, Ningxia, Shaanxi,
Xinjiang).
67. Scrobipalpa sattleri Lvovsky & Piskunov, 1989
Distribution. China (Inner Mongolia), Turkmenistan, Mongolia.
68. Scrobipalpa nigripuncta Bidzilya & Li, 2010
Distribution. China (Henan).
69. Scrobipalpla zhongweina sp. n.
Distribution. China (Ningxia).
70. Scrobipalpa halimioniella Huemer & Karsholt, 2010
Material examined. 1 ♂, Burqin County, Xinjiang Uigur Autonomous Region,
21.vii.2007, 504 m, coll. Xinpu Wang (gen. slide no. 123/13, O Bidzilya).
Distribution. China (Xinjiang), south France, sSouth Ukraine (Bidzilya et al. 2011).
Remarks. The specimen matches S. halimionella well, both externally and in
the genitalia, as figured in the original description (see Huemer and Karsholt 2010,
fig. 110). This is a rather surprising discovery of this Mediterranean species, so far away
from its previously known range.
This species is recorded from China for the first time.
71. Scrobipalpa ergasima (Meyrick, 1916)
Material examined. 1 ♂, Erdaohu, Habahu, Yanchi County, Ningxia Hui Autonomous
Region, 1397 m, 20.vii.2013, coll. Houhun Li (gen. slide no. 120/15, O Bidzilya).
Distribution. South of the Palaearctic Region eastwards to China (Ningxia) and
Japan, arid areas of Africa and south-eastern Asia.
Remarks. This species is recorded from China for the first time.
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Abstract
The taxonomic position of the monotypic Vietnamese genus Tonkinodentus Schileyko, 1992 (for T.
lestes Schileyko, 1992) has been considered in the light of the first obtained molecular data. Both molecular (28S rRNA) and morphological data support the position of this extraordinary eye-less genus
within the family Scolopendridae Leach, 1814, a sighted clade, and thus suggests the polyphyly of blind
scolopendromorphs. The species diagnosis has been amended and color images of T. lestes provided for
the first time.
Keywords
Extended redescription, molecular analysis, Scolopendridae, taxonomic position, Tonkinodentus, 18S
rRNA, 28S rRNA

Introduction
The monotypic genus Tonkinodentus Schileyko, 1992, based on T. lestes Schileyko, 1992,
was described from Vietnam by a single adult specimen lacking the ultimate pair of legs.
This enigmatic taxon, originally collected from Boun Ma Thuout in Dak Lak Province
(Fig. 1), is extraordinary in lacking eyes (Figs 2, 4) but otherwise scolopendrid-like in

Copyright Arkady A. Schileyko, Evgeniya N. Solovyeva. 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.
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all other aspects. According to Schileyko (1992), the presence of forcipular tooth-plates
and a trochanteroprefemoral process (Figs 3, 5, 6) and the absence of a sternal transverse suture (Fig. 7) place Tonkinodentus in Theatopsinae Verhoeff, 1906 (in the sense
of Schileyko 1992). Shelley (1997) synonymised Theatopsinae with Plutoniuminae
(= Plutoniumidae) Bollman, 1893 and also removed Tonkinodentus from this subfamily.
In 1994 another (complete) subadult specimen of T. lestes (Fig. 8) was found in
Dong Nai Province (Fig. 1), and the species was redescribed by Schileyko (2007). As a
result, it turned out that Tonkinodentus has (as the overwhelming majority of the subfamily Scolopendrinae Leach, 1814) paired sternal longitudinal sutures (Fig. 7), slit-like
spiracles (Fig. 9) covered by “flap” (a synapomorphy that is unique for Scolopendrinae),

Figures 1–4. 1 Map of Vietnam showing the places of collection (black circles) of the holotype (Dak
Lak Province) and the second specimen (Dong Nai Province) of Tonkinodentus lestes Schileyko, 1992;
Tonkinodentus lestes Schileyko, 1992, holotype (Rc 6358) 2 general view, dorsally 3 general view, ventrally
4 head plate and LBS 1, dorsal view.
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a well-developed and spinulated coxopleural process (Figs 10, 11), and regular (“common” sensu Schileyko 2009) ultimate legs (Figs 8, 12). Thus, T. lestes is morphologically
much closer to the sighted Scolopendrinae rather than to the blind Plutoniumidae. The
subsequent cladistic analyses of Edgecombe and Giribet (2004), Vahtera et al. (2012a),
and others (see below), which were based on both molecular and morphologic data,
proposed the monophyly of the blind scolopendromorphs (i.e. Cryptopidae sensu Attems, 1930); however, they did not contain data on Tonkinodentus.
Taking into consideration all these facts, Schileyko (2007) supposed Tonkinodentus to
be the first blind representative of Scolopendridae. Schileyko (2007: 71) also wrote that a
discussion concerning taxonomic position of this genus will be published elsewhere and left
Tonkinodentus unassigned to any subfamily. Thus, the aim of this paper is to specify a taxonomic position of this enigmatic genus using the first molecular data as presented below.

Material and methods
All the studied material is deposited in the Zoological Museum of Moscow Lomonosov State University (ZMMU). The work was carried out based on the two specimens
of Tonkinodentus lestes (Rc 6358, holotype; Rc 6555, non-type). Abbreviations used are
LBS = leg-bearing segment(s), col. = collector. Specimens were examined both wet and
dry under various angles of direct illumination; the photos were taken using a Canon
EF-S 60 macro lens mm mounted on Canon EOS 300 camera and DeltaPix Invenio8DII digital camera. Lewis et al. (2005) and Bonato et al. (2010) were followed for
standard terminology of centipede morphology.
A tissue sample of T. lestes was taken from the 75% ethanol preserved specimen
(voucher number Rc 6555 in ZMMU, collected in 1994). To avoid contamination,
extraction and amplification of the DNA were carried out in the ZMMU Laboratory
of Historical DNA. This laboratory was specially designed for work with samples from
museum specimens, which potentially have their DNA degraded. No previous work
on fresh tissues had been performed in this laboratory (Kruskop et al. 2018; Lebedev
et al. 2018). DNA was extracted twice; for the first time, it was extracted and purified
using the QIAamp DNA MiniKit (Qiagen), which included an overnight lysis step at
56 °C and longer incubation with EB-buffer (5 min) at the purification step. For the
second time, DNA was extracted using a non-destructive method (Gilbert et al. 2007)
with the following modifications: incubation at 55 °C was performed for 8 h, DNA
purification was done with Qiagen PCR purification kit.
We amplified a fragment of the 28S rRNA nuclear gene. The DNA was highly
degraded, so short fragments (100–200 bp) were obtained using the combination of
internal primers designed for this study (Appendix 1, 2). Primer pairs were developed
manually using Bioedit (Hall 1999) and an alignment of candidate centipede sequences
from GenBank. First DNA extraction was successfully amplified with 28S-endF/28SendR primer pairs, but another pair of primers (startF_2 and IntR_2) worked only on
the second DNA extraction.

136

Arkady A. Schileyko & Evgeniya N. Solovyeva / ZooKeys 840: 133–155 (2019)

Figures 5–9. Tonkinodentus lestes Schileyko, 1992; Holotype (Rc 6358) 5 anterior margin of forcipular
coxosternite, ventral view 6 head, forcipular segment and LBS 1–2, ventral view 7 LBS 12, ventral view;
non-type (Rc 6555) 8 general view, laterally; Holotype (Rc 6358) 9 left side of LBS 2–4, lateral view; (asp)
– accessory spines, (bs) – basal sutures of tooth-plates, (cl) – chitin-line, (dhp) – dorsal half of process of
trochanteroprefemur, (im) – pleural intersclerite membrane, (lmd) – longitudinal median depression, (ms)
– medial suture, (pr) – leg pretarsus, (ps) – paramedian suture, (pt) – process of trochanteroprefemur, (sp)
– slit-like spiracle of LBS 3, (ss) – short caudo-lateral suture, (tp) – tooth-plate, (tr) – tarsungula, (ts) – leg
tarsal spur, (t1) – leg tarsus 1, (t2) – leg tarsus 2, (vhp) – ventral half of process of trochanteroprefemur.

The PCR program for amplification of short fragments included an initial denaturation
at 95 °C for 3 min, 45 cycles of 95 °C for 30 s, annealing temperature (see Appendix 1) for
30 s and 72 °C for 30 s, and a final extension of 72 °C for 6 min. All stages of the extraction
process included a negative control run in parallel. PCR products were visualized on a 1%
agarose gel. PCR product was sequenced via Evrogen on ABI PRISM 3500xl sequencer. All
sequences were deposited in GenBank under the following accession number MK517656.
Additional sequences of 28S rRNA and 18S rRNA of various scolopendromorphs
(including the members of Scolopendrinae, i.e. potential close relatives of T. lestes) were
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downloaded from GenBank (see Appendix 3). Craterostigmus tasmanianus Pocock, 1902,
a member of Craterostigmomorpha, was used as an outgroup. We did not increase the
length and variability of our alignment by adding mitochondrial DNA data available for
this set of taxa (excluding T. lestes) in GenBank because the Chilopoda mtDNA sequences are very variable, much more than their nuDNA ones and there is a high possibility
of saturation of mtDNA while comparing distant taxa and because the cases of mitochonrial introgression are rather common. We hold to an opinion that in such situations
combining both nuDNA and mtDNA data in one alignment can lead to errors and is
better avoided, especially when, as in our case, the DNA fragment of the target specimen
is short and represents only one type of DNA markers (either nuDNA, or mtDNA).
Sequences of T. lestes were checked and put in contig using Seqman 5.06 (Burland 1999). Than contig and GenBank sequences were aligned with Geneious 11.1.5
(http://www.geneious.com) using Geneious Alignment. Subsequently, the alignment
was checked and manually revised if necessary using BioEdit Sequence Alignment
Editor v. 7.1.3.0 (Hall 1999). Two alignments were prepared for the following phylogenetic analysis: sequences of 28S only and concatenated alignment of 28S + 18S. We
did not cut the sequences of the other taxa to match the length of the T. lestes fragment,
the length of 28S alignment was 1743 b.p. and 1913 b.p. for 18S alignment. 18S sequences were added to improve the resolution of the resulting trees. Genetic distances
were calculated using MEGA 6.1 (Tamura et al. 2013).
The optimum partitioning schemes were identified with PartitionFinder (Lanfear et
al. 2012) using the greedy search algorithm under the AIC criterion: GTR + I + G for 28S
and SIM + I + G for 18S. Phylogenetic trees were reconstructed under Bayesian criteria
(BI) and the maximum likelihood (ML). Bayesian inference (BI) was performed in MrBayes v. 3.1.2 (Ronquist and Huelsenbeck 2003) with two simultaneous runs, each with
four chains, for 8 million generations for 28S and 12 million generations for 28S + 18S.
We checked the convergence of the runs and that the effective sample sizes (ESS) were all
above 200 by exploring the likelihood plots using TRACER v. 1.5 (Rambaut and Drummond 2007). The initial 10% of trees were discarded as burn-in. Confidence in tree
topology was assessed by posterior probability (PP) (Huelsenbeck and Ronquist 2001).
The ML trees were generated in IQ tree (Nguyen et al. 2015) using ultrafast bootstrap = 10000 (UFBoot, Minh et al. 2013). A model for the 28S (GTR+F+I+G4)
alignment was selected using ModelFinder (Kalyaanamoorthy et al. 2017), and a partitioning model for the 28S + 18S alignment were calculated with IQtree (Chernomor
et al. 2016): GTR+F+I+G4 for 28S and TNe+I+G4 for 18S.

Results
1. Amended diagnosis and redescription of Tonkinodentus lestes Schileyko, 1992
Schileyko (2007) redescribed T. lestes in detail, but the black-and-white photographs
are far from satisfactory. Below we present a new diagnosis and description of this species accompanied by color photographs.
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Figures 10–14. Tonkinodentus lestes Schileyko, 1992; Holotype (Rc 6358) 10 LBS 20–21, ventro-lateral
view 11 LBS 20–21, ventral view; non-type (Rc 6555) 12 LBS 21 and ultimate legs, dorso-lateral view 13
head plate and LBS 1, dorsal view 14 LBS 13, ventral view; (as) – apical spine(s) of coxopleural process,
(cp) – coxopleural process, (cps) – coxopleural posterior spine, (cs) – corner spine of ultimate prefemur,
(f) – femur, (g) – gonopod, (pf) – prefemur, (ps) – paramedian sutures, (sas) – subapical spine(s) of coxopleural process, (t) – tibia, (t1) – tarsus 1, (t2) – tarsus 2, (us) – ultimate sternite, (vlp) – distal ventrolateral process, (vs) – ventral spine(s) of coxopleural process.

Family Scolopendridae Leach, 1814
Subfamily Scolopendrinae Leach, 1814
Genus Tonkinodentus Schileyko, 1992
Type species. Tonkinodentus lestes Schileyko, 1992 (by monotypy).
Range. Central Vietnam, Dak Lak (Darlak) Province; South Vietnam, Dong Nai
Province.
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Tonkinodentus lestes Schileyko, 1992
Figures 2–19
Tonkinodentus lestes Schileyko 1992: 13.
Tonkinodentus lestes: Schileyko 1995: 74.
Tonkinodentus lestes: Schileyko 2007: 83.
Locus typicus. Central Vietnam, Dak Lak (Darlak) Province, environs of Boun Ma Thuot.
Material. Dak Lak (Darlak) Province, ca 15 km of Buon Ma Thuot, Eakmat,
450 m, 1–5.05.1986, col. L.N. Medvedev, 1 spec. (holotype, Rc 6358); Dong Nai
Province, Ma Da Forest, Dipterocarpus area, soil samples, 19.10.1994, col. N.V. Beliaeva, 1 spec. (Rc 6555).
Diagnosis. Cephalic plate lacking any sutures, its posterior margin overlapped
by tergite 1; eyes absent (Figs 4, 13). Forcipular tooth-plates well developed and relatively short, with 7 teeth arranged in 2 parallel rows in a chess-board pattern (Fig.
5); trochanteroprefemoral process bisected sagittally (Figs 5, 6). Sternites 2–20 with
paramedian sutures (Figs 7, 14). Pleuron with intersclerite membrane clearly visible;
spiracles triangular with a 3-part “flap”, slit-like entrance and deep atrium. 21 LBS;
the ultimate one visibly shorter than penultimate (Fig. 15). Leg with tarsus 1 considerably longer than tarsus 2, with both tarsal spur and pretarsal accessory spines. Ultimate
sternite with poorly developed longitudinal median depression in caudal half. Cylindrical coxopleural process well developed, with spines (Figs 10, 16, 17). Ultimate legs
of “common” shape (sensu Schileyko 2009; Figs 8, 12); femur, tibia, and tarsus 1 each
with an apically rounded distal ventro-lateral process (Figs 8, 12, 18).
Composite redescription. [data concerning the non-type specimen in square
brackets]
Length of body ca 45 [34] mm. Color in ethanol: entire animal uniformly yellowbrownish (Figs 2, 3) [pale yellow, nearly white; Fig. 8]. Body and legs with a very few
minute setae.
Antennae of 19 articles (in the both specimens left antenna of 19 and right one of
18, as the corresponding apical article seems to be broken off), reaching the anterior
margin of tergite 5 [5.5–6] when reflexed. Basal articles 6 or 7, with a very few long
setae, subsequent articles densely pilose. Basal antennal articles flattened.
Cephalic plate (Figs 4, 13) without any sutures, rounded and remarkably narrower
than tergite 1; its posterior margin covered by the latter. No light spots at the place of ocelli.
Maxillae 2: the second article of telopodite distally with dorsal spur. Dorsal brush
very poorly visible, consisting of short, delicate and transparent setae; apical setae no
longer than pretarsus. Uniformly brown pretarsus (Fig. 19) simple (not pectinate) and
claw-shaped, as long as 1/3–1/4 of the length of the apical article of telopodite; pretarsus with 2 thin accessory spines.
Forcipular segment: coxosternite with shortly branched medial suture which is as
long as 1/3 of coxosternal length; 2 short sutures stretched caudo-laterad from median
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diastema (Fig. 5) [all coxosternal sutures very hardly visible] in the form of an angle of
ca 60° [ca 70°]; chitin-lines short but well developed (Fig. 6). Tooth-plates definitely
wider than long [visibly higher than in the holotype]; height of tooth margin increasing medially. Each tooth-plate with 7 teeth, fused to various degrees and arranged in 2
parallel rows in a chess-board pattern (Fig. 5), the lateral tooth is the shortest and the
most isolated. Basal sutures of tooth-plates form a nearly straight line. Trochanteroprefemural process well developed, divided sagittally into 2 (dorsal and ventral) halves
(Figs 5, 6), each half with 2 or 3 lateral tubercles [dorsal halves of both processes with
3, ventral ones (which are visibly smaller) with 2]; the apical end of this process is considerably higher than corresponding tooth-plate. Tarsungula (Fig. 6) of normal length
(left one broken off apically in the holotype), ventrally with 2 blunt ridges.
Tergite 1 without sutures (Figs 4, 13), tergite 2 with visible incomplete paramedian
sutures, tergites 3–20 with well-developed and complete ones (Fig. 15), tergite 21 with
complete median suture. Tergites 15/16–20 with poorly developed lateral margination
posteriorly; only tergite 21 definitely marginate. Tergite 21 nearly as wide as long and
not narrowed caudad (Fig. 15); its lateral sides slightly rounded and posterior margin
evidently rounded. Tergites lacking any median keel.
Sternites 2–20 (Figs 7, 14) with lateral sides practically parallel; 2–20 with complete paramedian sutures; sternites 6/7–18/19 with a well-developed longitudinal median depression, which is wide and deep [very shallow]. Ultimate sternite long and
very narrow (Fig. 11), at least twice as long as wide at base [1.5:1; Fig. 17], very slightly
narrowing caudad; its posterior margin practically straight [with strongly rounded corners]. Endosternites not recognizable.
Composition of pleuron (Fig. 9) usual for Scolopendrinae, intersclerite membrane
well visible. Elongated spiracles triangular with a typical for this subfamily 3-valved
“flap” which covers slit-like entrance in a well-developed atrium (Fig. 9).
Legs (Figs 7, 9) with tarsus 1 considerably longer than tarsus 2, legs 1–18 [1–19]
with tarsal spur (legs 19–21 of the holotype are lost). Pretarsus long (approximately as
long as ¾ of tarsus 2), legs 1–20 with well-developed accessory spines.
Ultimate LBS visibly shorter than penultimate (Fig. 15). Coxopleuron (excluding
coxopleural process) visibly longer than sternite 21 (Figs 11, 16), its coxal part very densely
pierced with coxal pores of various size, only this coxopleural process and a narrow posterior area remaining poreless [this posterior area visibly broader than in the holotype]. Short,
cylindrical coxopleural process (Figs 10, 16) slightly curved dorsad [definitely curved medially and very slightly dorsad], with 2 apical, 2 subapical, and 2 ventral spines close to
its base [with 3 apical, 1 subapical, and 1 lateral spine]; 1 or 2 [1] spines at posterior
margin of coxopleuron. Coxopleural process practically reaches the caudal margin of the
ultimate tergite. Caudal margin of ultimate pleuron virtually straight and lacking spines;
coxopleural surface with scattered minute setae. Gonopods well developed (Figs 11, 17).
[Ultimate legs (Figs 8, 12) ca 7 mm long, relatively slender (width of prefemur ca
0.7 mm), prefemur definitely flattened dorsally, other articles cylindrical. Prefemur, femur and tibia practically of the same length (ca 1.7 mm), tarsus 1 considerably longer
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Figures 15–20. Tonkinodentus lestes Schileyko, 1992; Holotype (Rc 6358) 15 LBS 20–21, dorsal view;
non-type (Rc 6555) 16 LBS 21 and ultimate prefemora, ventro-lateral view 17 LBS 21 and right ultimate
prefemur, ventral view 18 femur, tibia, and tarsus 1 of left (lateral view) and right (medial view) ultimate
leg; Holotype (Rc 6358) 19 maxillae 2 and anterior part of forcipular segment, ventral view; Cormocephalus dentipes Pocock, 1891, adult Rc 7013 20 anterior margin of forcipular coxosternite, ventral view;
(as) – apical spines of coxopleural process, (asp) – accessory spines, (at) – apical article of telopodite of
maxilla 2, (cp) – coxopleural process, (cps) – coxopleural posterior spine, (cs) – corner spine of ultimate
prefemur, (dhp) – dorsal half of process of trochanteroprefemur, (f) – femur, (g) – gonopod, (lm) – lateral
margination, (ls) – lateral spine(s) of coxopleural process, (mds) – median suture, (ms) – medial spine(s)
of ultimate prefemur, (pa) – coxopleural posterior poreless area, (pr) – pretarsus, (ps) – paramedian
suture(s), (sas) – subapical spine(s) of coxopleural process, (t) – tibia, (t1) – tarsus 1, (us) – ultimate
sternite, (ut) – ultimate tergite, (vhp) – ventral half of process of trochanteroprefemur, (vlp) – distal
ventro-lateral process, (vls) – ventrolateral spine(s) of ultimate prefemur, (vms) – ventromedial spine(s)
of ultimate prefemur.

142

Arkady A. Schileyko & Evgeniya N. Solovyeva / ZooKeys 840: 133–155 (2019)

than tarsus 2 (Figs 8, 12, 18), the latter twice as long as pretarsus. Ventral surface of
prefemur spineless, left prefemur with 23 and right one with 20 small ventrolateral
spines, remaining ones (23 on left prefemur, 22 on right) disposed ventromedially,
medially and dorsomedially (Figs 12, 16, 17). The spines grouped in very indistinct
rows or scattered chaotically; corner spine well developed (Figs 12, 16), with 2 apical
spines. No tarsal spur; pretarsus slender, sharply contrasting to much thicker tarsus 2,
accessory spines absent. Tarsus 1 and tibia visibly broadened apically; femur, tibia and
tarsus 1 each with a characteristic distal process ventro-laterally, the latter short and
rounded apically (Fig. 8, 12, 18)].
Remarks. The known material consists of two specimens only, neither of which are
in perfect condition. More material is needed to investigate the anatomy (e.g. peristomatic structures, foregut, gizzard).
All differences between the holotype and the second specimen are explicable by the
latter being a subadult. The much paler and considerably softer cuticle the second specimen suggests that it is newly moulted. Because of this, some delicate structures (e.g.
forcipular sutures, leg spurs) are less evident than in the holotype. The most delicate
parts (maxillae, antennae, legs) are somewhat deformed (wrinkled) in the holotype,
but in the second specimen, the ventral surfaces of the apical articles of the ultimate
legs are deformed (unnaturally concave).
Eight specimens of Cormocephalus dentipes Pocock, 1891 (Rc 7518, 7013, 7028,
7231, 7233) from India (Assam and Punjab states), Western Nepal and Indonesia
(Sumatra, Medan) demonstrate virtually the same structure of the sagittaly bisected
process of the forcipular trochanteroprefemur (Fig. 20). As for the chess-board pattern
of the arrangement of the teeth of the forcipular tooth-plates in Tonkinodentus (Fig. 5),
it is unique among the Scolopendromorpha.
Discussion. The genus Tonkinodentus conforms to the Scolopendrinae and differs
from members of both the Plutoniumidae and Cryptopidae Kohlrausch, 1881 by: (1)
the presence of paired sternal longitudinal sutures (Figs 7, 14) vs single median suture,
(2) the slit-like spiracles are covered by a “flap” (a synapomorphy that is unique for
Scolopendrinae; Fig. 9), with the longitudinal axis of the spiracle parallel to the such of
the body vs open oval spiracles, (3) the well-developed, spinulated coxopleural process
(Figs 10, 16) vs its virtual absence, and (4) the ultimate legs of “common” shape (sensu
Schileyko 2009; Figs 8, 12) vs enlarged, “pincer-shaped” ones in Plutoniumidae or
“pocket knife-shaped” ones in Cryptopidae. Tonkinodentus also sharply differs from the
typical cryptopids (= Cryptops Leach, 1814) by having: (1) well-developed forcipular
tooth-plates with strongly chitinized teeth, (2) a forcipular trochanteroprefemur with
a well-developed process, (3) sternites without transversal sutures, and (4) prefemur of
ultimate legs with numerous spines (Fig. 17).
Summing up, the genus Tonkinodentus is morphologically the typical representative of the subfamily Scolopendrinae (and namely of the former tribe Scolopendrini
Leach, 1814) and is the most similar to the genus Scolopendra L., 1758, but differs readily from the latter by the absence of eyes and the peculiarities of the forcipular segment.
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2. Results of the molecular analysis
2.1. Sequence characteristics
We obtained 175 b.p. of 28S rRNA of Tonkinodentus lestes. The complete matrix included sequences from 40 species. Information on the length of 28S and 18S fragments and variability is given in Appendix 4 (all data shown for ingroup only). Uncorrected mtDNA genetic distances are given in Appendix 5, 6 (below diagonal).
2.2. Phylogenetic analysis
The results of the phylogenetic analysis are presented in Figures 21 and 22. BI and ML
analyses yielded trees that demonstrated essentially similar topologies. Trees based on
28S and 28S + 18S alignments are also rather congruent. Relations of blind species are
not resolved in the 28S phylogenetic tree, but non-blind group represents a clade (PP =
0.91, BS = 92). The monophyly of both Scolopendrinae (PP = 0.95, BS = 95) and Otostigminae (PP = 0.94, BS = 100) was supported (Fig. 22). The 28S + 18S phylogenetic
tree shows lesser values of support (PP = 0.86, BS = 82) for the non-blind clade, but
relations within the blind group are better resolved: two species of Theatops Newport,
1844 form a clade (PP = 0.66 (not shown), BS = 97), Newportia Gervais, 1847 and
Scolopocryptops Newport, 1844 form another clade (PP = 0.098, BS = 98), and species
of Cryptops Leach, 1814 form the third clade (PP = 1, BS = 100). According to both
28S and 28S + 18S topologies, blind Tonkinodentus lestes is included in the non-blind
clade (= Scolopendridae).

Figure 21. Phylogenetic BI tree reconstructed from alignment of the nuclear gene 28S. (Numbers on tree
nodes indicate posterior probabilities (PP > 90) and bootstrap values (BS > 75) for BI/ML, respectively).
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Figure 22. Phylogenetic BI tree reconstructed from concatenated alignment of the nuclear genes 28S +
18S. (Numbers on tree nodes indicate posterior probabilities (PP > 90) and bootstrap values (BS > 75)
for BI/ML, respectively).

3. The taxonomic position of Tonkinodentus and the problem of mono- vs paraphyly of the blind scolopendromorphs
The question of the correct taxonomic position of Tonkinodentus (in fact, the first eye-less
scolopendrid) is connected directly with the problem of mono- vs paraphyly of the blind
scolopendromorphs. An origin of the family Cryptopidae sensu Attems (1930), or the
“blind clade” sensu Vahtera et al. (2012a), which includes all three eye-less scolopendromorph families (Cryptopidae, Plutoniumidae, and Scolopocryptopidae Pocock, 1896) is
a matter of a long discussion. Schileyko (1992) argued the monophyly of the blind scolopendromorphs, stating that the group “Cryptopidae” is not a natural taxon, and tried to
support this by producing the first character matrix for the order (Schileyko 1996). This
was, however, quite limited and included only 15 genera and eight characters. This viewpoint was, in part, supported by Shelley (1997: 106), who wrote: “… no longer should
the present division [of order Scolopendromorpha], based primarily on the presence or absence of eyes, be uncritically accepted”. Shelley (2002: 2) later wrote: “Based on anatomical and biogeographical considerations (discussed by Shelley (1997)), I return the Scolopocryptopinae to full family status from a subfamilial position under the Cryptopidae.”
It is interesting that the results of the purely morphological investigations demonstrate that the para- vs monophyly of the blind scolopendromorphs depends on the
parameters of the analysis (Edgecombe and Koch 2008; Edgecombe and Koch 2009;
Di et al. 2010) and that “The status of blind Scolopendromorpha as a grade or clade
remains an open question” (Edgecombe and Koch 2009: 311). These conclusions have
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been supported by Koch et al. (2010: 70): “The shortest cladograms include two alternative resolutions of blind scolopendromorphs”.
In contrast, both molecular and/or combined analyses supported the monophyly
of the eye-less clade (Edgecombe and Giribet 2004; Vahtera et. al. 2012a). Edgecombe
and Giribet (2004: 125) wrote: “The cryptopid clade is present across most of parameter space for combined morphological and molecular data (…), leading us to favor
the hypothesis that loss of ocelli in Cryptopidae occurred once and defines a monophyletic group”. Also Vahtera et. al. (2012a, 2013) considered a single loss of ocelli in
Scolopendromorpha as the most parsimonious. Confirming these conclusions Bonato
et al. (2017: 2) stated that Plutoniumidae, Cryptopidae and Scolopocryptopidae are a
“… well-supported monophyletic subgroup, informally labelled as the ‘blind clade’...”.
Morphology and Sanger sequence data reviewed above have been inconclusive
with regards to the monophyly of a clade uniting the blind scolopendromorphs (except
for Tonkinodentus); this grouping is robustly supported by phylogenomic data (Fernández et al. 2016). All of 20 analyses using different gene partitions, optimality criteria
(Bayseian Inference or Maximum Likelihood), or tree-inference algorithms recover
this group with strong support.
The only mention of Tonkinodentus within this discussion has been made by Vahtera
et al. (2012a: 14), who wrote: “Our data are lacking the monotypic blind scolopendrid
genus Tonkinodentus Schileyko, 1992. Morphology supports an assignment of this rare
genus to Scolopendridae (Schileyko 2007) but this hypothesis remains yet to be tested in
terms of the molecular data. As such, although we postulate a single origin for blindness
in three families of Scolopendromorpha, an independent loss of ocelli within Scolopendridae (in Tonkinodentus) is probably based on published morphological evidence for
the affinities of Tonkinodentus”. Summing up, the results of the first molecular approach
applied to this peculiar genus should be of the special importance for this discussion.
As it was already noted above, Schileyko (2007) assigned Tonkinodentus to the
family Scolopendridae (sensu lato), so the precise taxonomic position of Tonkinodentus within the family remains indefinite. In the most current general review of scolopendromorph genera, Edgecombe and Bonato (2011: 400) included this genus in
the former tribe Scolopendrini Leach, 1814, but provided no arguments for doing
so. Later, using a combined morphological and molecular approach, Vahtera et al.
(2013: 578) showed that “the tribe Asanadini [Verhoeff, 1907] nests within Scolopendrini for molecular and combined datasets”, thus reducing both tribes, but without formalizing their new statuses. The molecular data confirms that Tonkinodentus
nests in the family Scolopendridae, or in the subfamily Scolopendrinae (Figs 21,
22), and thus, the discovery of the first eye-less scolopendrid is confirmed.

Conclusions
Work with ancient DNA from long-preserved museum collections is now an important and developing, but complicated, phylogenetic approach. In this study of T. lestes,
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DNA was so degraded and in so small an amount that two different methods of DNA
extraction were used, and only two short fragments of 28S rRNA were obtained.
Both morphological and the first molecular data unequivocally support the position
of blind Tonkinodentus inside sighted Scolopendridae. The position of Tonkinodentus
among the members of Scolopendrinae (i.e. non-blind scolopendromorphs with slit-like
spiracles covered by a “flap”) is well confirmed by morphological data, but has quite
low nodal support in our phylogenetic analysis. More fresh materials are necessary to
complete both internal anatomical and molecular studies of this enigmatic scolopendrid.
The position of T. lestes within the sighted family Scolopendridae coincides with
hypothesis that blind scolopendromorphs are non-monophyletic, although phylogenomics strongly supports monophyly of a clade of the three obligately blind families.
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Appendix 1
Primer pairs used in this study.
Fragment
1
1
2
2

Primer name
28S-endF
28S-endR
startF_2
IntR_2

Sequence of 3'–5'
Annealing temperature
3'-GGAGTCCCGGGAAGAGTTGTC-5'
56 °C
3'-TACGGTCCGGCGCGAAAATCA-5'
3'-CCGAGCGACCGAAAGGGAATC-5'
58 °C
3'-AGTCCGTCCCTTACAAAGAAAAGACAACTCT-5'
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Appendix 2

Simplified scheme of the primer positions on 28S gene.

Appendix 3
Sequences used in this study.
species
Akymnopellis chilensis
Alipes grandidieri
Arthrorhabdus formosus
Asanada brevicornis
Asanada socotrana
Campylostigmus decipiens
Campylostigmus orientalis
Cormocephalus aurantiipes
Cormocephalus monteithi
Craterostigmus tasmanianus
Cryptops australis
Cryptops spinipes
Cryptops trisulcatus
Cryptops weberi
Digitipes cf. barnabasi 1
Digitipes cf. barnabasi 2
Digitipes cf. coonoorensis
Digitipes sp.
Edentistoma octosulcatum
Ethmostigmus rubripes
Hemiscolopendra marginata
Newportia longitarsis
Newportia monticola
Newportia quadrimeropus
Notiasemus glauerti
Otostigmus astenus
Otostigmus caraibicus
Otostigmus rugulosus
Rhysida afra
Rhysida nuda
Scolopendra cingulata
Scolopendra morsitans
Scolopendra subspinipes
Scolopendra viridis
Scolopocryptops miersii
Scolopocryptops sexspinosus
Sterropristes violaceus
Theatops erythrocephalus
Theatops posticus
Tonkinodentus lestes

28S
HQ402521
HM453273
HQ402522
HQ402523
HQ402524
HQ402525
HQ402526
HQ402527
HM453274
HM453266
AY288708
AY288709
AF000783
HQ402535
JN003983
JN003987
JN003979
JN003980
KM492928
HM453276
HQ402530
HM453281
HQ402531
HQ402529
KF676405
HQ402532
HQ402533
HQ402534
HQ402536
HM453277
HM453275
HQ402537
HQ402538
DQ222134
HQ402528
AY288710
KF676377
HM453279
HM453280
MK517656

18S
HQ402503
KF676422
HQ402504
HQ402505
HQ402506
HQ402507
HQ402508
HQ402509
AF173249
AF000774
AY288692
AY288693
AF000775
HQ402518
–
–
–
–
KM492930
KF676424
HQ402513
HM453236
HQ402514
HQ402511
KF676456
HQ402515
HQ402516
HQ402517
–
AF173252
U29493
HQ402519
HQ402520
DQ201419
JX422720
AY288694
KF676428
AF000776
AY288695
–
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Appendix 4
Sequence characteristics. Cons. = conservative sites, Var. = variative sites, Pars.-Inf. = parsimony informative sites.
Locus
28S
18S

Length (b.p.)

Cons.

Var.

Pars.-Inf.

1743
1913

945
1662

744
237

381
120

T/U
18.5
23.4

Nucleotide frequencies (%)
C
A
25.7
23.8
24.7
23.7

G
31.9
28.2

Appendix 5
Uncorrected p-distances (%) for sequences of 28S nuDNA gene for species (above diagonal). Standard
error estimates are shown above the diagonal.
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Akymnopellis
chilensis
Alipes grandidieri
Arthrorhabdus
formosus
Asanada brevicornis
Asanada socotrana
Campylostigmus
decipiens
Campylostigmus
orientalis
Cormocephalus
aurantiipes
Cormocephalus
monteithi
Cryptops australis
Cryptops spinipes
Cryptops trisulcatus
Cryptops weberi
Digitipes cf.
barnabasi 1
Digitipes cf.
barnabasi 2
Digitipes sp. 1
Digitipes cf.
coonoorensis
Edentistoma
octosulcatum
Ethmostigmus
rubripes
Hemiscolopendra
marginata
Newportia
longitarsis
Newportia monticola
Newportia
quadrimeropus
Notiasemus glauerti

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.83

0.73

0.77

0.76

0.82

0.96

0.87

0.63

2.00

1.82

1.84

0.84

1.83

1.24

0.83

1.02

0.86

1.04

1.03

1.12

0.73

1.97

2.08

2.04

1.02

1.58

1.01

0.78

0.69

0.84

0.91

0.94

0.72

2.04

1.83

1.85

0.82

1.89

1.39

0.69

0.64
0.76

0.73
0.80

0.73
0.88

0.58
0.75

n/c
2.26

n/c
2.03

n/c
2.05

0.90
0.76

n/c
2.07

7.00
1.41

0.59

0.55

0.61

n/c

n/c

n/c

0.92

n/c

7.00

0.74

0.75

n/c

n/c

n/c

0.97

n/c

7.00

0.68

n/c

n/c

n/c

0.95

n/c

7.00

2.11

1.93

1.96

8.34
8.33 10.27
5.07
6.76

5.80
7.91

6.38
7.64

4.52

5.23

6.00

6.97

3.86

5.30

7.04

6.45

8.13

5.10

6.59

3.41

5.14

7.41

8.01

4.97

6.73

2.41

5.04

1.89

6.02

2.07

3.37

5.14

7.92

7.40

17.96
16.27
19.32
11.26

19.53
21.47
21.33
13.36

20.76 n/c
19.71 n/c
20.33 n/c
12.79 7.90

12.77 8.14 15.81

n/c

0.88

1.91

1.41

19.42 n/c
18.79 n/c
19.67 n/c
10.80 8.68

n/c
n/c
n/c
n/c
n/c
n/c
9.73 10.13

20.00
1.79 1.77 2.26
17.44 16.94
1.83 2.20
20.45 17.63 18.31
2.20
10.57 21.63 18.37 16.39

2.15
2.25
2.23
2.27

2.05
2.11
2.18
1.66

13.51

n/c

13.98 21.59 23.58 22.87 18.75

n/c

2.43

n/c

1.27

10.58 6.47 14.62 34.04 12.22 34.04 34.04 34.04 13.02 21.63 21.12 22.45 19.66 6.47
10.89 5.10 13.84

n/c

10.79

n/c

n/c

n/c

11.96 21.12 21.23 22.61 18.87 6.41

1.01

10.44 5.00 12.99

n/c

12.06

n/c

n/c

n/c

11.40 21.55 20.67 22.12 17.26 6.48

0.00

13.53 8.59 14.20

n/c

13.45

n/c

n/c

n/c

14.66 20.65 20.53 22.19 18.86 11.28 6.67

8.71

4.61

9.29

4.39

7.71

4.96

6.40

6.19

7.49 20.47 21.47 21.61 12.76 9.65

6.82

5.75

6.04

7.74

4.71

5.50

4.70

6.08

5.95

2.06

31.91

n/c

n/c

n/c

9.32

n/c

19.24 17.27 20.02 17.20 15.80 17.70 19.25 18.47 15.79 27.74 26.52 25.81 19.45 23.93 20.53
8.42

8.04 11.03 6.50

9.13

7.50 10.11 9.11

4.30

n/c

n/c

n/c

9.10

n/c

31.91

4.24

4.24

6.03

4.95

4.95

4.95

3.18

n/c

n/c

n/c

4.26

n/c

n/c

11.24 13.47 13.39

n/c

17.71

n/c

n/c

n/c

14.00 20.17 20.45 21.51 22.26 15.90 14.46

3.89 4.59
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25 Otostigmus astenus
Otostigmus
26 caraibicus
27 Otostigmus rugulosus
Scolopendra
28 cingulata
Scolopendra
29 subspinipes
30 Scolopendra viridis
Scolopocryptops
31 miersii
Scolopocryptops
32 sexspinosus
Scolopendra
33 morsitans
Sterropristes
34 violaceus
35 Rhysida afra
36 Rhysida nuda
Theatops
37 erythrocephalus
38 Theatops posticus
Tonkinodentus lestes
39 ZMMU S-6555
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1
7.09

2
3
4
5.00 10.41 4.73

5
7.50

6
5.61

7
7.22

8
7.46

9
10
11
12
13
14
7.08 20.41 20.53 21.55 12.55 8.50

15
6.79

7.63

4.78

9.20

5.36

8.27

5.75

6.86

7.47

7.30 20.41 20.23 21.27 12.75 9.04

7.03

7.74

4.95

9.22

5.34

8.12

6.23

6.37

7.37

7.55 20.12 19.94 21.27 12.30 8.75

6.55

8.25 10.99 9.34

4.63

8.05

4.26

5.76

4.80

6.95 19.82 18.16 20.06 13.92 14.33 16.05

5.57

9.05

7.44

3.22

6.53

3.47

4.49

3.34

5.77 19.64 20.06 20.85 13.06 12.15 14.75

7.10

9.75

7.58

5.29

7.21

6.47 19.88 18.81 19.83 12.60 14.68 14.40

5.51

6.58

6.46

15.59 18.52 15.18 7.69 15.05 7.65

9.43

9.69 14.85

20.70 25.28 20.46

n/c

18.98

n/c

n/c

n/c

18.90 22.38 20.79 25.14 21.65 25.53 25.82

4.36

6.44

4.59

5.68

4.34

5.43

3.80

2.63

12.35 6.15 13.83

6.55

n/c

n/c

n/c

n/c

n/c

n/c

17.69

9.13

n/c

n/c

46.33

34.04

n/c

13.15

n/c

n/c

n/c

14.24 21.64 21.22 22.70 20.85 10.65 7.56

6.50 10.41 5.34
5.15 11.10 4.57

8.82
7.14

6.13
4.76

6.87
7.62

7.48
6.84

7.98 21.30 20.53 21.61 13.11 6.73
7.63 19.82 20.53 21.27 13.21 9.68

10.68 11.07 11.28 6.75

8.32

6.97

8.40

8.98

8.42 18.21 16.08 20.00 11.77 16.41 15.40

8.63

8.69

9.92

4.81

6.20

5.34

6.23

6.59

7.62

n/c

n/c

n/c

12.45

n/c

20.57

2.29

2.29

3.43

3.43

6.29

5.71

5.71

5.14

2.29

n/c

n/c

n/c

6.32

n/c

n/c

8.09
8.96

9.62
7.23

Appendix 5 (continuation)
Uncorrected p-distances (%) for sequences of 28S nuDNA gene for species (above diagonal). Standard
error estimates are shown above the diagonal.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Akymnopellis
chilensis
Alipes grandidieri
Arthrorhabdus
formosus
Asanada brevicornis
Asanada socotrana
Campylostigmus
decipiens
Campylostigmus
orientalis
Cormocephalus
aurantiipes
Cormocephalus
monteithi
Cryptops australis
Cryptops spinipes
Cryptops trisulcatus
Cryptops weberi
Digitipes cf.
barnabasi 1
Digitipes cf.
barnabasi 2
Digitipes sp. 1

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

1.26

1.53

1.66

0.77

0.76

0.98

0.95

1.15

1.58

0.66

0.66

0.68

0.84

0.60

0.65

0.93

1.13

1.46

0.61

1.05

0.99

1.23

1.22

1.68

0.67

0.58

0.66

0.89

0.84

0.78

1.33

1.66

1.72

0.79

0.83

1.04

0.95

1.18

1.69

0.71

0.72

0.72

0.84

0.69

0.70

n/c
1.46

n/c
1.72

n/c 0.84 0.66 1.39 0.85 1.14
1.96 0.82 0.80 1.02 0.95 1.43

n/c 0.68 0.73 0.73 0.85 0.60 0.72
1.98 0.68 0.68 0.69 0.79 0.63 0.67

n/c

n/c

n/c

0.93

0.73

1.45

0.91

1.27

n/c

0.78

0.74

0.75

0.86

0.70

0.79

n/c

n/c

n/c

1.01

0.77

1.51

0.99

1.27

n/c

0.86

0.85

0.80

0.95

0.75

0.81

n/c

n/c

n/c

1.02

0.77

1.47

0.99

1.27

n/c

0.86

0.88

0.87

0.87

0.65

0.77

1.39

1.65

1.82

0.69

0.60

1.53

0.67

0.72

0.71

0.71

0.69

0.69

0.96

0.90

1.03

2.03 2.17 2.07 1.97
2.08 2.24 2.12 1.99
2.14 2.34 2.23 2.07
1.69 2.10 2.26 0.98

n/c 2.24
n/c 2.19
n/c 2.14
0.92 1.03

n/c
n/c
n/c
0.89

n/c 2.10 2.00 2.00 2.01 1.98 1.99 2.00
n/c 1.88 1.99 1.91 1.94 1.80 1.86 1.97
n/c 1.99 2.05 2.08 2.08 2.04 1.99 1.94
1.22 2.28 0.82 0.79 0.79 0.91 0.76 0.82

1.23

1.31

1.72

1.57

n/c

2.27

n/c

n/c

2.06

1.53

1.44

1.44

2.08

1.84

1.92

0.40

0.00

1.30

0.92

6.81

1.55

6.81

n/c

1.89

0.99

0.97

0.93

1.50

1.42

1.38

0.24

1.36

0.89

n/c

1.55

n/c

n/c

1.90

0.92

0.84

0.84

1.03

0.94

1.44
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16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Digitipes cf.
coonoorensis
Edentistoma
octosulcatum
Ethmostigmus
rubripes
Hemiscolopendra
marginata
Newportia
longitarsis
Newportia
monticola
Newportia
quadrimeropus
Notiasemus glauerti
Otostigmus astenus
Otostigmus
caraibicus
Otostigmus
rugulosus
Scolopendra
cingulata
Scolopendra
subspinipes
Scolopendra viridis
Scolopocryptops
miersii
Scolopocryptops
sexspinosus
Scolopendra
morsitans
Sterropristes
violaceus
Rhysida afra
Rhysida nuda
Theatops
erythrocephalus
Theatops posticus
Tonkinodentus
lestes ZMMU
S-6555

17

0.25

18

19

20

21

22

23

24

25

26

27

28

29

30

1.32

0.99

n/c

1.69

n/c

n/c

2.01

1.06

1.04

0.98

0.97

0.94

1.64

1.16

n/c

2.11

n/c

n/c

1.86

1.34

1.41

1.25

1.46

1.44

1.97

0.90

0.95

1.06

1.17

1.71

0.59

0.61

0.55

0.66

0.58

0.87

1.45

0.95

1.00

n/c

0.84

0.79

0.76

0.91

0.66

0.70

1.35

0.53

2.16

1.03

0.98

1.00

1.08

1.01

0.99

0.53

n/c

1.04

0.96

0.94

1.12

0.93

0.94

n/c

1.20

1.20

1.19

1.47

1.17

1.18

7.16

6.21

5.01

4.21

6.03

n/c

n/c

n/c

5.81

20.11 17.49 26.09 16.61 18.10
n/c

n/c

n/c

7.24

8.29 15.81

n/c

n/c

n/c

3.89

3.18

0.71

0.71

14.29 15.11 16.29 14.57 n/c 26.93 n/c
n/c
1.70
4.94 4.28 7.84 4.63 6.73 18.56 10.66 4.26 13.71

1.75 1.82 1.63 1.60 1.78
0.56 0.52 0.87 0.71 0.65

4.88

5.43

9.32

5.75

6.09 19.57 9.82

4.26 13.39 5.25

5.04

4.44

7.10

4.09

5.87 19.57 8.91

4.24 15.10 4.71

15.22 12.88 14.71 9.75

5.18 18.48 6.70

6.41 14.87 10.67 10.50 10.69

13.51 11.72 13.77 8.55

3.46 18.98 7.18

3.89 13.65 8.33

8.14

8.68

3.25

12.92 10.91 12.83 9.29

4.69 19.95 8.13

4.24 13.51 8.61

8.35

8.77

9.67

49.70 61.90

n/c

19.07 8.86 25.30 9.58

25.59 25.00 25.21 25.07

n/c

27.16

2.50

n/c

n/c

n/c

n/c

n/c

5.87

4.80 17.25 8.20

4.24

7.49

7.52

8.84

6.08

n/c

n/c

26.32

n/c

n/c

0.49
3.87

0.85

0.65

0.64

0.86

0.68

0.65

0.51

0.90
0.69

7.68

16.53 16.63 15.90 20.96 17.11 16.16

23.33 24.44 24.44 24.44 21.70 21.19 19.48
n/c

5.20

6.31

6.42

4.24

2.18

5.00

15.06 7.56

6.61

7.44 13.27 11.75 12.54

8.16 4.48 8.26 6.78 6.62 20.31 9.43 3.90 13.51 5.64 6.31 5.46 11.46 9.38 9.22
5.73 3.54 8.45 4.20 8.09 16.53 11.79 4.24 16.24 6.67 6.16 5.22 10.47 8.42 9.84
14.52 11.75 15.88 11.56 7.91 15.74 8.01

3.53 16.13 11.43 11.91 11.21 11.36 10.49 11.11

18.88 3.03
n/c

n/c

n/c

8.91

4.33 17.37 6.00

3.18

n/c

9.87

9.62 10.17 12.50 11.28 10.76

n/c

2.86

1.71

3.43

n/c

2.86

2.87

2.86

2.86

2.86

6.94

2.29

2.86

Appendix 5 (continuation)
Uncorrected p-distances (%) for sequences of 28S nuDNA gene for species (above diagonal). Standard
error estimates are shown above the diagonal.
1
2
3
4
5
6
7
8

Akymnopellis chilensis
Alipes grandidieri
Arthrorhabdus formosus
Asanada brevicornis
Asanada socotrana
Campylostigmus decipiens
Campylostigmus orientalis
Cormocephalus aurantiipes

31
1.06
1.40
1.07
0.86
1.07
0.95
0.95
0.99

32
1.88
2.19
1.91
n/c
2.08
n/c
n/c
n/c

33
0.75
0.99
0.79
0.65
0.81
0.71
0.77
0.68

34
1.65
1.27
1.64
n/c
1.92
n/c
n/c
n/c

35
0.66
0.66
0.70
0.74
0.73
0.77
0.80
0.87

36
0.79
0.67
0.82
0.87
0.78
0.96
1.07
1.03

37
0.89
0.92
0.87
1.08
0.86
1.16
1.20
1.19

38
0.96
1.03
1.00
0.89
0.93
1.00
1.09
1.10

39
1.03
1.03
1.28
1.32
1.82
1.67
1.67
1.60
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Cormocephalus monteithi
Cryptops australis
Cryptops spinipes
Cryptops trisulcatus
Cryptops weberi
Digitipes cf. barnabasi 1
Digitipes cf. barnabasi 2
Digitipes sp. 1
Digitipes cf. coonoorensis
Edentistoma octosulcatum
Ethmostigmus rubripes
Hemiscolopendra marginata
Newportia longitarsis
Newportia monticola
Newportia quadrimeropus
Notiasemus glauerti
Otostigmus astenus
Otostigmus caraibicus
Otostigmus rugulosus
Scolopendra cingulata
Scolopendra subspinipes
Scolopendra viridis
Scolopocryptops miersii
Scolopocryptops sexspinosus
Scolopendra morsitans
Sterropristes violaceus
Rhysida afra
Rhysida nuda
Theatops erythrocephalus
Theatops posticus
Tonkinodentus lestes ZMMU S-6555

31
1.22
n/c
n/c
n/c
1.02
n/c
3.11
2.35
2.00
n/c
0.95
0.92
1.34
0.93
0.97
n/c
1.08
1.06
1.07
1.37
1.09
1.08

32
1.91
2.02
1.89
1.93
2.13
2.27
2.19
1.47
1.71
1.75
0.81
n/c
2.25
n/c
n/c
1.94
2.06
2.11
2.06
2.08
2.07
1.87
n/c

n/c
8.51
n/c
16.86
18.56
18.53
19.09
4.00

33
0.67
n/c
n/c
n/c
0.94
n/c
7.00
1.39
1.67
1.75
0.78
0.70
1.37
0.89
1.14
n/c
0.70
0.77
0.73
0.86
0.51
0.69
0.85
n/c

n/c
25.07
24.10
23.08
19.01
n/c
n/c

n/c
5.81
6.05
7.52
5.71
3.43

34
1.72
2.02
1.87
2.10
2.28
1.72
1.45
n/c
n/c
n/c
0.93
n/c
2.14
n/c
n/c
1.76
1.40
1.32
1.38
1.70
1.56
1.75
n/c
2.11
n/c
7.28
7.24
15.99
n/c
n/c

35
0.68
2.00
2.02
2.17
0.84
1.29
1.09
1.38
1.56
1.71
0.79
0.77
1.03
0.95
1.13
1.76
0.55
0.53
0.52
0.90
0.68
0.68
1.05
2.18
0.75
1.34
6.48
11.89
10.33
2.29

36
0.71
1.91
1.91
1.97
1.01
1.57
1.01
3.52
11.45
n/c
1.30
1.06
0.96
1.22
1.19
1.83
0.72
0.68
0.64
0.86
0.82
0.78
1.32
2.10
0.92
1.43
0.67

37
0.78
2.04
1.93
1.93
0.92
2.02
1.44
2.16
2.21
2.15
2.12
1.13
0.97
1.14
1.16
1.83
0.94
0.88
0.86
0.90
0.86
0.82
1.31
1.86
1.08
1.86
0.91
0.90

11.64
8.72
2.86

7.44
4.00
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38
0.85
n/c
n/c
n/c
0.96
n/c
2.39
1.39
1.47
1.38
1.25
0.91
1.20
1.03
1.12
n/c
0.97
0.92
1.02
1.07
1.01
1.04
1.34
n/c
1.00
n/c
1.01
0.95
0.82

39
1.04
n/c
n/c
n/c
1.65
n/c
n/c
n/c
n/c
n/c
1.17
0.88
1.24
1.24
1.30
n/c
1.17
1.18
1.17
1.87
1.06
1.13
1.42
n/c
1.29
n/c
1.04
1.17
1.41
1.34

3.43

Appendix 6
Uncorrected p-distances (%) for sequences of 18S nuDNA gene for species (above diagonal). Standard
error estimates are shown above the diagonal.
1
Akymnopellis
chilensis
2 Alipes grandidieri
Arthrorhabdus
3
formosus
4 Asanada brevicornis
5 Asanada socotrana
Campylostigmus
6
decipiens
Campylostigmus
7
orientalis
8 Cryptops australis
9 Cryptops spinipes
10 Cryptops trisulcatus
11 Cryptops weberi
Cormocephalus
12
aurantiipes

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

0.41 0.37 0.32 0.38 0.42 0.30 0.40 0.47 0.42 0.43 0.30 0.29 0.37 0.36 0.28 0.45

1

2.67

0.42 0.35 0.41 0.31 0.36 0.45 0.46 0.43 0.45 0.36 0.35 0.28 0.26 0.33 0.42

2.86 3.01

0.33 0.42 0.32 0.31 0.45 0.49 0.45 0.46 0.32 0.28 0.38 0.33 0.30 0.47

1.90 1.95 2.23
0.28 0.24 0.24 0.44 0.48 0.44 0.44 0.24 0.21 0.31 0.28 0.21 0.41
2.79 2.61 2.89 1.30
0.31 0.33 0.45 0.53 0.48 0.47 0.34 0.32 0.36 0.34 0.30 0.48
2.33 1.24 1.49 0.74 1.24

0.09 0.46 0.52 0.44 0.44 0.14 0.19 0.30 0.29 0.25 0.33

1.91 2.17 2.08 1.06 1.99 0.08
3.71
4.49
3.89
3.93

3.63
4.03
3.65
4.02

3.72
4.62
4.02
4.06

3.33
4.13
3.17
3.50

3.80
4.67
3.81
4.09

2.32
3.23
2.41
2.65

0.42 0.48 0.42 0.42 0.10 0.18 0.33 0.29 0.20 0.43
3.03
0.34 0.32 0.39 0.41 0.40 0.45
4.03 2.10
0.39 0.40 0.47 0.46 0.49
3.04 1.99 2.72
0.34 0.43 0.44 0.43
3.25 2.65 2.98 1.94
0.43 0.42 0.42

1.81 2.02 2.09 1.06 1.99 0.25 0.22 2.99 3.94 3.17 3.38

0.43
0.47
0.41
0.43

0.38
0.44
0.40
0.40

0.49
0.53
0.47
0.47

0.18 0.32 0.30 0.20 0.43
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1

13
14
15
16
17
18
19
20
21

Cormocephalus
monteithi
Edentistoma
octosulcatum
Ethmostigmus
rubripes
Hemiscolopendra
marginata
Newportia
longitarsi
Newportia
monticola
Newportia
quadrimeropus
Notiasemus glauerti
Otostigmus astenus

2

3

4

5

6

7

8

9

10

11

12

13

1.69 2.01 1.70 0.89 1.76 0.50 0.65 2.92 3.92 3.15 3.36 0.65

14

15

16

17

0.32 0.26 0.19 0.42

2.35 1.30 2.80 1.78 2.39 1.24 2.12 3.30 3.97 3.32 3.58 2.02 1.85

0.23 0.31 0.41

2.02 1.08 2.25 1.28 2.04 1.16 1.52 3.14 3.92 3.15 3.42 1.53 1.25 0.98

0.25 0.39

1.75 1.85 1.70 0.84 1.59 0.83 0.82 3.14 4.04 3.10 3.31 0.82 0.71 1.91 1.20

0.41

3.71 2.78 3.31 2.37 3.10 1.11 2.64 3.28 3.93 3.01 3.49 2.52 2.44 2.79 2.30 2.30
3.10 2.53 3.28 2.09 2.65 1.99 2.42 3.48 4.15 3.22 3.87 2.38 2.20 2.70 2.04 2.09 0.56
2.77 2.48 3.06 1.98 2.53 1.49 2.26 3.15 3.99 2.88 3.54 2.21 1.98 2.20 1.76 2.04 1.33
1.64 1.68 1.86 0.83 1.64 0.50 0.49 2.75 3.64 2.87 3.25 0.38 0.54 1.74 1.25 0.60 2.44
2.27 1.05 2.61 1.41 2.10 1.08 1.65 3.13 3.98 3.14 3.52 1.55 1.54 0.94 0.55 1.49 2.44

Appendix 6 (continuation)
Uncorrected p-distances (%) for sequences of 18S nuDNA gene for species (above diagonal). Standard
error estimates are shown above the diagonal.
18
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Akymnopellis
chilensis
Alipes grandidieri
Arthrorhabdus
formosus
Asanada
brevicornis
Asanada socotrana
Campylostigmus
decipiens
Campylostigmus
orientalis
Cryptops australis
Cryptops spinipes
Cryptops
trisulcatus
Cryptops weberi
Cormocephalus
aurantiipes
Cormocephalus
monteithi
Edentistoma
octosulcatum
Ethmostigmus
rubripes
Hemiscolopendra
marginata
Newportia
longitarsi
Newportia
monticola
Newportia
quadrimeropus
Notiasemus
glauerti
Otostigmus astenus

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

0.39 0.37 0.28 0.38 0.36 0.35 0.33 0.29 0.34 0.31 0.30 0.42 0.36 0.35 0.36 0.36
0.40 0.38 0.32 0.26 0.27 0.26 0.27 0.33 0.37 0.32 0.33 0.42 0.35 0.26 0.36 0.35
0.40 0.41 0.30 0.35 0.35 0.34 0.35 0.34 0.35 0.31 0.30 0.43 0.37 0.36 0.38 0.37
0.35 0.37 0.21 0.29 0.28 0.28 0.28 0.19 0.27 0.15 0.26 0.38 0.32 0.28 0.30 0.31
0.39 0.41 0.31 0.34 0.32 0.33 0.33 0.31 0.33 0.27 0.34 0.45 0.39 0.34 0.35 0.35
0.41 0.35 0.20 0.30 0.29 0.28 0.27 0.25 0.31 0.24 0.23 0.36 0.33 0.31 0.38 0.39
0.37 0.38 0.15 0.31 0.30 0.30 0.28 0.24 0.29 0.21 0.23 0.37 0.33 0.30 0.33 0.34
0.43 0.42 0.38 0.42 0.42 0.43 0.44 0.41 0.45 0.42 0.42 0.43 0.39 0.43 0.40 0.39
0.48 0.47 0.45 0.49 0.47 0.48 0.49 0.47 0.48 0.46 0.44 0.48 0.45 0.47 0.43 0.42
0.44 0.42 0.41 0.40 0.40 0.40 0.43 0.44 0.45 0.42 0.41 0.41 0.40 0.41 0.40 0.38
0.46 0.45 0.42 0.43 0.42 0.42 0.43 0.41 0.46 0.41 0.43 0.42 0.42 0.43 0.44 0.45
0.37 0.38 0.15 0.31 0.30 0.29 0.29 0.24 0.30 0.21 0.24 0.37 0.33 0.30 0.33 0.34
0.34 0.35 0.15 0.29 0.28 0.27 0.26 0.23 0.28 0.19 0.23 0.38 0.33 0.27 0.31 0.31
0.38 0.34 0.29 0.22 0.23 0.22 0.22 0.29 0.36 0.29 0.29 0.36 0.33 0.23 0.33 0.33
0.34 0.32 0.26 0.17 0.13 0.16 0.13 0.29 0.34 0.26 0.27 0.38 0.32 0.12 0.31 0.31
0.34 0.36 0.18 0.27 0.27 0.26 0.27 0.22 0.26 0.19 0.21 0.38 0.32 0.26 0.30 0.31
0.19 0.32 0.43 0.39 0.40 0.40 0.40 0.40 0.43 0.38 0.39 0.39 0.34 0.39 0.38 0.36
0.28 0.34 0.36 0.34 0.34 0.36 0.34 0.37 0.31 0.36 0.35 0.28 0.34 0.33 0.30
1.27

0.36 0.35 0.35 0.35 0.33 0.35 0.36 0.33 0.36 0.34 0.27 0.33 0.31 0.29

2.09 2.04
2.24 2.07 1.27

0.26 0.25 0.24 0.25 0.23 0.28 0.18 0.21 0.37 0.32 0.26 0.29 0.29
0.18 0.18 0.19 0.30 0.34 0.27 0.29 0.37 0.34 0.19 0.33 0.33

On the taxonomic position of the enigmatic genus Tonkinodentus Schileyko, 1992...
18
22
23
24
25
26
27
28
29
30
31
32
33

Otostigmus
caraibicus
Otostigmus
rugulosus
Rhysida nuda
Scolopendra
morsitans
Scolopendra
cingulata
Scolopendra
subspinipes
Scolopendra viridis
Scolopocryptops
miersii
Scolopocryptops
sexspinosus
Sterropristes
violaceus
Theatops
erythrocephalus
Theatops posticus

19

20

21

22

2.04 1.93 1.14 0.55

23

24

25

26

27

28

29

30

31

155
32

33

0.16 0.17 0.29 0.35 0.27 0.27 0.38 0.33 0.15 0.33 0.31

2.09 1.98 1.09 0.61 0.49

0.18 0.27 0.34 0.25 0.27 0.37 0.32 0.17 0.33 0.31

2.20 1.87 1.14 0.66 0.54 0.60

0.29 0.35 0.25 0.27 0.38 0.33 0.16 0.34 0.32

1.98 1.93 0.98 1.65 1.47 1.41 1.47

0.27 0.17 0.26 0.36 0.32 0.29 0.31 0.30

2.50 2.17 1.64 2.23 2.03 2.03 2.08 1.48

0.23 0.31 0.37 0.33 0.36 0.32 0.35

1.82 1.76 0.65 1.32 1.14 1.09 1.09 0.54 1.10

0.23 0.35 0.29 0.28 0.28 0.28

2.31 2.10 0.76 1.60 1.36 1.41 1.36 1.20 1.76 0.87

0.40 0.32 0.27 0.30 0.31

2.22 2.06 2.71 2.80 2.71 2.76 2.71 2.48 3.01 2.37 2.76

0.29 0.39 0.34 0.34

1.55 1.33 1.93 2.24 2.04 2.10 2.04 1.71 2.01 1.60 1.93 1.50

0.31 0.28 0.28

2.09 1.82 1.36 0.66 0.43 0.60 0.60 1.47 2.20 1.25 1.41 2.71 1.93

0.31 0.29

1.94 1.66 1.93 2.08 1.88 1.99 1.93 1.71 2.18 1.60 1.93 2.34 1.61 1.77
1.65 1.49 1.71 1.79 1.54 1.60 1.65 1.54 2.28 1.49 1.76 2.22 1.44 1.49 0.83

0.20

