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Abstract

Based on several field investigations, many molluscan shells and chondrichthyan teeth,
together with other invertebrate and actinopterygian remains were found from the ma-
rine Bangkok Clay deposits in Ongkharak, Nakhon Nayok, at a depth of ~ 5-7 m be-
low the topsoil surface. Animal macrofossils recovered from these Holocene marine
deposits were identified and their chronological context was investigated in order to
reconstruct the paleoenvironments of the area at that time. The majority of marine fos-
sils recovered from the site consist of molluscs, with a total of 63 species identified.
Other invertebrate species include a stony coral, a mud lobster, barnacles, and a sea
urchin. The vertebrates are represented by fish remains, including carcharhinid shark
teeth from at least nine species, stingray and trichiurid teeth, and one sciaenid otolith.
The molluscan fauna indicates that the paleoenvironments of the area corresponded to
intertidal to sublittoral zones, where some areas were mangrove forests and intertidal
mudflats. The fish fauna is dominated by the river shark Glyphis, indicating freshwa-
ter influences and possibly occasional brackish conditions. The carbon-14 analysis of
mollusc and charcoal remains shows that deposition of the marine sediment sequence
began during the mid-Holocene, spanning approximately from 8,800 to 5,300 cal yr BP.
This study provides in-depth insights into the diversity of fishes, marine molluscs, and
other invertebrates from the Bangkok Clay deposits, supporting the existence of a ma-
rine transgression onto the Lower Central Plain of Thailand during the mid-Holocene.

Key words: carbon-14 dating, Chao Phraya River Basin, Chondrichthyes, marine trans-
gression, mollusc, paleoenvironment
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Introduction

The Holocene began approximately 11,700 years ago and belongs to one of
the interglacial periods. Prior to the Holocene, during the period of the Last Gla-
cial Maximum (LGM), the global climate was much colder and dryer and was
a period of significant landscape changes in many areas due to a lowered sea
level, approximately 120 m below the present-day stands (Clark et al. 2009).
During the Holocene, however, the climate became warmer, and the sea level
rose and inundated a previously emerged landmass. Southeast Asia is one of
the regions impacted by sea level inundations (Sathiamurthy and Voris 2006),
due in part to an increase in precipitation level after the cold and dry period
(Chabangborn 2017). Differences in climatic and environmental conditions be-
tween the Pleistocene and Holocene have therefore had impacts on the ecolog-
ical adaptations of both terrestrial and marine organismes, leading to dispersal,
migration, and extinction of species.

The Central Plain of Thailand is an important area where the topography and
climate changes were under the influence of a sea level rise starting at ~ 12
ka. The region covers the plains between the mountain ranges along the low-
er northern part of Thailand, including the Yom and Nan River basins, and the
low-lying plains of the Chao Phraya, Tha Chin, Mae Klong and Bang Pakong
River basins near the Gulf of Thailand (Sinsakul 2000). During the Holocene,
the Sing Buri Plain (5-15 m above mean sea level (amsl)) and the Bangkok
Lowland (0-5 m amsl), forming the Central plain of Thailand, were inundated
(Takaya 1969). Approximately 8—7 ka, the sea level was 2—-4 m higher than
present-day stands and inundated the whole lowland areas of Bangkok. Later,
the sea level subsided along with a new sedimentation regime and a new land-
mass started to develop, shaping the current coastal shorelines (Umitsu et al.
2002; Tanabe et al. 2003).
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The extent of marine intrusion into the Central Plain of Thailand during the Ho-
locene was largely interpreted based on various studies (e.g., geomorphological,
sedimentological, paleontological, palynological, and stratigraphical data as well
as carbon-14 dating of peat layers). These studies indicated that the ancient coast-
al shoreline of the Gulf of Thailand was located further north in Phra Nakhon Si
Ayutthaya Province during 7.3-6.5 ka (Jarupongsakul and Thiramongkol 1992).
The ancient coastal shoreline was also reconstructed based on a 4,500-year-old
coastal archaeological site in Chonburi Province (Boyd et al. 1996), open-pit min-
ing of clay deposits at a depth of 7 m under the ground surface in many provinces,
dated to ~ 8-7 ka (Songtham et al. 2007, 2015), and geological studies of coastal
berms in Chumporn and Prachuap Khiri Khan provinces, dated between 8.9-5.6 ka
and 6.5-6 ka, respectively (Nimnate et al. 2015; Surakiatchai et al. 2018).

In addition to the inference of ancient coastal shorelines during the Holocene,
studies on faunas and floras along the ancient coast of the Gulf of Thailand are
crucial to understand paleoenvironmental and palaeoecological changes in re-
sponse to climatic oscillations. The ancient coastal habitats occupied by these
animals are investigated based on the identification and dating of fossils (e.g.,
molluscs, arthropods, and vertebrates). According to accurate species-level
identification, microhabitats can be investigated based on comparisons be-
tween fossils and living species or related taxa. The paleoenvironments of the
area are also reconstructed based on the identification of various groups of
animals because each of them has a different mode of life in a specific habitat
(Negri 2009, 2012; Oliver and Terry 2019).

Marine faunas from the Holocene Bangkok Clay deposits of the Central Plain
of Thailand have infrequently been analysed in detail, and we identify the animal
macrofossils recovered from the clay pit of Ongkharak, Nakhon Nayok Province
in central Thailand (Fig. 1). We also date the Bangkok Clay sequence deposited
in the area, using a carbon-14 dating technique. Although the Bangkok Clay de-
posits have previously been described from some areas of Nakhon Nayok Prov-
ince (Songtham et al. 2007; Royal Irrigation Department 2009), the fauna and its
paleoenvironments have not yet been thoroughly studied and compared to other
sites from different regions (e.g., Negri 2009, 2012). This study not only fulfils
the gap regarding the paleoenvironments of the Gulf of Thailand during the Holo-
cene, but also illustrates the ancient coastlines in the eastern part of the Central
Plain of Thailand to some extent. The reconstruction of ancient coastlines and
paleoenvironments is crucial to advance the knowledge of archaeological con-
texts in terms of prehistoric human settlements and cultures, and probably help-
ful in forecasting changes in coastal ecosystems and environments in response
to sea level oscillations due to the present-day global warming situation.

Geological settings of the study area

The study area is located at the clay pit in Ban Lad Chang, Chumpon Subdis-
trict, Ongkharak District, Nakhon Nayok Province (13°59'30.9"N, 100°55'11.5"E)
in the Lower Central Plain of Thailand (Fig. 1), which is covered by the thick
marine deposits of the Chao Phraya River delta, also known as the Bangkok
Clay. These marine clay deposits have been dated between the Late Pleisto-
cene and Holocene (Cox 1968; Moh et al. 1969; Sinsakul 2000). The Bangkok
clay sequence comprises three main zones (Ohtsubo et al. 2000): 1) weathered
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Figure 1. Map of the lower central plain of Thailand (orange). A red star indicates the location of the study area.

clay with a thickness of 0—2 m in the uppermost part, 2) soft marine clay in the
middle part, and 3) medium stiff clay at the bottom. The Holocene Bangkok
Soft Clay in the middle part, with a thickness ranging from 10 to 20 m, is olive
grey and medium to dark grey in colour, indicating reducing environments (Sin-
sakul 2000; Choowong 2002; Tanabe et al. 2003). This Bangkok Soft Clay layer
is further divided into lower transgressive peaty (mangrove swamp) and upper
regressive deltaic sediments (Tanabe et al. 2003). Some marine shells and re-
mains of mangrove trees were found from this middle layer, indicating intertidal
and shallow sublittoral inner bay conditions, with local mangrove and freshwa-
terinfluences (Robba et al. 2002, 2003, 2004, 2007; Songtham et al. 2007; Negri
2009, 2012). This evidence supports the occurrence of a marine transgression
into the Central Plain of Thailand after the LGM (Songtham et al. 2015).

The rectangular mine is 1,000 m long x 400 m wide and 30 m deep. It was
opened to produce clay material used in construction sites. The active mining
operations of the clay pit allow us to have access to the stratigraphic sequence
of the Quaternary deposits of the area (Fig. 2). The topsoil (0.5—-1 m thick) con-
sists of coarse-grained sand with FeO grains and black mud nodules, underlain
by a 5 m thick layer of black clay and organic soil (dark layer) partially interbed-
ded with thin layers of silt to very fine-grained sand. Marine invertebrate and
vertebrate remains were only found from this organic-rich clay unit, also known
as the Bangkok Clay, which overlies the layers of Pleistocene stiff clay (Rau and
Nutalaya 1983). In this site, the Pleistocene stiff clay contains seven different
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Layer of coarse-grained sand with FeO grains and black mud
nodules (0.5-1 cm)

5899-5318 cal yr BP
(D-AMS 044190, 044191, 044193)  Layer of black clay and

. 7166-6983 cal yr BP organic soil together

¥ (D-AMS 044195) with some layers of sit to
very fine-grained

77 7901-7510 cal yr BP (D-AMS 044194) sand sediments

17 87848600 cal yr BP (D-AMS 044192)

Reddish brown lateritic soil layer

Layer of yellowish brown clay to silt-sized sediments with burrows
(roots)

Layer of reddish brown clay to silt-sized sediments with shell
fragments

Layer of purplish clay to sand-sized sediments

Layer of greyish clay to sand-sized sediments

Reddish brown lateritic layer with pale pink and white spots of
weathering soil widely distributed within this layer

Thick layer of yellowish grey clay to silt-sized sediments

Figure 2. The study area and the sediment profile of the clay pit A the clay pit of Ongkharak, Nakhon Nayok Province in
central Thailand B the Bangkok clay layer bearing numerous in situ complete shells of Placuna placenta C Shells of a
bivalve Anadara inaequivalvis buried in situ in the Bangkok clay deposits D lithological profile of the clay pit E the contact
between two successive layers: coarse-grained sand (upper) and black clay (lower) F the contact between three suc-
cessive layers: black clay (upper), lateritic soil (middle), and yellowish brown clay to silt (lower) G the contact between
two successive layers: purplish (upper) and greyish (lower) clay to sand H the contact between two successive layers:
greyish clay to sand (upper) and reddish brown lateritic layer (lower).
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lithological units from the top to bottom of the pit: 1) reddish brown lateritic
soil (1 m thick), 2) yellowish brown clay to silt-sized sediments with root-trace
burrows (4 m thick), 3) reddish brown clay to silt-sized sediments with shell
fragments (4 m thick), 4) purplish clay to sand-sized sediments (1 m thick), 5)
greyish clay to sand-sized sediments (2 m thick), 6) reddish brown lateritic soil
with pale pink and white spots of weathering soil (3 m thick), and 7) yellowish
grey clay to silt-sized sediments (5 m thick), respectively (Fig. 2).

The Bangkok clay layer at the clay pit of Ongkharak has yielded nearly in situ
fossil deposits as indicated by preservation of complete shells with both valves
attached (Fig. 2C) as well as the orientation of shell valves of Pholas orientalis,
which has been recovered in natural position within its burrows during field
collection (see also Songtham et al. 2007: fig. 3). Although remains of marine
molluscs were found throughout the sequence of dark clay deposits, they were
most abundant in the middle part of the layer (Fig. 2D-F), at a depth of ~2 m
below the upper contact that separates it from the topsoil. Numerous wood
fragments, plant remains, and giant oyster shells were found from the lower
part of the dark clay unit below the shell-rich layer.

Materials and methods

Species identification of specimens is mainly based on the existing literature
specified under the treatment of each taxon. The specimens are kept at the De-
partment of Geology, Faculty of Science, Chulalongkorn University, and coded
as the name of the collection (CUF: Chulalongkorn fossil collection), followed by
the locality (NKNY: Nakhon Nayok) and the catalogue number. Fish remains in-
cluding teeth and otolith as well as some small shells were photographed with a
scanning electron microscope (SEM; JEOL, JSM-5410 LV) or a Leica M205C ste-
reo light microscope with fusion optics and the Leica Application Suite Image
System. L and R designate left and right valves of bivalve shells, respectively.

We selected six samples (shells and charcoal) collected from the marine
clay deposits at different depths in the clay pit for carbon-14 dating (Table 1).
The samples were pretreated and analysed at the DirectAMS (USA), using an
accelerated mass spectrometer (AMS). According to the convention outlined
by Stuiver and Polach (1977), the '“C age * one standard deviation (SD) was
calculated using the Libby half-life of 5,568 years and an isotopic fractionation
correction based on 6°C measurements obtained from the AMS. The Direct-
AMS results were calibrated and corrected for the marine reservoir effect, using
the Calib 8.2 program with IntCal20.14c for charcoal (Reimer et al. 2020) and
with Marine20 (Heaton et al. 2020) for shells.

Table 1. AMS C ages of shells and charcoal collected from the clay pit of Ongkharak in Nakhon Nayok, central Thailand.

Lab Code

D-AMS 044190
D-AMS 044191
D-AMS 044193
D-AMS 044195
D-AMS 044194
D-AMS 044192

Sample type

Depths (m) below the uppermost Calibrated '“C (2-sigma)

part of a marine clay layer 1“C age (yr BP) age (cal yr BP)
Shell (Tellinides conspicuus) 2.2 5303 + 26 5882-5464
Shell (Pholas orientalis) 2.2 5202 + 28 5757-5318
Charcoal 2.2 5047 + 26 5899-5726
Charcoal 3.4 6186 + 29 7166-6983
Shell (Magallana cf. gigas) 4 7241 £ 32 7901-7510
Charcoal 4.6 7913 £26 8784-8600
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Results

The ages of the Bangkok Clay deposits in the clay pit of Ongkharak range
from 8,784 calibrated years before the present (cal yr BP) to 5,318 cal yr BP
(mid-Holocene) based on the radiocarbon dating of several shell and charcoal
fragments collected along the stratigraphic section of the layer (Table 1). The
majority of marine faunas are molluscs, where a total of 63 species were iden-
tified, including 35 gastropod species from 20 families, 27 bivalve species from
15 families, and one scaphopod species. The most common gastropods are
Architectonica perdix, Natica stellata, and Indothais lacera, whereas the most
common bivalves are Corbula fortisulcata, Magallana cf. gigas, and Joannisi-
ella oblonga. Other invertebrate remains include one species of stony corals
(Oulangia cf. stokesiana), one unidentified species of mud lobsters (Thalassina
sp.), two species of barnacles (Fistulobalanus kondakovi and Megabalanus cf.
tintinnabulum), and one species of sea urchins (Temnotrema siamense).

The vertebrate remains include at least nine species (two families) of chon-
drichthyan fishes and at least two species (two families) of actinopterygian
taxa. Altogether, 100 cartilaginous fish fossils were recovered, including 97
remains identified as belonging to the family Carcharhinidae and three to the
family Dasyatidae. The teeth of the latter belong to the stingray genus Pastina-
chus. Among the carcharhinids, the genus Glyphis dominates the shark fauna
(61%). There are also at least six species of Carcharhinus, representing 26% of
the shark fauna. The accurate identification of Carcharhinus species is often
hindered by the preservation of teeth or by the morphological similarities of
tooth positions among these taxa. A few teeth among the carcharhinids belong
to the genus Scoliodon. Few actinopterygian remains were also found, includ-
ing three teeth that belong to the family Trichiuridae and one sciaenid otolith
that represents the genus Johnius.

Systematic palaeontology

Phylum Cnidaria

Class Anthozoa Ehrenberg, 1834
Subclass Hexacorallia Haeckel, 1896
Order Scleractinia Bourne, 1900

Family Rhizangiidae d'Orbigny, 1851
Oulangia Milne Edwards & Haime, 1848

Oulangia cf. stokesiana Milne Edwards & Haime, 1848
Figs 3A, 5A

cf. Oulangia stokesiana Milne Edwards & Haime, 1848: pl. 7, fig. 4, 4a. Type
locality: Philippines. Milne Edwards and Haime 1849: 183. Lam et al. 2008:
742, fig. 4e.

cf. Oulangia stokesiana stokesiana. Cairns et al. 1999: 39.

Referred material. CUF-NKNY-007 (1 specimen; Figs 3A, 5A).
Habitat. Shallow waters as well as in submarine caves (Lam et al. 2008).
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Distribution. Indian Ocean; Indo-West Pacific, from Japan to the Philippines,
and central Pacific (Cairns et al. 1999; Lam et al. 2008).

Taxonomic remarks and comparisons. This specimen is classified into the
genus Oulangia based on the descriptions and figures of Cairns and Kitahara
(2012) and Baron-Szabo and Cairns (2016). We tentatively identify this speci-
men as belonging to O. stokesiana according to Lam et al. (2008).

Phylum Mollusca

Class Gastropoda Cuvier, 1795

Subclass Vetigastropoda Salvini-Plawen, 1980
Order Trochida Cox & Knight, 1960
Superfamily Trochoidea Rafinesque, 1815
Family Colloniidae Cossmann, 1917
Homalopoma Carpenter, 1864

Homalopoma cf. sangarense (Schrenck, 1861)
Figs 3F, 5B

cf. Turbo sangarensis Schrenck, 1861: 409-410. Type locality: the Sangaric
strait near the shore of the island of Jesso [Sangar (Tsugaru) Strait, Hako-
date Bay, Hokkaido, Japan].

cf. Homalopoma sangarense. Habe 1958: 5, pl. 2, fig. 1. Golikov and Kussakin
1978: 65-66, fig. 40a, b. Egorov 2000: 66, with in-text fig. Kantor and Sysoev
2006: 42, pl. 18h. Lebedev 2014: 57.

Referred material. CUF-NKNY-G24 (1 shell; Figs 3F, 5B).

Habitat. On silty-sandy or rarely on rocky substrates at a depth from 2 to 22
m (Egorov 2000; Kantor and Sysoev 2006).

Distribution. Sea of Japan and southern Kuril Islands (Kantor and Sysoev
2006; Lebedev 2014).

Record in Thailand. This is the first record of this species in Thailand.

Taxonomic remarks and comparisons. Although there is only one incom-
plete specimen, it is tentatively identified as H. sangarense based on shell size
and shape and several strong spiral cords on the surface as in the descriptions
and figures in Habe (1958), Golikov and Kussakin (1978), and Egorov (2000).

Subclass Neritimorpha Golikov & Starobogatov, 1975
Order Cycloneritida Fryda, 1998

Superfamily Neritoidea Rafinesque, 1815

Family Neritidae Rafinesque, 1815

Neripteron Lesson, 1831

Neripteron violaceum (Gmelin, 1791)
Figs 3B, 5C

Nerita violacea Gmelin, 1791: 3686. Type locality: unknown.
Neritina violacea. Tantanasiriwong 1978: 6, fig. 52. Nateewathana et al. 1981:
56. Wilson 1993: 41, pl. 2, figs 18a, b, 19a—d. Hylleberg and Kilburn 2003: 31.
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Robba et al. 2004: 24-25, pl. 2, fig. 5a, b. Robba et al. 2007: 89 (appendix).
Printrakoon et al. 2008: table 1. Tan and Clements 2008: 490-491, fig. 3-33,
3-34. Nabhitabhata 2009: 39. Sanpanich and Duangdee 2013: 53. Ng et al.
2016: fig. 1-28. Yang et al. 2017: 20, fig. 75. Tudu et al. 2018: table 1.

Dostia violacea. Way and Purchon 1981: 314. Subba Rao and Dey 2000: 35. Sri-
aroon et al. 2004: table 1, fig. 2-1. Dechruksa et al. 2014: fig. 2k.

Neripteron violacea. Swennen et al. 2001: 52, 108, text-fig. 275, fig. 275.

Neritina (Dostia) violacea. Gemert 2003: 103. Sri-aroon et al. 2005: tables 2, 3,
5, 6. Dey 2006: 22, figs 11, 12. Ramakrishna et al. 2007: 5, 37. Kesavan et al.
2009: 382, with in-text fig. Eichhorst 2016: 392-395, pl. 102, figs 1-15.

Neritina (Neripteron) violacea. Thach 2005: 38, pl. 6, figs 8, 9.

Neripteron violaceus. Eichhorst 2008: 268, pl. 79, fig. 7a, b.

Neripteron violaceum. Baharuddin et al. 2017: fig. 30. BEDO 2017b: 97, with in-
text fig. Kantharajan et al. 2017: table 1, fig. 4-34. Yadav et al. 2019: table 2,
fig. Th. Mustapha et al. 2021: 52-53, figs 3e, f, 4i. Wells et al. 2021: 154-155.

Referred material. CUF-NKNY-G26 (28 shells; Figs 3B, 5C).

Habitat. On Nipa palms, muddy surfaces, old wood and rocks in brackish
habitats and mangrove forests (Swennen et al. 2001; Mustapha et al. 2021) as
well as on gravels in high tidal zones (Yang et al. 2017).

Distribution. India (Kantharajan et al. 2017; Yadav et al. 2019); Indo-West
Pacific, from Japan to Australia (Wilson 1993; Yang et al. 2017).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. The shell of N. violaceum is highly similar
to that of N. cornucopia (Benson, 1836) but differs in having a purple to orangish red
ventral side, and denticulations along the columellar edge often only present in the
central part (Huang 1997; Tan and Clements 2008). Although the columella edge
of the specimens is corroded, there are still some traces of purple colour at the ven-
tral side. Therefore, these specimens are identified as belonging to N. violaceum.

Nerita Linnaeus, 1758

Nerita articulata Gould, 1847
Figs 3C, 5D

Nerita lineata Gmelin, 1791: 3684 [junior homonym of Nerita lineata Miiller,
1774]. Type locality: Strait of Malacca. Way and Purchon 1981: 314. Hylle-
berg and Kilburn 2003: 29-30. Yang et al. 2017: 20, fig. 67.

Nerita (Ritena) lineata. Cernohorsky 1972: 51, pl. 11, fig. 5.

Nerita articulata Gould, 1847: 220. Type locality: Tavoy. Wium-Andersen 1977:
5, fig. 8. Tantanasiriwong 1978: 6, fig. 42. Nateewathana et al. 1981: 56. Tan
and Clements 2008: 483-485, fig. 2-3, 2-4. Nabhitabhata 2009: 36. Hamli et
al. 2013: tables 2, 3, fig. 2g. Tudu et al. 2018: table 1.

Nerita balteata Reeve, 1855: pl. 6, fig. 28. Type locality: unknown. Wilson 1993:
40, pl. 2, fig. 9a, b. Nateewathana 1995: 95, with in-text fig. Nabhitabhata
2009: 36. Sanpanich and Duangdee 2013: 53. Chen et al. 2015: 75, fig. 1a—c.
BEDO 2017b: 99, with in-text fig. Kantharajan et al. 2017: table 1, fig. 4-36.
Tudu et al. 2018: table 1. Raven 2019: figs 4-6. Yadav et al. 2019: table 2, fig.
Ti. Mustapha et al. 2021: 48, figs 2m, n, 4g. Wells et al. 2021: 155.
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10 mm

Figure 3. Size comparison of coral and gastropods found in this study A Oulangia cf. stokesiana B Neripteron violaceum
C Nerita articulata D Natica stellata E Natica vitellus F Homalopoma cf. sangarense G Eunaticina papilla H Ergaea walshi
| Pirenella incisa J Scalptia scalariformis K Telescopium telescopium L Merica elegans M Cerithidea obtusa N Bufonaria
rana O Nassarius micans P Nassarius siquijorensis Q Paratectonatica tigrina.
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Nerita (Ritena) balteata. Cernohorsky 1978: 42, pl. 11, fig. 1. Dharma 2005: 68,
pl. 9, fig. 3a, b.

Nerita (Amphinerita) articulata. Subba Rao and Dey 2000: 31. Dey 2006: 20, figs 7, 8.

Nerita (Nerita) articulata. Sri-aroon et al. 2004: table 1.

Nerita (Theliostyla) balteata. Thach 2005: 37, pl. 6, figs 36, 37.

Nerita balteata forma articulata. Eichhorst 2008: 280, pl. 85, fig. 1a, b.

Nerita (Cymostyla) balteata. Eichhorst 2016: 455-457, pl. 113, figs 1-9.

Referred material. CUF-NKNY-G61 (3 shells; Figs 3C, 5D).

Habitat. On tree trunks, branches, roots and on muddy banks and rocky ar-
eas or near mangrove forests (Tan and Clements 2008; Mustapha et al. 2021)
as well as on rocks in intertidal zones (Yang et al. 2017).

Distribution. India (Kantharajan et al. 2017; Yadav et al. 2019); Indo-West
Pacific, from China to Australia (Wilson 1993; Yang et al. 2017). Also reported
from the Hawaiian Islands (Cernohorsky 1978).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised by numer-
ous raised spiral cords and a crenulated outer lip (Tan and Clements 2008).
Although this species is widely known as N. balteata Reeve, 1855, the name
N. articulata was made available earlier by Gould (1847). Thus, it has a priority
over N. balteata.

Subclass Caenogastropoda Cox, 1960

Cohort Sorbeoconcha Ponder & Lindberg, 1997
Subcohort Cerithiimorpha Golikov & Starobogatov, 1975
Superfamily Cerithioidea Fleming, 1822

Family Potamididae H. Adams & A. Adams, 1854
Cerithidea Swainson, 1840

Cerithidea obtusa (Lamarck, 1822)
Figs 3M, 5E

Cerithium obtusum Lamarck, 1822: 71. Type locality: Timor.

Cerithidea obtusa. Cernohorsky 1972: 60 (in part). Tantanasiriwong 1978: 7, fig.
70. Nateewathana et al. 1981: 57. Way and Purchon 1981: 315. Nateewatha-
na 1995: 97, with in-text fig. Poutiers 1998b: 450, with in-text figs. Gemert
2003: 104. Hylleberg and Kilburn 2003: 37-38. Robba et al. 2004: 31-32,
pl. 3, fig. 4a, b. Dharma 2005: 92, pl. 21, fig. 8; 308, pl. 119, fig. 8a, b. Thach
2005: 49, pl. 10, fig. 4. Dey 2006: 35-36, figs 38—40. Robba et al. 2007: 89
(appendix). Printrakoon et al. 2008: table 1. Kesavan et al. 2009: 382, with
in-text fig. Hamli et al. 2013: tables 2, 3, fig. 2a. Dechruksa et al. 2014: fig. 2f.
Reid 2014: 27-29, 31, figs 2b, 8, 9. BEDO 2017b: 26, with in-text fig. Tudu et
al. 2018: table 1. Wells et al. 2021: 125-126.

Cerithidea (Cerithidea) obtusa. Brandt 1974: 192-193, pl. 14, fig. 52. Houbrick
1984: 15-16, fig. 5c. Sri-aroon et al. 2004: table 1, fig. 3-1. Sri-aroon et al.
2005: tables 2—-6. Ramakrishna et al. 2007: 6, 47. Nabhitabhata 2009: 95.

Referred material. CUF-NKNY-G14 (23 shells; Figs 3M, 5E).
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Figure 4. Size comparison of gastropods found in this study A Brunneifusus ternatanus B Murex trapa C Indothais lacera
D Pristiterebra miranda E Chicoreus capucinus F Indothais gradata G Ellobium aurisjudae H Inquisitor vulpionis | Turricula
javana J Architectonica perdix K Pseudoneptunea varicosa L Cassidula nucleus M Pseudoetrema fortilirata N Paradrillia
melvilli O Duplicaria tricincta P Granuliterebra bathyrhaphe Q Comitas ilariae R Cylichna modesta S Maoritomella vallata.
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Figure 5. Coral and gastropods A Oulangia cf. stokesiana B Homalopoma cf. sangarense C Neripteron violaceum D Nerita
articulata E Cerithidea obtusa F Pirenella incisa G Telescopium telescopium.

Habitat. On firm mud and on trunks and stilt roots in mangrove forests as
well as in fully marine and estuarine areas (Reid 2014).

Distribution. Bay of Bengal; Indo-West Pacific, from southern Vietnam to
Java and East Borneo (Reid 2014). Records of fossils from the Late Pliocene in
Central and West Java, Indonesia, and from the Holocene in Thailand (Robba et
al. 2004; Dharma 2005).
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Record in Thailand. Chanthaburi River, Gulf of Thailand and Andaman Sea
(Nabhitabhata 2009; Wells et al. 2021).

Taxonomic remarks and comparisons. This species has a more thickened
and flared aperture compared to two similar species, Cerithidea anticipata Ire-
dale, 1929 and C. reidi Houbrick, 1986. These two species are also common in
Sahul (New Guinea and Australia), whereas C. obtusa is present in Sunda (Reid
2014). See also comprehensive taxonomic remarks in Reid (2014).

Pirenella Gray, 1847

Pirenella incisa (Hombron & Jacquinot, 1848)
Figs 3I, 5F

Cerithium incisum Hombron & Jacquinot, 1848: 97, pl. 23, figs 8, 9. Type locality:

Borneo.

Cerithidea (Cerithideopsilla) djadjariensis [non Martin]. Sri-aroon et al. 2004: ta-
ble 1, fig. 2-7.

Cerithideopsilla djadjariensis [non Martin]. Lozouet 2008: 284, pl. 87, fig. 9; pl.
88, fig. 2.

Pirenella incisa. Reid and Ozawa 2016: 30-32, figs 1, 2g, h, 4i, 10, 11a. Zvonare-
va and Kantor 2016: 415, fig. 5a—d. BEDO 2017b: 28, with in-text fig. Wells et
al. 2021: 126.

Referred material. CUF-NKNY-G10 (47 shells; Figs 3, 5F).

Habitat. On damp mud in mangrove forests. Also found on open surface
areas of intertidal mudflats and on muddy shores of shrimp ponds (Reid and
Ozawa 2016; Zvonareva and Kantor 2016).

Distribution. East India; Indo-West Pacific, from southern China, the Philip-
pines to West Sulawesi, and Flores Island (Reid and Ozawa 2016).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from the other
two similar species, Pirenella pupiformis Ozawa & Reid, 2016 and P. caiyingyai
(Qian, Fang & He, 2013), by the presence of an almost columnar appearance, a
more oblique and more flared aperture with the projection of a lip next to a deep
anterior canal, and three equal cords on each spire whorl with strong square
nodules on axial ribs (Reid and Ozawa 2016). See comprehensive taxonomic
remarks in Reid and Ozawa (2016).

Telescopium Montfort, 1810

Telescopium telescopium (Linnaeus, 1758)
Figs 3K, 5G

Trochus telescopium Linnaeus, 1758: 760. Type locality: unknown.

Telescopium telescopium. Tesch 1920: 58-59, pl. 132, fig. 191. Cernohorsky
1972: 61, pl. 13, fig. 6. Brandt 1974: 196, pl. 15, fig. 61. Tantanasiriwong
1978: 7, fig. 69. Nateewathana et al. 1981: 57. Way and Purchon 1981: 315.
Houbrick 1991:291-304, figs 1-6. Wilson 1993: 133, pl. 15, fig. 21. Bosch et
al. 1995: 56-57, fig. 186. Nateewathana 1995: 97-98, with in-text fig. Pout-
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iers 1998b: 451, with in-text figs. Subba Rao and Dey 2000: 53. Swennen et
al. 2001: 52, 111-112, with in-text fig., fig. 295. Hylleberg and Kilburn 2003:
38. Sri-aroon et al. 2004: table 1, fig. 3-3. Dharma 2005: 92, pl. 21, fig. T,
308, pl. 119, fig. 4. Thach 2005: 45, pl. 9, figs 4, 7. Dey 2006: 31-32, figs
29-32. Ramakrishna et al. 2007: 48-49. Lozouet 2008: 284, pl. 87, figs 1,
3. Printrakoon et al. 2008: table 1. Kesavan et al. 2009: 382, with in-text fig.
Nabhitabhata 2009: 97. Hamli et al. 2013: tables 2, 3, fig. 2e. Sanpanich and
Duangdee 2013: 54. Dechruksa et al. 2014: fig. 2h. BEDO 2017b: 29, with in-
text fig. Kantharajan et al. 2017: table 1, fig. 3-18. Okutani 2017: 797, pl. 63,
fig. 11. Yang et al. 2017: 28, fig. 109. Tudu et al. 2018: table 1. Yadav et al.
2019: table 2, fig. 1o0. Palanisamy et al. 2020: 2, fig. Ta—d. George et al. 2021:
1532, fig. 2a, b. Wells et al. 2021: 126.

Referred material. CUF-NKNY-G64 (2 shells; Figs 3K, 5G).

Habitat. On muddy floors of mangrove forests and intertidal mud flats (Pout-
iers 1998b; Okutani 2017).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to India (Poutiers
1998b; Okutani 2017; Palanisamy et al. 2020). Records of fossils from the Mio-
cene to Quaternary in Indonesia (Tesch 1920; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised by its
high conical spire with a broad, rather flat base, and a twisted columella with a
strong and central spiral ridge (Houbrick 1991; Poutiers 1998b).

Subcohort Hypsogastropoda Ponder & Lindberg, 1997
Superfamily Naticoidea Guilding, 1834

Family Naticidae Guilding, 1834

Eunaticina Fischer, 1885

Eunaticina papilla (Gmelin, 1791)
Figs 3G, 6A

Nerita papilla Gmelin, 1791: 3675. Type locality: Tranquebar [Tharangambadi,
Tamil Nadu, India].

Eunaticina papilla. Cernohorsky 1971:201-202, fig. 69. Cernohorsky 1972: 102,
pl. 27, fig. 5. Tantanasiriwong 1978: 11, fig. 151. Nateewathana et al. 1981:
58. Way and Purchon 1981: 317. Majima 1989: 68-69, pl. 10, fig. 16, text-figs
15.36,23.1a—d. Wilson 1993: 223, pl. 36, fig. 7. Bosch et al. 1995: 87, fig. 326.
Swennen et al. 2001: 54, 122, fig. 378. Gemert 2003: 105. Hylleberg and Kil-
burn 2003: 56. Beu et al. 2004: 206, 208-211, fig. 22d—f, h. Robba et al. 2004:
75-76, pl. 9, fig. 7a, b. Dharma 2005: 176, pl. 63, fig. 25a—d; 342, pl. 136, fig.
12a, b. Ramakrishna et al. 2007: 9, 69-70. Robba et al. 2007: 91 (appendix).
Hollmann 2008: 500, pl. 195, figs 1, 2. Nabhitabhata 2009: 123. Beu 2010:
152, fig. 21a. Torigoe and Inaba 2011: 55-56, pl. 2, fig. 17. Gopalakrishnan et
al. 2012: 73. Oztiirk and Bitlis 2013: 7, with in-text fig. Sanpanich and Duang-
dee 2013: 56. BEDO 2017b: 159, with in-text fig. Okutani 2017: 862, pl. 148,
fig. 6. Yang et al. 2017: 52, fig. 215. Tudu et al. 2018: table 1. Albano et al.
2021: 12, fig. 5. Wells et al. 2021: 82.

Eunaticina papilla papilla. Thach 2005: 90, pl. 26, figs 3, 5.
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Referred material. CUF-NKNY-G19 (5 shells; Figs 3G, 6A).

Habitat. Fine sandy bottoms in intertidal zones down to 30 m depth (Robba
et al. 2004; Okutani 2017).

Distribution. Red Sea to Indian Ocean; Indo-West Pacific, from Japan to Aus-
tralia and Fiji Islands (Robba et al. 2004; Okutani 2017), as well as the Israeli
Mediterranean shelf (Albano et al. 2021). Several records of fossils during the
Late Miocene to Holocene in Indonesia, Japan, Taiwan, and Thailand (Beu et al.
2004; Robba et al. 2004; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised by a regu-
larly oval shell with a small spire and a large body whorl with low and wide spiral
cords, which are broader than their interspaces and crossed by prominent axial
ridges (Oztiirk and Bitlis 2013). See also comprehensive taxonomic remarks in
Beu et al. (2004).

Natica Scopoli, 1777

Natica stellata Hedley, 1913
Figs 3D, 6B

Natica stellata Hedley, 1913: 299-300. Type locality: unknown. Cernohorsky
1972: 94-95, pl. 24, fig. 6. Wilson 1993: 217, pl. 36, fig. 24. Poutiers 1998b:
513, with in-text figs. Robba et al. 2004: 71, pl. 9, fig. 2a, b. Dharma 2005:
176, pl. 63, fig. 18. Robba et al. 2007: 91 (appendix). Hollmann 2008: 492, pl.
191, figs 9, 10a, b. Nabhitabhata 2009: 125. Torigoe and Inaba 2011: 76-77.
Mukhopadhyay et al. 2013: 152-153, fig. 6. Sanpanich and Duangdee 2013:
57. Okutani 2017: 862, pl. 149, fig. 7. Wells et al. 2021: 83.

Natica (Natica) stellata. Cernohorsky 1971: 176-177, figs 6, 8-13.

Referred material. CUF-NKNY-GO05 (126 shells; Figs 3D, 6B).

Habitat. Sandy gravel bottoms in sublittoral zones down to 20 m depth (Hol-
Imann 2008; Okutani 2017).

Distribution. Indo-West Pacific, from Japan to Australia (Cernohorsky 1972; Wil-
son 1993; Okutani 2017). Probably present in the Indian Ocean (Poutiers 1998b).
Records of fossils from the Holocene in central Thailand (Robba et al. 2003, 2004).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Natica vitellus, in having a parietal callus forming a tongue-shaped ex-
tension over the posterior part of the umbilicus (Cernohorsky 1971). See also
comprehensive taxonomic remarks in Cernohorsky (1971).

Natica vitellus (Linnaeus, 1758)
Figs 3E, 6C

Nerita vitellus Linnaeus, 1758: 776. Type locality: Asiatic Ocean.

Natica vitellus. Tesch 1920: 70-71, pl. 132, fig. 2074, b. Cernohorsky 1972: 94, pl.
24, fig. 5. Tantanasiriwong 1978: 11, fig. 141. Nateewathana et al. 1981: 58. Way
and Purchon 1981: 317. Majima 1989: 74-76, pl. 10, figs 1-12, text-figs 4.1,
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15.38. Wilson 1993: 217, pl. 36, fig. 28. Bosch et al. 1995: 87, fig. 322. Poutiers
1998b: 515, with in-text figs. Subba Rao and Dey 2000: 78. Swennen et al. 2001:
54,121, fig. 371. Hylleberg and Kilburn 2003: 57. Robba et al. 2003: table 5. Rob-
ba et al. 2004: 71-73, pl. 9, fig. 3a, b. Dharma 2005: 176, pl. 63, fig. 17; 342, pl.
136, fig. 5a, b. Ramakrishna et al. 2007: 8, 67. Robba et al. 2007: 91 (appendix).
Hollmann 2008: 492, pl. 191, fig. 7. Nabhitabhata 2009: 125. Torigoe and Inaba
2011: 69-70. Sanpanich and Duangdee 2013: 57. BEDO 2017b: 162, with in-text
fig. Okutani 2017: 862, pl. 149, fig. 4. Yang et al. 2017: 56, fig. 230. Harzhauser
etal. 2018: 7- 8, pl. 1, figs 7-15. Tudu et al. 2018: table 1. Wells et al. 2021: 83.

Natica (Natica) vitellus. Cernohorsky 1971: 173-174, 176, figs 2—5. Ladd 1982:
39, pl. 6, fig. 7.

Natica vitellus vitellus. Thach 2005: 86, pl. 26, fig. 8.

Referred material. CUF-NKNY-G04 (5 shells; Figs 3E, 6C).

Habitat. Fine sandy or muddy bottoms in intertidal zones down to ~ 120 m
depth (Robba et al. 2004); in clean coral-sand pockets and weedy-sand lagoons
(Cernohorsky 1971).

Distribution. Persian Gulf to Indian Ocean; Indo-West Pacific, from Japan to
Australia (Bosch et al. 1995; Poutiers 1998b; Okutani 2017). Several records of
fossils from the Early Miocene to Holocene in India, Indonesia, Japan, Malay-
sia, Myanmar, the Philippines, Polynesia, Taiwan, Vanuatu, and Thailand (Ladd
1982; Robba et al. 2004; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its simi-
lar species, Natica stellata, in lacking a tongue-shaped extension of a parietal
callus over the posterior part of the umbilicus (Cernohorsky 1971). See also
comprehensive taxonomic remarks in Cernohorsky (1971).

Paratectonatica Azuma, 1961

Paratectonatica tigrina (Roding, 1798)
Figs 3Q, 6D

Cochlis tigrina Roding, 1798: 147. Type locality: unknown.

Natica tigrina. Tantanasiriwong 1978: 11, fig. 142. Nateewathana et al. 1981:
58. Dheeradilok et al. 1984: pl. 3, figs 9, 10. Wilson 1993: 217, pl. 36, fig. 10.
Nateewathana 1995: 98, with in-text fig. Poutiers 1998b: 514, with in-text
figs. Swennen et al. 2001: 54, 121, fig. 369. Hylleberg and Kilburn 2003: 57.
Dharma 2005: 176, pl. 63, fig. 14. Ramakrishna et al. 2007: 8, 66-67, pl. 4,
figs 45, 46. Nabhitabhata 2009: 125. Okutani 2017: 864, pl. 150, fig. 10. Yang
et al. 2017: 56, fig. 229. Surakiatchai et al. 2018: table 5, pl. 1, fig. 63, b.

Paratectonatica tigrina. Majima 1989: pl. 14, fig. 18. Robba et al. 2003: tables
2-5. Robba et al. 2004: 73, pl. 9, fig. 4a, b. Robba et al. 2007: 91 (appendix).
Torigoe and Inaba 2011: 101-102, pl. 3, fig. 30. Kang et al. 2018: 357-358,
360, fig. 4.

Tectonatica tigrina. Thach 2005: 87, pl. 26, fig. 24.

Notocochlis tigrina. Gopalakrishnan et al. 2012: 73. Sanpanich and Duangdee
2013: 57. BEDO 2017b: 165, with in-text fig. Tudu et al. 2018: table 1. Yadav
et al. 2019: table 2, fig. 1Ta. Wells et al. 2021: 84.
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Figure 6. Gastropods A Eunaticina papilla B Natica stellata C Natica vitellus D Paratectonatica tigrina E Ergaea walshi
F Bufonaria rana G Merica elegans H Scalptia scalariformis.
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Referred material. CUF-NKNY-GO03 (70 shells; Figs 3Q, 6D).

Habitat. Sandy mud in intertidal zones down to 30 m depth (Thach 2005;
Okutani 2017).

Distribution. India (Yadav et al. 2019); Indo-West Pacific, from Japan to Aus-
tralia (Wilson 1993; Poutiers 1998b; Okutani 2017). Records of fossils from the
Late Miocene to Quaternary in Indonesia and from the Quaternary in Thailand
(Robba et al. 2003, 2004; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised by its tall-
spired shell with deeply impressed sutures and spiral rows of reddish-brown
spots on a white background (Poutiers 1998b; Robba et al. 2004).

Superorder Latrogastropoda Riedel, 2000
Superfamily Calyptraeoidea Lamarck, 1809
Family Calyptraeidae Lamarck, 1809
Ergaea H. Adams & A. Adams, 1854

Ergaea walshi (Reeve, 1859)
Figs 3H, 6E

Crepidula walshi Reeve, 1859: Crepidula, pl. 3, sp. 17. Type locality: Singapore;
Ceylon [Sri Lanka]. Tantanasiriwong 1978: 9. Bosch et al. 1995: 69, fig. 230.
Subba Rao and Dey 2000: 64. Swennen et al. 2001: 54, 117, text-fig. 344, fig.
344. Gemert 2003: 104. Robba et al. 2003: tables 3-5. Robba et al. 2004:
66-67, pl. 8, fig. 8a, b. Ramakrishna et al. 2007: 7, 55-56. Robba et al. 2007:
91 (appendix).

Ergaea walshi. Nateewathana et al. 1981: 57. Nabhitabhata 2009: 109. Low and
Tan 2014: 11-13, fig. 1. BEDO 2017b: 117, with in-text fig. Tudu et al. 2018:
table 1. Wells et al. 2021: 75.

Crepidula walshii [sic]. Way and Purchon 1981: 316.

Siphopatella walshi. Hylleberg and Kilburn 2003: 47. Sanpanich and Duangdee
2013: 55. Okutani 2017: 838, pl. 114, fig. 3. Yang et al. 2017: 32, fig. 117.

Crepidula (Siphopatella) walshi. Dharma 2005: 78, pl. 14, fig. 13a, b; 342, pl. 136,
fig. 15a, b.

Crepidula (Ergaea) walshi. Thach 2005: 66, pl. 10, fig. 27.

Referred material. CUF-NKNY-G25 (10 shells; Figs 3H, 6E).

Habitat. Attached to the aperture of other shelled marine organisms, in intertidal
zones down to 40 m depth (Robba et al. 2004; Thach 2005; Low and Tan 2014).

Distribution. Persian Gulf; Indo-West Pacific, from Japan to the Arafura Sea
(Robba et al. 2004; Okutani 2017). Several records of fossils from the Late Mio-
cene to Holocene in India, Indonesia, Japan, Taiwan, and Thailand (Robba et al.
2004; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised by an ir-
regularly subrectangular and flattened shell, with a small apex close to the pos-
terior margin, and a shelf-like internal septum attached just inside the posterior
margin (Robba et al. 2004). See also comprehensive taxonomic remarks in Low
and Tan (2014).
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Superfamily Tonnoidea Suter, 1913
Family Bursidae Thiele, 1925
Bufonaria Schumacher, 1817

Bufonaria rana (Linnaeus, 1758)
Figs 3N, 6F

Murex rana Linnaeus, 1758: 748. Type locality: Asiatic Ocean.

Bursa (Bufonaria) rana. Cernohorsky 1972: 119, pl. 32, fig. 8.

Bursa rana. Tantanasiriwong 1978: 12, fig. 170. Nateewathana et al. 1981: 59.
Way and Purchon 1981: 317. Swennen et al. 2001: 55, 122, fig. 380.

Bufonaria rana. Wilson 1993: 226, pl. 43, fig. 1a, b. Aungtonya and Hylleberg
1998: 319. Poutiers 1998b: 551, with in-text figs. Subba Rao and Dey 2000:
92. Hylleberg and Kilburn 2003: 59. Robba et al. 2004: 76-77, pl. 9, fig. 9a, b.
Dharma 2005: 194, pl. 72, fig. Ta—e; 352, pl. 141, fig. 7a—c. Ramakrishna et
al. 2007: 10, 81, pl. 6, figs 69, 70. Robba et al. 2007: 91 (appendix). Beu 2008:
618, pl. 254, figs 6, 7a, b. Nabhitabhata 2009: 137. Sanpanich and Duangdee
2013: 58. BEDO 2017b: 112, with in-text fig. Okutani 2017: 867-868, pl. 154,
fig. 5. Yang et al. 2017: 64, fig. 266. Harzhauser et al. 2018: 13-14, pl. 3, figs
6—9. Tudu et al. 2018: table 1. Yadav et al. 2019: table 2, fig. 1b. Wells et al.
2021: 89.

Bufonaria (Bufonaria) rana. Cossignani 1994: 33-35, with in-text figs. Bosch et
al. 1995: 102, fig. 372. Gemert 2003: 105. Thach 2005: 96, pl. 28, fig. 8.

Referred material. CUF-NKNY-G06, GO7 (18 shells; Figs 3N, 6F).

Habitat. Muddy or sandy bottoms at a depth from 20 to 100 m (Okutani
2017; Yang et al. 2017).

Distribution. Red Sea to Indian Ocean; Indo-West Pacific, from Japan to Aus-
tralia (Robba et al. 2004; Okutani 2017; Yadav et al. 2019). Several records of
fossils from the Miocene to Quaternary in Indonesia, Japan, the Philippines,
and Taiwan (Robba et al. 2004; Dharma 2005; Harzhauser et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2004) and Harzhauser et al. (2018),
specifically in having two prominent varices placed at either periphery, running
vertically uninterrupted, or slightly staggered, from apex to base, and bearing
three short spines.

Order Neogastropoda Wenz, 1938
Superfamily Volutoidea Rafinesque, 1815
Family Cancellariidae Forbes & Hanley, 1851
Merica H. Adams & A. Adams, 1854

Merica elegans (Sowerby |, 1822)
Figs 3L, 6G

Cancellaria elegans Sowerby |, 1822: Cancellaria, pl. 218, fig. 3. Type locality:
unknown. Tantanasiriwong 1978: 17. Nateewathana et al. 1981: 61. Robba
et al. 2007: 51-52, fig. 19d, e; 93 (appendix).
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Cancellaria asperella [sic]. Cernohorsky 1972: 179, pl. 50, fig. 3 right.

Merica elegans. Verhecken 1986: 40-41, fig. 9. Verhecken 1997: 307-308, fig.
36. Swennen et al. 2001: 57, 133, fig. 461. Hylleberg and Kilburn 2003: 100.
Dharma 2005: 134, pl. 42, fig. 1. Thach 2005: 188, pl. 58, figs 6, 10. Hemmen
2007: 128-129, with in-text fig. Verhecken 2008: 818, pl. 704, fig. 5a, b. BEDO
2017b: 221, with in-text fig. Tudu et al. 2018: table 1. Wells et al. 2021: 121.

Referred material. CUF-NKNY-G18 (3 shells; Figs 3L, 6G).

Habitat. Sandy and muddy bottoms at a depth from 10 to 30 m (Robba et al.
2004; Thach 2005).

Distribution. Indo-West Pacific, from Japan to the Philippines. Records
of fossils from the Miocene in Indonesia, and from the Quaternary in Japan
(Robba et al. 2007).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Merica asperella (Lamarck, 1822), in having a slenderer and more fusi-
form shell with a narrower aperture and a sculptured shell with finer and more
numerous ribs crossed by spiral ridges nearly of the same strength, showing a
rectangular reticulated pattern (Robba et al. 2007).

Scalptia Jousseaume, 1887

Scalptia scalariformis (Lamarck, 1822)
Figs 3J, 6H

Cancellaria scalariformis Lamarck, 1822: 115. Type locality: unknown.

Cancellaria (Trigonostoma) scalariformis. Tesch 1915: 39, pl. 79, fig. 814, b.

Trigonostoma scalariformis. Cernohorsky 1972: 180, pl. 50, fig. 2, 2a. Garrard
1975: 27-29, figs 4 (3, 4). Way and Purchon 1981: 320. Wilson 1994: 178, pl.
37,fig. 7a, b.

Scalptia scalariformis. Verhecken 1986: 53-55, figs 28—-35. Swennen et al.
2001: 57, 133, fig. 462. Hylleberg and Kilburn 2003: 101. Robba et al. 2004:
129-130, pl. 17, fig. 6. Dharma 2005: 134, pl. 42, fig. 12a, b. Hemmen 2007:
277-278, with in-text figs. Robba et al. 2007: 93 (appendix). Okutani 2017:
1054, pl. 344, fig. 4. Yang et al. 2017: 102, fig. 415. Tudu et al. 2018: table 1.
Wells et al. 2021: 121. Chan and Lau 2022: 1-2, figs 1-3.

Scalptia (Scalptia) scalariformis. Thach 2005: 188, pl. 58, figs 25, 27, 29.

Referred material. CUF-NKNY-G64 (1 shell; Figs 3J, 6H).

Habitat. Sand and muddy bottoms at a depth from 20 to 40 m in sublittoral
zones (Thach 2005; Okutani 2017; Yang et al. 2017).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to Australia (Rob-
ba et al. 2004; Okutani 2017). Several records of fossils from the Pliocene to
Holocene in the Indo-Pacific area, including Indonesia and Thailand (Robba et
al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Scalptia bicolor (Hinds, 1843), by having a higher and narrower body
whorl and a less widely open umbilicus (Robba et al. 2007).
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Superfamily Buccinoidea Rafinesque, 1815
Family Buccinidae Rafinesque, 1815
Pseudoneptunea Kobelt, 1882

Pseudoneptunea varicosa (Roding, 1798)
Figs 4K, 7A

Neptunea varicosa Roding, 1798: 116. Type locality: unknown.

Siphonalia (Pseudoneptunea) aff. varicosa. Tesch 1915: 53, pl. 80, fig. 1144, b.

Pseudoneptunea varicosa. Cernohorsky 1975: 217-218, figs 10-12. Way and
Purchon 1981: 318. Swennen et al. 2001: 56, 128, fig. 428. Robba et al. 2004:
106-107, pl. 14, fig. 5a, b. Dharma 2005: 100, pl. 25, fig. 7a, b; 312, pl. 121,
fig. 9a, b. Thach 2005: 135, pl. 39, figs 12, 15. Robba et al. 2007: 93 (appen-
dix). Nabhitabhata 2009: 148. Sanpanich and Duangdee 2013: 63. Wells et
al. 2021: 95.

Referred material. CUF-NKNY-G13, G16, G17 (25 shells; Figs 4K, 7A).
Habitat. Shallow water at a depth from 10 to 15 m (Thach 2005).
Distribution. Indo-West Pacific, from Vietnam to Indonesia (Robba et al.
2004; Dharma 2005; Thach 2005). Records of fossils from the Pliocene and
Quaternary in Indonesia and from the Holocene in Thailand (Robba et al. 2004).
Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).
Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Cernohorsky (1975) and Robba et al. (2004),
specifically in having subangulate whorls and a sculpture of crisp main spirals
with an occasional intermediate spiral thread.

Family Melongenidae Gill, 1871
Brunneifusus Dekkers, 2018

Brunneifusus ternatanus (Gmelin, 1791)
Figs 4A, 7B

Murex ternatanus Gmelin, 1791: 3554. Type locality: Ternate Island, North Ma-
luku, Indonesia.

Pugilina ternatana. Tantanasiriwong 1978: 15. Nateewathana et al. 1981: 60.
Poutiers 1998b: 586, with in-text figs.

Hemifusus ternatanus. Yokoyama 1927: 393. Way and Purchon 1981: 318. Sw-
ennen et al. 2001: 56, 130, fig. 445. Gemert 2003: 106, with in-text fig. Hyl-
leberg and Kilburn 2003: 88. Robba et al. 2004: 122-123, pl. 16, fig. 7a, b.
Dharma 2005: 108, pl. 29, fig. 2a, b; 316, pl. 123, fig. 7a, b. Robba et al. 2007:
93 (appendix). Nabhitabhata 2009: 162. Sanpanich and Duangdee 2013: 61.
BEDO 2017b: 288, with in-text fig. Tudu et al. 2018: table 1.

Brunneifusus ternatanus. Dekkers 2018: 41-42, pl. 2, figs 5, 6. Alf and Thach
2021:pl. 1, figs 1-9, pl. 2, figs 1-3. Wells et al. 2021: 97.

Referred material. CUF-NKNY-G21, G22 (71 shells; Figs 4A, 7B).
Habitat. Mud and muddy sand bottoms from the low tide mark to ~ 10-50 m
depth (Poutiers 1998b; Swennen et al. 2001; Dekkers 2018).
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10 mm

Figure 7. Gastropods A Pseudoneptunea varicosa B Brunneifusus ternatanus C Nassarius micans D Nassarius siquijoren-
sis E Chicoreus capucinus F Indothais gradata.

Distribution. Eastern Indian Ocean; Indo-West Pacific, from Taiwan to Indo-
nesia and the Philippines (Poutiers 1998b; Robba et al. 2004). Records of fos-
sils from the Pliocene and Quaternary in Indonesia, Japan, and Taiwan (Robba
et al. 2004; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).
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Taxonomic remarks and comparisons. This species is the sole member of
the genus Brunneifusus, characterised by a determinate outer lip, compared to
the indeterminate growth of the outer lip in Hemifusus Swainson, 1840 (Alf and
Thach 2021). See also comprehensive taxonomic remarks in Alf and Thach
(2021).

Family Nassariidae Iredale, 1916
Nassarius Duméril, 1805

Nassarius micans (A. Adams, 1852)
Figs 30,7C

Nassa micans A. Adams, 1852: 106. Type locality: Cagayan, Misamis, Mindanao.

Nassarius (Zeuxis) micans. Cernohorsky 1984: 147-148, pl. 29, figs 8-11. Rob-
ba et al. 2003: table 5. Robba et al. 2004: 120, pl. 16, fig. 4a, b. Dharma 2005:
106, pl. 28, fig. 163, b. Robba et al. 2007: 93 (appendix). Okutani 2017: 914,
pl. 202, fig. 11

Nassarius micans. Gopalakrishnan et al. 2012: 77. Wells et al. 2021: 99.

Referred material. CUF-NKNY-G27 (53 shells; Figs 30, 7C).

Habitat. Sandy bottoms in subtidal zones down to 50 m depth (Robba et al.
2004; Okutani 2017).

Distribution. Gulf of Oman to India; Indo-West Pacific, from Japan to Papua
New Guinea (Cernohorsky 1984; Robba et al. 2004; Okutani 2017). Records of
fossils from the Holocene in Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Nassarius comptus (A. Adams, 1852), by having a longer body whorl
with narrowly subcanaliculate sutures, a more prominent varix, and a narrower
and more elongate aperture (Cernohorsky 1984). See also comprehensive tax-
onomic remarks in Cernohorsky (1984).

Nassarius siquijorensis (A. Adams, 1852)
Figs 3P, 7D

Nassa siquijorensis A. Adams, 1852: 97. Type locality: Island of Siquijor, Philip-
pines.

Nassa (Zeuxis) siquijorensis. Tesch 1915: 59, pl. 81, figs 128a, b, 1293, b.

Nassarius (Zeuxis) siquijorensis. Cernohorsky 1978: 88, pl. 27, fig. 8. Cerno-
horsky 1984: 134-136, pl. 25, figs 12—-14, pl. 26, figs 1-5. Robba et al. 2003:
table 5. Robba et al. 2004: 120-121, pl. 16, fig. 5a, b. Dharma 2005: 106, pl.
28, fig. 14a—c. Robba et al. 2007: 93 (appendix).

Nassarius siquijorensis. Nobuhara 1993: fig. 8-1a, 8-1b. Swennen et al. 2001:
56, 130, fig. 442. Hylleberg and Kilburn 2003: 87. Kool 2007: figs 17-20. Mar-
tin 2008: 120, pl. 355, fig. 13; 128, pl. 359, fig. 13. Surakiatchai et al. 2018:
table 5, pl. 1, fig. 9a, b. Wells et al. 2021: 99.

Zeuxis siquijorensis. Thach 2005: 148, pl. 44, fig. 25.

Nassarius siquinjorensis [sic]. Yang et al. 2017: 90, fig. 371.
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Referred material. CUF-NKNY-GO1 (10 shells; Figs 3P, 7D).

Habitat. Sandy and muddy bottoms from subtidal zones to 450 m depth
(Cernohorsky 1984; Thach 2005; Yang et al. 2017).

Distribution. Red Sea to India; Indo-West Pacific, from Japan to Indone-
sia and New Caledonia (Cernohorsky 1984; Dharma 2005; Yang et al. 2017).
Records of fossils from the Pliocene in Indonesia and from the Holocene in
Thailand (Cernohorsky 1984; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its simi-
lar species, Nassarius castus (Gould, 1850), in having a more tapering spire,
canaliculate sutures, and considerably more numerous axial ribs (Cernohorsky
1984). See also comprehensive taxonomic remarks in Cernohorsky (1984) and
Kool (2007).

Superfamily Muricoidea Rafinesque, 1815
Family Muricidae Rafinesque, 1815
Chicoreus Montfort, 1810

Chicoreus capucinus (Lamarck, 1822)
Figs 4E, 7E

Murex capucinus Lamarck, 1822: 164. Type locality: unknown.

Naquetia capucina. Tantanasiriwong 1978: 13. Nateewathana et al. 1981: 59.
Way and Purchon 1981: 318. Bussarawit 1991: 31.

Chicoreus (Rhizophorimurex) capucinus. Houart 1992: 106-109, fig. 217. Tan
2000: 504. Dharma 2005: 164, pl. 57, fig. 20; 336, pl. 133, fig. 9a—c. Thach
2005: 114, pl. 36, fig. 2. Merle et al. 2011: 99, text-fig. 39.

Chicoreus capucinus. Wilson 1994: 27, pl. 3, fig. 12a, b. Middelfart 1997: 358, pl.
2, fig. 7. Hylleberg and Kilburn 2003: 69. Sri-aroon et al. 2005: tables 2, 3, 5, 6.
Houart 2008: 154, pl. 372, fig. 1. Printrakoon et al. 2008: table 1. Nabhitabha-
ta 2009: 141. BEDO 2017b: 300, with in-text fig. Sanpanich and Duangdee
2013: 62. Dechruksa et al. 2014: fig. 4d. Wells et al. 2021: 113.

Chicoreus (Naquetia) capucinus. Subba Rao and Dey 2000: 100.

Chicoreus copucinus [sic]. Sri-aroon et al. 2004: table 1.

Referred material. CUF-NKNY-G11, G12 (30 shells; Figs 4E, 7E).

Habitat. Muddy sand and rocks in mangrove forests (Thach 2005).

Distribution. Indo-West Pacific, from the Philippines to Australia to Fiji Is-
lands (Houart 1992). Records of fossils from the Middle Miocene to Late Plio-
cene in Indonesia (Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Houart (1992) and Merle et al. (2011), specif-
ically in having a rounded last whorl usually associated with three spineless
varices, each with a short and webbed expansion on adapical section, an ap-
erture with a characteristically small callus with straight, adherent columellar
lip, and a broad siphonal canal. See also comprehensive taxonomic remarks in
Houart (1992).
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Indothais Claremont et al., 2013

Indothais gradata (Jonas, 1846)
Figs 4F, 7F

Purpura gradata Jonas, 1846: 14—15. Type locality: Indian Ocean, near Singapore.

Thais gradata. Bussarawit 1991: 33. Middelfart 1997:367-368, pl. 4, fig. 1. Tan 2000:
499. Hylleberg and Kilburn 2003: 76. Dharma 2005: 170, pl. 60, fig. 113, b; 340,
pl. 135, fig. Ta—e. Printrakoon et al. 2008: table 1. Yang et al. 2017: 76, fig. 316.

Stramonita gradata. Wilson 1994: 47, pl. 4, fig. 5a, b. Thach 2005: 128, pl. 37,
figs 33, 37.

Indothais gradata. Okutani 2017: 963, pl. 255, fig. 9. Wells et al. 2021: 114.

Referred material. CUF-NKNY-G29 (1 shell; Figs 4F, 7F).

Habitat. Rocky bottom at a depth from 1 to 5 m (Thach 2005; Okutani 2017).

Distribution. Indo-West Pacific, from Japan to Australia (Okutani 2017; Yang
et al. 2017). Records of fossils from the Middle to Late Pliocene in Indonesia
(Dharma 2005).

Record in Thailand. Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on the
descriptions and figures in Middlefart (1997), specifically in having an erect and
crenulate outer lip, which has a pronounced indentation in the subsutural ramp
area, and an aperture with four denticles with proceeding lirae present inside.

Indothais lacera (Born, 1778)
Figs 4C, 8A

Murex lacerus Born, 1778: 107-108. Type locality: unknown.

Cymia lacera. Bussarawit 1991: 32. Poutiers 1998b: 561, with in-text figs. Thach
2005: 123, pl. 36, fig. 1.

Thais lacera. Bosch et al. 1995: 123, fig. 491. Middlefart 1997: 369, pl. 4, fig. 4.
Subba Rao and Dey 2000: 113. Tan 2000: 499. Swennen et al. 2001: 56, 127,
fig. 422. Hylleberg and Kilburn 2003: 76-77. Robba et al. 2003: table 2. Rob-
ba et al. 2004: 102, pl. 13, fig. 6a, b. Dharma 2005: 170, pl. 60, fig. 12a-c; 338,
pl. 134, fig. 15a—h. Dey 2006: 40—-41, figs 45, 46. Ramakrishna et al. 2007: 11,
93, pl. 7, figs 79, 80. Robba et al. 2007: 92 (appendix). Nolf 2009: 9-10, figs
1-14. Kumar et al. 2017: 1101, fig. 1a, b.

Cuma lacera. Nabhitabhata 2009: 143. Yang et al. 2017: 78, fig. 324.

Indothais lacera. Sanpanich and Duangdee 2013: 63. BEDO 2017b: 305, with
in-text fig. Kantharajan et al. 2017: table 1, fig. 3-11. Tudu et al. 2018: table 1.
Wells et al. 2021: 114.

Referred material. CUF-NKNY-GO08 (106 shells; Figs 4C, 8A).

Habitat. Mangrove forests (Kantharajan et al. 2017) and rocky bottom at a
depth of 1-25 m (Thach 2005).

Distribution. South Africa to India; Indo-West Pacific, from Japan to New
Caledonia (Poutiers 1998b; Robba et al. 2004; Kantharajan et al. 2017; Yang et
al. 2017) as well as from western Mediterranean Sea (Nolf 2009). Records of
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10 mm

5 mm

Figure 8. Gastropods A Indothais lacera B Murex trapa C Turricula javana D Inquisitor vulpionis E Pristiterebra miranda
F Granuliterebra bathyrhaphe.

fossils from the Middle Miocene to Quaternary in Indonesia and from the Holo-
cene in Thailand (Robba et al. 2004; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Middlefart (1997) and Poutiers (1998b), specifi-
cally in having a body whorl bearing one to two spiral ridges, in which the prom-
inent one bears eight spines, and an elaborate crenulate outer lip with a strong
incision where the spiral ridge(s) and the anal sulcus are positioned.
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Murex Linnaeus, 1758

Murex trapa Roding, 1798
Figs 4B, 8B

Murex trapa Roding, 1798: 145. Type locality: Tranquebar, India. Tantanasiri-
wong 1978: 13, fig. 174. Nateewathana et al. 1981: 59. Way and Purchon
1981: 318. Ponder and Vokes 1988: 41-45, figs 17-19, 67g, h, 71b, ¢, 73d,
83g, h. Bussarawit 1991: 31. Middelfart 1997: 352, pl. 1, fig. 1. Poutiers
1998b: 565, with in-text figs. Subba Rao and Dey 2000: 102. Tan 2000: 503.
Swennen et al. 2001: 55, 126, fig. 410. Hylleberg and Kilburn 2003: 72-73.
Robba et al. 2003: table 5. Robba et al. 2004: 96—-97, pl. 12, fig. 9a, b. Dharma
2005: 158, pl. 54, fig. 4a, b; 334, pl. 132, fig. 3a—c. Ramakrishna et al. 2007:
10, 85—-86. Robba et al. 2007: 92 (appendix). Houart 2008: 136, pl. 636, fig. 2.
Nabhitabhata 2009: 147. BEDO 2017b: 312, with in-text fig. Yang et al. 2017:
70, fig. 288. Surakiatchai et al. 2018: table 5, pl. 1, fig. 7a, b. Tudu et al. 2018:
table 1. Wells et al. 2021: 116.

Murex cf. trapa. Aungtonya and Hylleberg 1998: 319.

Murex (Murex) trapa. Gemert 2003: 105. Thach 2005: 119, pl. 34, fig. 9. Merle
et al. 2011: 59, text-fig. 27¢; pl. 4, fig. 7; pl. 5, figs 8—10. Gopalakrishnan et al.
2012: 77. Sanpanich and Duangdee 2013: 63. Okutani 2017: 947, pl. 238, fig. 6.

Referred material. CUF-NKNY-GO09 (33 shells; Figs 4B, 8B).

Habitat. Fine sand and muddy sand bottoms at a depth of 5-60 m (Swennen
et al. 2001; Robba et al. 2004).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to Fiji Islands
(Dharma 2005; Okutani 2017). Records of fossils from the Middle Miocene to
Holocene in Indonesia, Malaysia, the Philippines, Taiwan, and Thailand (Ponder
and Vokes 1988; Robba et al. 2004; Dharma 2005; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from other relat-
ed species in having a higher spire, angulated whorls, and shorter spines (Pon-
der and Vokes 1988). See also comprehensive taxonomic remarks in Ponder
and Vokes (1988).

Superfamily Conoidea Fleming, 1822
Family Borsoniidae Bellardi, 1875
Maoritomella Powell, 1942

Maoritomella vallata (Gould, 1860)
Figs 4S, 9A

Drillia vallata Gould, 1860: 336. Type locality: Hong Kong. Johnson 1964: 164,
pl. 7, fig. 6.

Asthenotoma vallata. Yen 1944: 575, pl. 51, figs 6, 7.

Maoritomella vallata. Robba et al. 2003: table 5. Robba et al. 2004: 134-135,
pl. 18, fig. 53, b. Robba et al. 2007: 94 (appendix). Wells et al. 2021: 100.

Referred material. CUF-NKNY-G30 (5 shells; Figs 4S, 9A).
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Habitat. Probably present in shallow sublittoral areas (Robba et al. 2004).

Distribution. Indo-West Pacific. Records of fossils from the Holocene in
Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on the
descriptions and figures in Yen (1944), Johnson (1964), and Robba et al. (2004),
specifically in having a high-spired and claviform shell, with the sculpture of one
rather strong and peripheral spiral cord, a weaker one abapical to the spiral cord,
and one or two spiral threads on the shoulder slope, resulting in a total of 12-14
spirals occurring along the body whorl. This species is poorly known and has been
assigned to Maoritomella due to a blunt, smooth, and paucispiral protoconch (1.5
whorlsinthis species), which is the diagnostic character of the genus (Powell 1942).

Family Clathurellidae H. Adams & A. Adams, 1858
Pseudoetrema Oyama, 1953

Pseudoetrema fortilirata (Smith, 1879)
Figs 4M, 9B

Drillia fortilirata Smith, 1879b: 194, pl. 19, fig. 22. Type locality: Station 14,
east of Goto Islands, 32°48'N, 129°6'E; 47 fathoms, and station 21, between
south-western extremity of Niphon and the island of Shikoku, 33°45'N,
132°30'E, 30 fathoms. Yokoyama 1927: 393, 410, pl. 46, fig. 20.

Pseudoetrema fortilirata. Oyama 1953: 154. Robba et al. 2004: 141, pl. 19, fig.
6. Robba et al. 2007: 94 (appendix). Okutani 2017: 1017, pl. 311, fig. 7. Wells
etal. 2021: 101.

Referred material. CUF-NKNY-G38 (5 shells; Figs 4M, 9B).

Habitat. Sand and sandy mud in sublittoral areas to 50 m depth (Robba et al.
2004; Okutani 2017).

Distribution. Japan and Thailand. Records of fossils from the Pliocene to
Holocene in Japan, Taiwan, and Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Smith (1879b), Yokoyama (1927), and Robba et
al. (2004), specifically in having a high-spired, claviform shell with the sculpture
of nine broad and low collabral ribs fading away shortly before the subsutural
cord and overriding spirals, three closely set spiral cords: adapical, peripheral,
and abapical cords, and a weaker more adapical one on the penultimate whorl,
resulting in a total of 14 spirals occurring along the body whorl. This species is
the type species of Pseudoetrema (Oyama 1953).

Family Clavatulidae Gray, 1853
Turricula Schumacher, 1817

Turricula javana (Linnaeus, 1767)
Figs 41, 8C

Murex javanus Linnaeus, 1767: 1221. Type locality: Java.
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Figure 9. Gastropods A Maoritomella vallata B Pseudoetrema fortilirata C Paradrillia melvilli D Comitas ilariae.

Turricula (Vulpecula) javana. Tesch 1915: 48-49, pl. 80, fig. 1044, b.

Turricula javana. Powell 1969: 235-237, pl. 192, figs 10, 11; pl. 201, fig. 11. Tantana-
siriwong 1978: 17. Nateewathana et al. 1981: 61. Way and Purchon 1981: 320.
Poutiers 1998b: 630, with in-text figs. Swennen et al. 2001: 57, 133, fig. 463. Hyl-
leberg and Kilburn 2003: 104. Robba et al. 2003: tables 3, 5. Robba et al. 2004:
136, pl. 18, fig. 8a, b. Dharma 2005: 130, pl. 40, fig. 8a, b. Thach 2005: 214, pl. 59,
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fig. 16; pl. 60, fig. 24. Ramakrishna et al. 2007: 15, 133, 134. Robba et al. 2007: 93
(appendix). Nabhitabhata 2009: 196. Sanpanich and Duangdee 2013: 60. BEDO
2017b: 354, with in-text fig. Yang et al. 2017: 114, fig. 472. Surakiatchai et al.
2018: table 5, pl. 1, fig. 11a, b. Tudu et al. 2018: table 1. Wells et al. 2021: 101.

Referred material. CUF-NKNY-G15, G20 (53 shells; Figs 4, 8C).

Habitat. Intertidal sand and rocks and muddy bottoms at a depth from 20 to
80 m (Robba et al. 2004; Thach 2005).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to Australia (Robba et
al. 2004; Yang et al. 2017). Records of fossils from the Late Miocene to Holocene
in India, Indonesia, and Thailand (Robba et al. 2004; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Powell (1969) and Robba et al. (2004), specifi-
cally in having an elongate-fusiform shell with the sculpture of oblique nodes
on the peripheral angulation and finer spiral cords over the shoulder slope as
well as a twin cord forming a weak subsutural margin. See also comprehensive
taxonomic remarks in Powell (1969).

Family Horaiclavidae Bouchet et al., 2011
Paradrillia Makiyama, 1940

Paradrillia melvilli Powell, 1969
Figs 4N, 9C

Paradrillia melvilli Powell, 1969: 314-315, pl. 242, fig. 2; pl. 245, figs 1, 2. Type
locality: Persian Gulf. Robba et al. 2004: 137, 139, pl. 19, fig. 2. Robba et al.
2007: 95 (appendix). Wells et al. 2021: 107.

Referred material. CUF-NKNY-G52 (7 shells; Figs 4N, 9C).

Habitat. Sublittoral and upper bathyal zones (Robba et al. 2004).

Distribution. Persian Gulf and Indian Ocean; Gulf of Thailand. Records of
fossils from the Holocene in Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Powell (1969) and Robba et al. (2004), specifically
in having a light built claviform shell with a medially situated blunt peripheral keel
bearing rather weak cog-like axial nodes, approximately 18 or 19 per whorl.

Family Pseudomelatomidae Morrison, 1966
Inquisitor Hedley, 1918

Inquisitor vulpionis Kuroda & Oyama, 1971
Figs 4H, 8D

Inquisitor vulpionis Kuroda & Oyama in Kuroda et al., 1971: 215, pl. 56, fig. 4; pl.

110, fig. 15. Type locality: Sagami Bay, Japan. Robba et al. 2004: 133, pl. 18,
fig. 2a—c. Robba et al. 2007: 93 (appendix). Wells et al. 2021: 108.
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Referred material. CUF-NKNY-G28 (1 shell; Figs 4H, 8D).

Habitat. Sandy bottoms at a depth from 10 to 100 m (Robba et al. 2004).

Distribution. Japan and the Philippines. Records of fossils from the Holo-
cene in Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based
on the descriptions and figures in Robba et al. (2004), specifically in having a
claviform shell with the sculpture of nine collabral ribs resulting in a nodose
appearance at the periphery and gradually fading away on the shoulder slope
as well as the very faint spiral sculpture all over the shell except for the base
where more prominent cords are developed.

Comitas Finlay, 1926

Comitas ilariae Bozzetti, 1991
Figs 4Q, 9D

Comitas ilariae Bozzetti, 1991: 26—28, figs 1—3. Type locality: island of Bohol,
central Philippines. Olivera and Sysoev 2008: 786, pl. 688, figs 9, 10.

Referred material. CUF-NKNY-G55 (1 shell; Figs 4Q, 9D).

Habitat. Sandy bottoms at a depth from 100 to 150 m (Bozzetti 1991).

Distribution. Known only from the type locality (Bozzetti 1991).

Record in Thailand. New record in Thailand from this study.

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Bozzetti (1991) and Olivera and Sysoev (2008),
specifically in having a slight, fusiform, and high-spired shell with the axial
sculpture made of 7-9 very pronounced, long, and thick tubercles positioned
obliquely on each whorl as well as numerous dense spiral cords.

Family Terebridae Morch, 1852
Duplicaria Dall, 1908

Duplicaria tricincta (Smith, 1877)
Figs 40, 10A

Terebra tricincta Smith, 1877: 225. Type locality: Persian Gulf. Bratcher and Cer-
nohorsky 1987: 76, pl. 17, fig. 58a, b. Wilson 1994: 229, with in-text fig. Hyl-
leberg and Kilburn 2003: 106. Robba et al. 2004: 157, pl. 21, fig. 8. Robba et
al. 2007: 95 (appendix).

Granuliterebra tricincta. BEDO 2017b: 360, with in-text fig. Okutani 2017: 1050,
pl. 339, fig. 14. Tudu et al. 2018: table 1. Wells et al. 2021: 109.

Duplicaria tricincta. Fedosov et al. 2019: 365, fig. 3b. Aubry et al. 2021: pl. 36.
Bibi et al. 2021: 51, pl. 1, figs 9-11.

Referred material. CUF-NKNY-G33 (5 shells; Figs 40, 10A).

Habitat. Sandy mud bottoms at a depth from 10 to 50 m (Robba et al. 2004;
Okutani 2017).
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Distribution. Persian Gulf; Indo-West Pacific, from Japan to Australia (Robba
et al. 2004; Okutani 2017). Records of fossils from the Holocene in Thailand
(Robba et al. 2004).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based
on the descriptions and figures in Bratcher and Cernohorsky (1987) and Aubry
et al. (2021), and differs from its similar species, Granuliterebra bathyrhaphe
(Smith, 1875), in having a smaller shell and two additional minutely beaded
spiral cords abapical to the subsutural margin and on the lower base.

Granuliterebra Oyama, 1961

Granuliterebra bathyrhaphe (Smith, 1875)
Figs 4P, 8F

Terebra (Myurella) bathyrhaphe Smith, 1875: 415. Type locality: Gulf of Yedo
[Edo Bay, Honshu, Japan].

Terebra sp. Dheeradilok et al. 1984: pl. 3, fig. 11.

Terebra bathyrhaphe. Bratcher and Cernohorsky 1987: 75, pl. 17, fig. 57a-e.
Wilson 1994: 223, with in-text fig. Bosch et al. 1995: 171, fig. 765. Robba et
al. 2004: 155, pl. 21, fig. 5. Robba et al. 2007: 95 (appendix).

Granuliterebra bathyrhaphe. Okutani 2017: 1049-1050, pl. 339, fig. 13. Fedosov
et al. 2019: 379, fig. 10a. Aubry et al. 2021: pl. 73. Bibi et al. 2021: 50, pl. 1,
figs 14-17. Wells et al. 2021: 109.

Referred material. CUF-NKNY-G66 (1 shell; Figs 4P, 8F).

Habitat. Muddy and sandy bottoms from intertidal zones to 200 m depth
(Robba et al. 2004; Aubry et al. 2021).

Distribution. Persian Gulf and Indian Ocean; Indo-West Pacific, from Japan
to Australia (Robba et al. 2004; Okutani 2017; Aubry et al. 2021). Records of
fossils from the Quaternary in Japan and Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Bratcher and Cernohorsky (1987) and Aubry et
al. (2021), and differs from its similar species, Duplicaria tricincta (Smith, 1877),
by lacking the band anterior to the subsutural band and by having the other two
bands that are connected by well-developed ribs rather than by thin cords.

Pristiterebra Oyama, 1961

Pristiterebra miranda (Smith, 1873)
Figs 4D, 8E

Myurella miranda Smith, 1873: 267-268. Type locality: Malacca.

Terebra miranda. Bratcher and Cernohorsky 1987: 78, pl. 18, fig. 63a, b; colour
pl. D, fig. 13. Swennen et al. 2001: 57, 134, fig. 471. Robba et al. 2004: 155-
156, pl. 21, fig. 6a, b. Dharma 2005: 114, pl. 32, fig. 5a, b. Robba et al. 2007:
95 (appendix).

Pristiterebra miranda. Aubry et al. 2021: pl. 296. Wells et al. 2021: 109.

ZooKeys 1202: 1-110 (2024), DOI: 10.3897/zookeys.1202.119389 34



Parin Jirapatrasilp et al.: Mid-Holocene marine fauna from Thailand

Figure 10. Gastropods and bivalves. A Duplicaria tricincta B Cylichna modesta C Jupiteria puellata D Saccella mauritiana.

Referred material. CUF-NKNY-G23 (17 shells; Figs 4D, 8E).

Habitat. At sea depth of 6—10 m (Bratcher and Cernohorsky 1987; Robba et
al. 2004).

Distribution. Indo-West Pacific, from Thailand to Indonesia (Bratcher and
Cernohorsky 1987; Robba et al. 2004). Records of fossils from the Holocene in
Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Bratcher and Cernohorsky (1987) and Aubry et
al. (2021), specifically in having a turreted and slightly cyrtoconoid shell with
the sculpture completely cancellate throughout and with numerous and un-
evenly spaced axial cords crossed by ~ 6 spiral cords forming small bead-like
nodes at intersections.
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Subclass Heterobranchia Burmeister, 1837
Grade “Lower Heterobranchia”
Superfamily Architectonicoidea Gray, 1850
Family Architectonicidae Gray, 1850
Architectonica Roding, 1798

Architectonica perdix (Hinds, 1844)
Figs 44, 11A

Solarium perdix Hinds, 1844: 22-23. Type locality: Ceylon; north-west coast of
Australia.

Architectonica perdix. Bieler 1993: 48—-52, figs 35—38. Swennen et al. 2001: 57, 135,
fig. 477. Hylleberg and Kilburn 2003: 113. Robba et al. 2004: 158, pl. 21, fig. 10a, b.
Dharma 2005: 204, pl. 77,fig. 2a, b; 358, pl. 144, fig. 7a,b. Thach 2005: 224. Robba
etal. 2007: 95 (appendix). Nabhitabhata 2009: 200. BEDO 2017b: 73, with in-text
fig. Yang et al. 2017: 118, 120, fig. 493. Surakiatchai et al. 2018: table 5, pl. 1, fig.
12a, b. Tudu and Balakrishnan 2018: 199-200, fig. 1a—f. Wells et al. 2021: 131.

Referred material. CUF-NKNY-G02, G31 (155 shells; Figs 4J, 11A).

Habitat. Sandy and muddy bottoms at a depth from 10 to 60 m (Bieler 1993;
Thach 2005; Yang et al. 2017).

Distribution. Indian Ocean; Indo-West to Central Pacific, from China to Aus-
tralia and Polynesia (Robba et al. 2004; Tudu and Balakrishnan 2018). Records
of fossils from the Middle Pliocene in Indonesia and from the Holocene in Thai-
land (Dharma 2005; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its simi-
lar species, Adelphotectonica reevei (Hanley, 1862), by having a much smaller
protoconch and a much higher upper point of attachment of the whorls (Bieler
1993). See also comprehensive taxonomic remarks in Bieler (1993).

Cohort Tectipleura Schrodl et al., 2011

Subcohort Euopisthobranchia Jorger et al., 2010
Order Cephalaspidea Fischer, 1883

Superfamily Cylichnoidea H. Adams & A. Adams, 1854
Family Cylichnidae H. Adams & A. Adams, 1854
Cylichna Lovén, 1846

Cylichna modesta Thiele, 1925
Figs 4R, 10B

Cylichna modesta Thiele, 1925: 241-242 [275-276), pl. 44 [32], fig. 7. Type lo-
cality: “Neu-Amsterdam”, Station 167 (37° 47’ sudl. Br., 77° 33.7 6stl. L., 496
m). Swennen et al. 2001: 137, fig. 497. Wells et al. 2021: 144.

Adamnestia modesta. Robba et al. 2004: 230, pl. 34, fig. 5a, b. Robba et al. 2007:
97 (appendix). Negri et al. 2014: table 3.

Referred material. CUF-NKNY-G39 (11 shells; Figs 4R, 10B).
Habitat. Sublittoral in muddy or fine sandy bottoms (Robba et al. 2004).
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Distribution. Southwest Pacific. Records of fossils from the Holocene in
Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Cylichna sibogae Schepman, 1913, by having a less slender shell and
an adapical umbilicus unbounded by sharp angulation (Robba et al. 2004). The
generic assignment to either Adamnestia Iredale, 1936 or Cylichna requires fur-
ther investigation.

Subcohort Panpulmonata Jorger et al., 2010
Superorder Eupulmonata Haszprunar & Huber, 1990
Order Ellobiida Van Mol, 1967

Superfamily Ellobioidea Pfeiffer, 1854

Family Ellobiidae Pfeiffer, 1854

Ellobium Roding, 1798

Ellobium aurisjudae (Linnaeus, 1758)
Figs 4G, 11B

Bulla aurisjudae Linnaeus, 1758: 728. Type locality: unknown.

Ellobium aurisjudae. Cernohorsky 1972: 211, pl. 60, fig. 7. Brandt 1974: 227-
228, pl. 16, fig. 94. Tantanasiriwong 1978: 20, fig. 256. Nateewathana et al.
1981: 62. Way and Purchon 1981: 321. Bosch et al. 1995: 183, fig. 852. Na-
teewathana 1995: 100, with in-text fig. Poutiers 1998b: 643, with in-text figs.
Subba Rao and Dey 2000: 187. Swennen et al. 2001: 60, 143, fig. 524. Ge-
mert 2003: 107, with in-text fig. Hylleberg and Kilburn 2003: 133. Robba et
al. 2003: tables 1, 2. Robba et al. 2004: 241-242, pl. 35, fig. 5. Sri-aroon et al.
2004: table 1. Dharma 2005: 206, pl. 78, fig. 18; 360, pl. 145, fig. 11. Sri-aroon
et al. 2005: tables 2, 3, 5, 6. Thach 2005: 232, pl. 71, figs 11, 14. Dey 2006:
56, figs 75, 76. Raven and Vermeulen 2007: 37, 39, pl. 2, figs 10—13. Robba
et al. 2007: 98 (appendix). Printrakoon et al. 2008: table 1. Kesavan et al.
2009: 382, with in-text fig. Nabhitabhata 2009: 227. Groh 2010: 446, pl. 914,
figs 8,9. Hamli et al. 2013: tables 2, 3, fig. 2t. Hylleberg and Aungtonya 2013:
97. Sanpanich and Duangdee 2013: 64. Dechruksa et al. 2014: fig. 3e. BEDO
2017b: 81, with in-text fig. Tudu et al. 2018: table 1. Wells et al. 2021: 146.

Ellobium (Ellobium) cf. aurisjudae. Matsubara and Komori 2007: 326-328,
fig. 2a-d.

Ellobium (Ellobium) aurisjudae. Matsubara and Komori 2007: fig. 2e-h.

Referred material. CUF-NKNY-G65 (25 shells; Figs 4G, 11B).

Habitat. In estuaries, mangrove and coastal forests, on salt marshes above
the normal high tide line in or under rotting wood, and on sandy soil bordering a
sandy beach (Raven and Vermeulen 2007).

Distribution. Arabian Gulf and Indian Ocean; Indo-West Pacific, from South
China Sea to Australia (Poutiers 1998b; Robba et al. 2004). Records of fossils
from the Early Miocene to Holocene in Indonesia, Japan, Malaysia, and Thai-
land (Robba et al. 2004; Dharma 2005; Matsubara and Komori 2007; Raven and
Vermeulen 2007).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).
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5 mm

Figure 11. Gastropods and bivalves A Architectonica perdix B Ellobium aurisjudae C Cassidula nucleus D Anadara inaequi-
valvis E Anadara indica F Tegillarca granosa.

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Brandt (1974), Poutiers (1998b), and Robba et
al. (2004), specifically in having an elongate-oval and unshouldered shell with
the sculpture of numerous axial grooves and fine spiral lines.

Cassidula Férussac, 1821

Cassidula nucleus (Gmelin, 1791)
Figs 4L, 11C

Helix nucleus Gmelin, 1791: 3193. Type locality: “Tahiti” [Cooktown, Queensland,
Australia].
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Auricula mustelina Deshayes, 1830: 92. Type locality: “New Zealand”.

Cassidula nucleus. Cernohorsky 1972: 212, pl. 60, fig. 8. Bosch et al. 1995: 183,
fig. 851. Subba Rao and Dey 2000: 188. Swennen et al. 2001: 60, 143, fig.
526. Hylleberg and Kilburn 2003: 133. Robba et al. 2004: 242-243, pl. 35,
fig. 6. Dharma 2005: 208, pl. 79, fig. 1a, b. Thach 2005: 233, pl. 72, fig. 8. Dey
2006: 55-56, figs 73, 74. Raven and Vermeulen 2007: 50-51, pl. 4, figs 35,
36. Robba et al. 2007: 98 (appendix). Kesavan et al. 2009: 382, with in-text
fig. Nabhitabhata 2009: 227. Groh 2010: 448, pl. 915, figs 9-11. Zvonareva
and Kantor 2016: 429-430, fig. 8s, t. BEDO 2017b: 80, with in-text fig. Kan-
tharajan et al. 2017: table 1, fig. 4-32. Yang et al. 2017: 134, fig. 545. Tudu et
al. 2018: table 1. Wells et al. 2021: 145.

Cassidula mustelina. Brandt 1974: 221, pl. 16, fig. 88. Tantanasiriwong 1978:
20, fig. 259. Nateewathana et al. 1981: 62. Way and Purchon 1981: 321. Hyl-
leberg and Kilburn 2003: 133. Sri-aroon et al. 2004: table 1, fig. 2-9. Sri-aroon
et al. 2005: tables 2—-6. Dechruksa et al. 2014: fig. 3c. BEDO 2017b: 80, with
in-text fig. Okutani 2017: 1128, pl. 427, fig. 4.

Referred material. CUF-NKNY-G63 (1 shell; Figs 4L, 11C).

Habitat. On mud in shaded areas and on tree trunks in mangrove and nipa
palm forests, sometimes present in salt marsh or on muddy tidal flats (Brandt
1974; Raven and Vermeulen 2007; Zvonareva and Kantor 2016).

Distribution. Arabian Gulf and Indian Ocean; Indo-West Pacific, from Japan
to Australia (Brandt 1974; Bosch et al. 1995; Subba Rao and Dey 2000; Okutani
2017). Records of fossils from the Holocene in Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand and Andaman Sea (Brandt 1974; Swen-
nen et al. 2001; Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Cassidula aurisfelis (Bruguiéere, 1789), by having a normal and non-bi-
furcated columellar fold, a less rounded outline with a less convex shoulder, a
straighter aperture, and a thinner palatal ridge (Raven and Vermeulen 2007).
See also comprehensive taxonomic remarks in Raven and Vermeulen (2007).

Class Bivalvia Linnaeus, 1758

Subclass Protobranchia Pelseneer, 1889

Order Nuculanida Carter et al., 2000

Superfamily Nuculanoidea H. Adams & A. Adams, 1858
Family Nuculanidae H. Adams & A. Adams, 1858
Jupiteria Bellardi, 1875

Jupiteria puellata (Hinds, 1843)
Figs 10C, 120

Nucula puellata Hinds, 1843: 100. Type locality: Malacca; from 10 to 17 fath-
oms, coarse sand.

Nuculana puellata. Lynge 1909: 105. Hylleberg and Kilburn 2003: 139.

Nuculana (Jupiteria) puellata. Robba et al. 2002: 53, pl. 1, fig. 4a, b. Robba et al.
2003: tables 1, 2, 4-5. Robba et al. 2007: 83 (appendix). Nabhitabhata 2009:
279. Negri et al. 2014: table 3. Huber 2015: C666.

Jupiteria puellata. Wells et al. 2021: 50.
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10 mm

Figure 12. Size comparison of bivalves, scaphopod and other invertebrates found in this study A Tegillarca nodifera
B Volachlamys singaporina C Tegillarca granosa D Noetiella pectunculiformis E Magallana cf. gigas F Estellacar olivacea
G Anadara indica H Dentalium variabile 1 Siliqua minima J Corbula fortisulcata K Fistulobalanus kondakovi L Placamen
lamellatum M Martesia striata N Potamocorbula sp. O Jupiteria puellata P Saccella mauritiana Q Paratapes undulatus
R Dosinia dilecta S Joannisiella oblonga T Temnotrema siamense U Pholas orientalis.

Referred material. CUF-NKNY-B25 (37 shells; Figs 10C, 120).

Habitat. Subtidal on coarse sand, soft clay, and mud bottoms at a depth from
510 40 m (Huber 2015).

Distribution. Indo-West Pacific, from southern China to New Guinea (Huber
2015). Records of fossils from the Holocene in Thailand (Robba et al. 2002).
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Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2002), specifically in having an
unsculptured surface bearing only faint growth markings.

Saccella Woodring, 1925

Saccella mauritiana (Sowerby I, 1833)
Figs 10D, 12P

Nucula mauritiana Sowerby |, 1833: 15, fig. 7. Type locality: Mauritius.

Nuculana mauritiana. Lynge 1909: 105. Swennen et al. 2001: 43, 62, fig. 4.
Gopalakrishnan et al. 2012: 61.

Nuculana (Scaeoleda) caspidata [non Gould]. Robba et al. 2002: 53, pl. 1,
fig. 3a, b.

Nuculana (Scaeoleda) mauritiana. Robba et al. 2003: tables 1, 3, 5. Robba et al.
2004: 245. Robba et al. 2007: 83 (appendix). Negri et al. 2014: table 3.

Sacella mauritiana [sic]. Nabhitabhata 2009: 278.

Nuculana (Saccella) mauritiana. Huber 2010: 97, with in-text fig. Huber 2015:
C612.

Saccella mauritiana. Wells et al. 2021: 50.

Referred material. CUF-NKNY-B24 (20 shells; Figs 10D, 12P).

Habitat. Sublittoral on mainly mud and clay with sand and shells at a depth
from 11 to 92 m (Huber 2015).

Distribution. Indian Ocean; Indo-West Pacific, from China to Indonesia (Hu-
ber 2015). Records of fossils from the Holocene in Thailand (Robba et al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Swennen et al. 2001,
Nabhitabhata 2009; Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2002) and Huber (2010), specifical-
ly in having strong commarginal ridges in the umbonal area then changing into
flat and somewhat imbricate low rugae which are more raised on crossing the
postero-dorsal keel. This species often co-occurs with Jupiteria puellata, which
has an unsculptured shell (Robba et al. 2002).

Superorder Pteriomorphia Beurlen, 1944
Order Arcida Stoliczka, 1871
Superfamily Arcoidea Lamarck, 1809
Family Arcidae Lamarck, 1809

Anadara Gray, 1847

Anadara inaequivalvis (Bruguiére, 1789)
Figs 11D, 13D

Arca inaequivalvis Bruguiére, 1789: 106—-107. Type locality: East India. Reeve
1844: Arca, pl. 8, sp. 54.

Scapharca inaequivalvis. Tantanasiriwong 1979: 4. Morris and Purchon
1981: 322. Nateewathana et al. 1981: 63. Poutiers 1998a: 152, with in-text
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figs. Subba Rao and Dey 2000: 205. Robba et al. 2002: 58-59, pl. 2, fig. 8.
Robba et al. 2003: tables 4, 5. Robba et al. 2007: 83 (appendix). Nabhitabha-
ta 2009: 294. Negri et al. 2014: table 3. Okutani 2017: 1168, pl. 468, fig. 3.
Yang et al. 2017: 148, fig. 580.

Anadara (Scapharca) inaequivalvis. Vongpanich 1996: 182, figs 21-23. Aung-
tonya et al. 1999: 372. Dharma 2005: 242, pl. 96, fig. 10. Dey and Ramakrish-
na 2007: 151, 174. Huber 2010: 137, with in-text fig. Huber 2015: C3218.

Anadara cf. inaequivalvis. Swennen et al. 2001: 44, 65-66, fig. 29.

Anadara inaequivalvis. Hylleberg and Kilburn 2003: 148. Poppe 2010a: 474, pl.
928, figs 5, 6. Sanpanich 2011: table 2. Gopalakrishnan et al. 2012: 59. Sura-
kiatchai et al. 2018: table 6, pl. 3, fig. 1a, b. Tudu et al. 2018: table 1. Tudu et
al. 2019: 38-40, fig. 3c—e. Wells et al. 2021: 52.

Referred material. CUF-NKNY-B03, B21 (21L+30R shells; Figs 11D, 13D).

Habitat. Sandy and muddy bottoms in intertidal and upper sublittoral zones
(Robba et al. 2002; Huber 2015).

Distribution. Red Sea to India Ocean; Indo-West Pacific, from Japan to Aus-
tralia as well as from Mediterranean and Black Sea (Robba et al. 2002; Tudu et
al. 2019). Records of fossils from the Late Miocene and Pliocene in Indonesia
and from the Holocene in Thailand (Robba et al. 2002; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Poutiers (1998a) and Tudu et al. (2019), specif-
ically in having an inflated, inequilateral, and roughly quadrate shell shape with
30—-37 radial ribs.

Anadara indica (Gmelin, 1791)
Figs 11E, 12G

Arca indica Gmelin, 1791: 3312. Type locality: the Indian Ocean. Reeve 1844:
Arca, pl. 9, sp. 56.

Anadara (Scapharca) indica. Lynge 1909: 126-127, pl. 2, figs 5-12.

Scapharca indica. Morris and Purchon 1981: 322. Bosch et al. 1995: 211, fig.
928. Poutiers 1998a: 153, with in-text figs. Robba et al. 2002: 59, pl. 2, fig. 9.
Gemert 2003: 107. Robba et al. 2003: tables 1-5. Thach 2005: 243, pl. 75,
fig. 17. Robba et al. 2007: 83 (appendix). Nabhitabhata 2009: 294. Yang et al.
2017: 148, fig. 581. Surakiatchai et al. 2018: pl. 3, fig. 3a, b.

Anadara indica. Vongpanich 1996: 183, figs 26, 27. Aungtonya et al. 1999: 372.
Tudu et al. 2018: table 1. Wells et al. 2021: 52.

Anadara (Anadara) indica. Huber 2010: 136, with in-text fig. Huber 2015: C3220.

Referred material. CUF-NKNY-B06 (16L+24R shells; Figs 11E, 12G).

Habitat. In soft sand or sandy mud bottoms at bays, river mouths, and inter-
tidal zones down to 15 m depth (Huber 2015).

Distribution. Persian Gulf to India Ocean; Indo-West Pacific, from Japan
to Australia (Poutiers 1998a; Robba et al. 2002). Records of fossils from the
Holocene in Thailand (Robba et al. 2002; Surakiatchai et al. 2018).
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Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Poutiers (1998a), Robba et al. (2002), and Huber
(2010), specifically in having an inequilateral, laterally compressed, and sub-
rectangular shell shape with 30-36 flat radial ribs.

Tegillarca Iredale, 1939

Tegillarca granosa (Linnaeus, 1758)
Figs 11F, 12C

Arca granosa Linnaeus, 1758: 694. Type locality: southern European ocean.
Reeve 1844: Arca, pl. 3, sp. 15. Yokoyama 1927: 403. Lutaenko 2015: 135-
136, pl. 1, fig. a—d.

Arca (Anadara) granosa. Lynge 1909: 118. Tesch 1920: 92-93, pl. 137, figs
248a, b, 249a-c.

Anadara granosa. Tantanasiriwong 1979: 4. Morris and Purchon 1981: 322. Na-
teewathana et al. 1981: 63. Nateewathana 1995: 101, with in-text fig. Pout-
iers 1998a: 147, with in-text figs. Aungtonya et al. 1999: 372. Subba Rao and
Dey 2000: 204. Hylleberg and Kilburn 2003: 148, pl. 1, fig. 3. Robba et al.
2002: 57-58, pl. 2, fig. 4. Robba et al. 2003: tables 1-5. Dey 2006: 61, figs 86,
87. Dey and Ramakrishna 2007: 151, 172. Robba et al. 2007: 83 (appendix).
Printrakoon et al. 2008: table 1. Nabhitabhata 2009: 284. Sanpanich 2011:
table 2. Hylleberg and Aungtonya 2013: 94. Negri et al. 2014: table 3. Suraki-
atchai et al. 2018: table 6, pl. 2, fig. 7a, b.

Anadara (Tegillarca) granosa. Vongpanich 1996: 187, 189, figs 47-50. Dharma
2005: 242, pl. 96, fig. 9; 362, pl. 146, fig. 10. Lutaenko et al. 2019: 174, pl. 3,
fig. c, d.

Tegillarca granosa. Swennen et al. 2001: 44, 66, fig. 35. Gemert 2003: 107.
Thach 2005: 244, pl. 75, fig. 8. Huber 2010: 141, with in-text fig. Poppe 2010a:
486, pl. 934, figs 9, 10. Huber 2015: C3352. BEDO 2017a: 27, with in-text fig.
Kantharajan et al. 2017: table 1, fig. 2-10. Okutani 2017: 1168, pl. 468, fig.
9. Yang et al. 2017: 150, fig. 586. Tudu et al. 2018: table 1. Tudu et al. 2019:
42-44, fig. 5¢, d. Wells et al. 2021: 54.

Referred material. CUF-NKNY-B20 (15L+15R shells; Figs 11F, 12C).

Habitat. Mud down to 10 m depth in mangrove forests and muddy estuaries
(Swennen et al. 2001; Thach 2005; Kantharajan et al. 2017).

Distribution. East Africa to India; Indo-West Pacific, from Japan to Australia
and Polynesia (Poutiers 1998a; Kantharajan et al. 2017; Tudu et al. 2019). Re-
cords of fossils from the Late Miocene to Holocene in Indonesia, Japan, the
Philippines, Taiwan, and Thailand (Robba et al. 2002; Dharma 2005; Suraki-
atchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its simi-
lar species, Tegillarca nodifera, by having a less elongated shell with a lower
number of ribs (15-21) and a lower number of nodules on ribs (Tudu et al.
2019).
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Figure 13. Size comparison of bivalves and other invertebrates found in this study A Placuna placenta B Standella pellu-
cida C Geloina bengalensis D Anadara inaequivalvis E Pegophysema bialata F Megabalanus cf. tintinnabulum G Cultellus
maximus H Lutraria complanata | Thalassina sp. J Tellinides conspicuus.
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Tegillarca nodifera (Martens, 1860)
Figs 12A, 14A

Arca nodifera Martens, 1860: 17. Type locality: Bankok [Bangkok, Thailand].

Anadara nodifera. Nateewathana et al. 1981: 63. Nateewathana 1995: 101, with
in-text fig. Poutiers 1998a: 148, with in-text figs. Aungtonya et al. 1999: 372.
Hylleberg and Kilburn 2003: 148-149, pl. 1, fig. 5. Nabhitabhata 2009: 284.
Hylleberg and Aungtonya 2013: 94.

Anadara (Tegillarca) nodifera. Vongpanich 1996: 189-190, figs 51-54.

Tegillarca nodifera. Swennen et al. 2001: 44, 67, text-fig. 26, fig. 36. Thach 2005:
244, pl. 75, fig. 18. Huber 2010: 141, with in-text fig. Huber 2015: C3366.
BEDO 2017a: 28, with in-text fig. Yang et al. 2017: 150, fig. 587. Tudu et al.
2018: table 1. Tudu et al. 2019: 44, fig. 5e, f. Wells et al. 2021: 54.

Referred material. CUF-NKNY-B01, B02, B15 (26L+31R shells; Figs 12A, 14A).

Habitat. On mud and sand bottomes, in intertidal or near mangrove forests
and shallow sublittoral waters down to a depth of 10 m (Poutiers 1998a; Huber
2015).

Distribution. Eastern Indian Ocean; Indo-West Pacific, from East China Sea
to Indonesia (Poutiers 1998a; Huber 2015; Tudu et al. 2019).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its simi-
lar species, Tegillarca granosa, by having a more elongated shell with a higher
number of ribs (19-23) and a higher number of nodules on ribs (Tudu et al.
2019).

Family Noetiidae Stewart, 1930
Estellacar Iredale, 1939

Estellacar olivacea (Reeve, 1844)
Figs 12F, 14B

Arca olivacea Reeve, 1844: Arca, pl. 16, sp. 113. Type locality: San Nicolas, is-
land of Zebu [the Philippines] (found in sandy mud at the depth of four fath-
oms).

Estellacar olivacea. Poutiers 1998a: 160, with in-text figs. Swennen et al. 2001:
44, 68, fig. 42. Robba et al. 2002: 61, pl. 2, fig. 13. Hylleberg and Kilburn 2003:
153. Robba et al. 2003: table 2. Vongpanich and Matsukuma 2004: 41, pl. 2,
figs. r, s. Robba et al. 2007: 84 (appendix). Nabhitabhata 2009: 297. Huber
2010: 146, with in-text fig. Negri et al. 2014: table 3. Huber 2015: C3594.
BEDO 2017a: 42, with in-text fig. Wells et al. 2021: 55.

Striarca olivacea. Printrakoon et al. 2008: table 1.

Referred material. CUF-NKNY-B18 (16L+14R shells; Figs 12F, 14B).

Habitat. In mud and sand from intertidal zones, often near mangrove forests,
down to 20 m depth (Poutiers 1998a; Robba et al. 2002).

Distribution. India; Indo-West Pacific, from South China to the Philippines
(Huber 2015). Records of fossils from the Holocene in Thailand (Robba et
al. 2002).
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Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its simi-
lar species Estellacar galactodes (Benson, 1842) by having a higher number of
coarser riblets (Robba et al. 2002).

Noetiella Thiele, 1931

Noetiella pectunculiformis (Dunker, 1866)
Figs 12D, 14C

Barbatia pectunculiformis Dunker, 1866: 88—89, pl. 28, figs 4-6. Type locality:
Borneo.

Arca (Fossularca) pectunculiformis. Lynge 1909: 115.

Striarca pectunculiformis. Tantanasiriwong 1979: 4. Morris and Purchon 1981:
323. Nateewathana et al. 1981: 63. Aungtonya et al. 1999: 373.

Scelidionarca pectunculiformis. Robba et al. 2002: 61, pl. 2, fig. 14q, b. Robba et
al. 2007: 84 (appendix). Nabhitabhata 2009: 297.

Noetiella pectunculiformis. Huber 2010: 146, with in-text fig. Huber 2015:
C3575. BEDO 2017a: 43, with in-text fig. Kantharajan et al. 2017: table 1, fig.
2-11. Wells et al. 2021: 55.

Referred material. CUF-NKNY-B27 (4L+4R shells; Figs 12D, 14C).

Habitat. In soft clay, mud or sand, in subtidal zones from a depth of 2-43 m,
and in mangrove forests (Huber 2015; Kantharajan et al. 2017).

Distribution. India Ocean; Indo-West Pacific, from South China to Indonesia
(Huber 2015; Kantharajan et al. 2017). Records of fossils from the Holocene in
Thailand (Robba et al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2002) and Huber (2010), specifical-
ly in having a roundly trapezoidal and inequilateral shell shape with the sculp-
ture of dense, faint radials, and coarse growth markings.

Order Ostreida Férussac, 1822
Superfamily Ostreoidea Rafinesque, 1815
Family Ostreidae Rafinesque, 1815
Magallana Salvi & Mariottini, 2016

Magallana cf. gigas (Thunberg, 1793)
Figs 12E, 14D

cf. Ostrea gigas Thunberg, 1793: 140-142, pl. 6, figs 1-3. Type locality: Japan.
Yokoyama 1927: 402.

cf. Crassostrea gigas. Tantanasiriwong 1979: 7. Nateewathana et al. 1981: 65.
Poutiers 1998a: 233, with in-text figs. Aungtonya et al. 1999: 375. Robba et
al. 2002: 69, 71, pl. 5, fig. 3a, b. Hylleberg and Kilburn 2003: 162. Beu et al.
2004: 154-1586, fig. 9d. Thach 2005: 257. Robba et al. 2007: 84 (appendix).
Printrakoon et al. 2008: table 1. Huber 2010: 180, with in-text fig. Sanpanich
2011: table 2. Huber 2015: C5155. Okutani 2017: 1183, pl. 483, fig. 7. Yang
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et al. 2017:176, 178, fig. 685. Surakiatchai et al. 2018: table 6, pl. 3, fig. 6a, b.
Tudu et al. 2018: table 1.

cf. Crassostrea cf. gigas. Swennen et al. 2001: 45, 72, text-fig. 62, fig. 62.

cf. Crassostrea (Magallana) gigas. Lutaenko et al. 2019: 187-188, pl. 15,
fig. a—f.

cf. Magallana gigas. Wells et al. 2021: 60.

Referred material. CUF-NKNY-B13 (130L+16R shells; Figs 12E, 14D).

Habitat. Attached to rocks from intertidal zones down to 30 m depth, in mud,
bays, and sheltered areas that are often brackish with low salinity water (Thach
2005; Huber 2015).

Distribution. Cosmopolitan (Huber 2015). Records of fossils from the Mio-
cene to Holocene in Japan, New Zealand, Taiwan, and Thailand (Robba et al.
2002; Beu et al. 2004; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. The cupped oysters in the subfamily
Crassostreinae could not be identified at species level based on shell charac-
ters or soft tissue alone (Salvi and Mariottini 2021). Therefore, we tentatively
identify these specimens of giant cupped oysters as belonging to Magallana
gigas, due to large and thick shells and the presence of this species in Thailand
(Wells et al. 2021).

Order Pectinida Gray, 1854

Superfamily Anomioidea Rafinesque, 1815
Family Placunidae Rafinesque, 1815
Placuna Lightfoot, 1786

Placuna placenta (Linnaeus, 1758)
Figs 13A, 14E

Anomia placenta Linnaeus, 1758: 703. Type locality: unknown.

Placuna placenta. Lynge 1909: 107-108. Tantanasiriwong 1979: 6. Morris and
Purchon 1981: 324. Nateewathana et al. 1981: 64. Oliver 1992: 86, pl. 17, fig.
6a, b. Bosch et al. 1995: 234, fig. 1018. Poutiers 1998a: 218, with in-text figs.
Aungtonya et al. 1999: 376. Subba Rao and Dey 2000: 230. Swennen et al.
2001: 46, 76, text-fig. 80, fig. 80. Robba et al. 2002: 77, pl. 6, fig. 104, b. Hyl-
leberg and Kilburn 2003: 169-170. Robba et al. 2003: table 5. Dharma 2005:
246, pl. 98, fig. 17. Dey and Ramakrishna 2007: 154, 197. Robba et al. 2007:
84 (appendix). Nabhitabhata 2009: 20, with in-text fig., 347. Huber 2010:
190, with in-text fig. Sanpanich 2011: table 2. Huber 2015: C5627. Yang et al.
2017: 176, fig. 681. Surakiatchai et al. 2018: table 6, pl. 3, fig. 8a, b. Tudu et
al. 2018: table 1. Wells et al. 2021: 64.

Placuna (Placuna) placenta. Dheeradilok et al. 1984: pl. 2, fig. 14. Thach 2005:
266, pl. 81, fig. 4.

Referred material. CUF-NKNY-B22 (19L+18R shells; Figs 13A, 14E).

Habitat. Sandy mud in intertidal zones and shallow waters down to 35 m
depth, in quiet waters of lagoons, protected bays, and mangrove areas, or near
estuaries (Poutiers 1998a; Thach 2005; Yang et al. 2017).
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Figure 14. Bivalves A Tegillarca nodifera B Estellacar olivacea C Noetiella pectunculiformis D Magallana cf. gigas E Placu-
na placenta F Volachlamys singaporina.

Distribution. Indian Ocean; Indo-West Pacific, from Japan to Australia (Hu-
ber 2015). Records of fossils from the Late Miocene to Holocene in Indonesia,
Japan, the Philippines, Taiwan, and Thailand (Robba et al. 2002; Surakiatchai
etal. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Placuna ephippium (Philipsson, 1788), by having an almost circular
shell and a right valve bearing a hinge plate with arrowhead-shaped lamellar
teeth with the posterior ridge distinctly longer than the anterior one (Poutiers
1998a; Swennen et al. 2001).
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Superfamily Pectinoidea Rafinesque, 1815
Family Pectinidae Rafinesque, 1815
Volachlamys Iredale, 1939

Volachlamys singaporina (Sowerby II, 1842)
Figs 12B, 14F

Pecten singaporinus Sowerby I, 1842: 74, pl. 13, fig. 55; pl. 14, fig. 71. Type
locality: Singapore. Lynge 1909: 155.

Volachlamys singaporina. Roussy 1991: 21. Poutiers 1998a: 210, with in-text
figs. Aungtonya et al. 1999: 376. Swennen et al. 2001: 45, 74, fig. 70. Gemert
2003: 108. Hylleberg and Kilburn 2003: 169. Dharma 2005: 248, pl. 99, fig.
13a-e; 364, pl. 147, fig. 3a, b. Thach 2005: 263, pl. 80, fig. 13. Nabhitabha-
ta 2009: 342. Huber 2010: 203, with in-text fig. Huber 2015: C6118. BEDO
2017a: 236, with in-text fig. Yang et al. 2017: 172, fig. 667. Dijkstra and Beu
2018: 296-298, figs 98, 100j, I, 101d, e. Wells et al. 2021: 67.

Referred material. CUF-NKNY-B07 (32L+32R shells; Figs 12B, 14F).

Habitat. Byssally attached under coral boulders and rocks, on sand and san-
dy mud in intertidal zones down to 22 m depth (Huber 2015).

Distribution. Indo-West Pacific, from China to Australia (Huber 2015; Dijkstra
and Beu 2018). Records of fossils from the Middle to Late Pliocene in Indone-
sia (Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Volachlamys tranquebaria (Gmelin, 1791) and V. hirasei (Bavay, 1904),
by having square and well-defined 18-24 ribs with wider interspaces between
the ribs (Dharma 2005; Dijkstra and Beu 2018). See also comprehensive taxo-
nomic remarks in Dijkstra and Beu (2018)

Superorder Heteroconchia Gray, 1854
Order Lucinida Gray, 1854

Superfamily Lucinoidea J. Fleming, 1828
Family Lucinidae J. Fleming, 1828
Pegophysema Stewart, 1930

Pegophysema bialata (Pilsbry, 1895)
Figs 13E, 15A

Loripes bialata Pilsbry, 1895: 133-134, pl. 3, figs 13, 14. Type locality: Inland
Sea, Japan.

Anodontia (?Pegophysema) bialata. Taylor and Glover 2005: 305-306, figs 11a,
123, 22, 23.

Pegophysema bialata. Huber 2015: 102, 455-456, with in-text figs; C10244.
Wells et al. 2021: 35.

Referred material. CUF-NKNY-B11 (3L+3R shells; Figs 13E, 15A).
Habitat. Muddy bottoms and sandy mud among weed in intertidal zones
down to 60 m depth (Huber 2015).
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Distribution. Indian Ocean; Indo-West Pacific, from Japan to Malaysia (Taylor
and Glover 2005; Huber 2015).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Pegophysema philippiana (Reeve, 1850), by having a ligament that is
shallowly inset and an absence of secondary pallial attachment scars (Taylor
and Glover 2005). See also comprehensive taxonomic remarks in Taylor and
Glover (2005).

Order Venerida Gray, 1854
Superfamily Cyrenoidea Gray, 1840
Family Cyrenidae Gray, 1840
Geloina Gray, 1842

Geloina bengalensis (Lamarck, 1818)
Figs 13C, 15B

Cyrena bengalensis Lamarck, 1818: 554. Type locality: Bengal.

Polymesoda (Geloina) bengalensis. Brandt 1974: 310-311, pl. 28, fig. 83. Natee-
wathana 1995: 106, with in-text fig. Aungtonya et al. 1999: 380. Robba et al.
2002: 106, pl. 16, fig. 9. Robba et al. 2003: tables 1, 2. Robba et al. 2007: 87
(appendix). Nabhitabhata 2009: 21, with in-text fig, 471.

Polymesoda bengalensis. Poutiers 1998a: 319, with in-text figs. Dharma 2005:
266, pl. 108, fig. 25. Dey 2006: 74-75, figs 113, 114. Tudu et al. 2018: table 1.

Geloina bengalensis. Huber 2015: 319; C20908. BEDO 2017a: 252, with in-text
fig. Wells et al. 2021: 39.

Referred material. CUF-NKNY-B31 (2L+3R shells; Figs 13C, 15B).

Habitat. In intertidal zones, river deltas, estuaries, mud flats, and in man-
grove areas (Poutiers 1998a; Huber 2015).

Distribution. Bay of Bengal; Indo-West Pacific, from Taiwan to Indonesia (Hu-
ber 2015). Records of fossils from the Holocene in Thailand (Robba et al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based
on the descriptions and figures in Robba et al. (2002) and Huber (2015), spe-
cifically in having a solid, inflated, pronounced inequilateral, and subtriangular
shell shape.

Superfamily Mactroidea Lamarck, 1809
Family Mactridae Lamarck, 1809
Lutraria Lamarck, 1799

Lutraria complanata (Gmelin, 1791)
Figs 13H, 15C

Mactra complanata Gmelin, 1791: 3261. Type locality: the Indian Ocean.

Lutraria (Lutrophora) cf. complanata. Dheeradilok et al. 1984 pl. 2, fig. 5.

Lutraria complanata. Swennen et al. 2001: 47, 82, fig. 112. Hylleberg and Kilburn
2003: 186. Yang et al. 2017: 194, fig. 742. Wells et al. 2021: 40.
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10 mm

Figure 15. Bivalves A Pegophysema bialata B Geloina bengalensis C Lutraria complanata D Standella pellucida E Tellinides
conspicuus F Joannisiella oblonga.

Lutraria (Lutrophora) complanata. Robba et al. 2002: 91, pl. 12, fig. 4. Robba et al.
2007: 86 (appendix). Huber 2010: 451, with in-text figs. Huber 2015: C21984.

Lutraria (Goniomactra) complanata. Beu 2006: 242.

Lutraria (Lutropbora) complanata [sic]. Nabhitabhata 2009: 412.
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Referred material. CUF-NKNY-B29 (1L+2R shells; Figs 13H, 15C).

Habitat. Sandy and muddy sand in subtidal zones from a depth of 8-20 m
(Huber 2015).

Distribution. Indian Ocean; Indo-West Pacific, from South China to Indonesia
(Huber 2015; Yang et al. 2017). Records of fossils from the Holocene in Thai-
land (Robba et al. 2002).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2002) and Huber (2010), specifi-
cally in having an elongate-elliptical and markedly inequilateral thin shell with
arched anterior and posterior margins, and an outer surface sculptured with
irregular crenulated growth lines.

Standella Gray, 1853

Standella pellucida (Gmelin, 1791)
Figs 13B, 15D

Mactra pellucida Gmelin, 1791: 3260-3261. Type locality: “Guinea coast.” San-
panich 2011: table 2.

Standella pellucida. Lynge 1909: 224. Nabhitabhata 2009: 418. Huber 2010:
451, with in-text figs. Huber 2015: C22028. Tudu et al. 2018: table 1. Wells et
al. 2021: 42.

Meropesta pellucida. Bosch et al. 1995: 248, fig. 1100. Poutiers 1998a: 281,
with in-text figs. Swennen et al. 2001: 47, 83, text-fig. 116, fig. 116. Robba
et al. 2002: 91-92, pl. 12, fig. 6. Dey and Ramakrishna 2007: 211. Robba et
al. 2007: 86 (appendix). Meyer et al. 2008: tables 2, 3. Nabhitabhata 20009:
417. Wong 2009: 289, figs 9a, b, 22. BEDO 2017a: 155. Yang et al. 2017: 196,
fig. 752.

Referred material. CUF-NKNY-B30 (1L+1R shells; Figs 13B, 15D).

Habitat. Fine sand and mud in intertidal zones down to 4 m depth, in lagoons,
and at the fringe of mangrove areas (Poutiers 1998a; Huber 2015).

Distribution. Arabian Gulf and Indian Ocean; Indo-West Pacific, from Japan
to Australia (Bosch et al. 1995; Wong 2009; Huber 2015). Records of fossils
from the Quaternary in Indonesia and from the Holocene in Thailand (Robba et
al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2002) and Huber (2010), specifi-
cally in having a longer than high, inequilateral, and elliptical shell with an oval-
shaped anterior margin and a somewhat pointed posterior margin, an outer
surface sculptured with uneven and fine growth markings, and faint posterior
radial striation. An exceedingly shallow radial depression is sometimes ob-
served in the mid-anterior part. Huber (2015) indicated that the type locality in
Guinea is erroneous.
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Superfamily Tellinoidea Blainville, 1814
Family Tellinidae Blainville, 1814
Tellinides Lamarck, 1818

Tellinides conspicuus (Hanley, 1846)
Figs 13J, 15E

Tellina conspicua Hanley, 1846b: 293, pl. 58, fig. 100. Type locality: unknown.
Coan and Kabat 2012: 309.

Tellina (Tellinides) sp. Robba et al. 2002: 98, pl. 14, fig. 7a, b.

Tellinides conspicuus. Huber 2015: 220, 639, with in-text figs; C14877. Wells et
al. 2021: 30.

Referred material. CUF-NKNY-B04 (33L+40R shells; Figs 13J, 15E).

Habitat. Shallow water (Huber 2015).

Distribution. Indo-West Pacific, from southern China to New Guinea (Huber
2015).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. Tellina (Tellinides) sp. in Robba et
al. (2002) was identified as belonging to this species by Huber (2015). This
species differs from its similar species, Tellinides timorensis Lamarck, 1818,
by having a higher shell that lacks the posterior truncation with oblique anterior
striae fading posteriorly (Robba et al. 2002; Huber 2015).

Superfamily Ungulinoidea Gray, 1854
Family Ungulinidae Gray, 1854
Joannisiella Dall, 1895

Joannisiella oblonga (Hanley, 1846)
Figs 12S, 15F

Cyrenoidea oblonga Hanley, 1846a: 10 (plate explanation). Type locality: Philip-
pines. Hanley 1856: 353, pl. 15, fig. 6. Coan and Kabat 2012: 320.

Diplodonta (Joannisiella) oblonga. Lynge 1909: 176.

Cycladicama oblonga. Dheeradilok et al. 1984: pl. 2, figs 6, 7. Robba et al.
2002: 79, pl. 7, fig. 9a, b. Hylleberg and Kilburn 2003: 174. Robba et al.
2003: tables 3, 4. Robba et al. 2007: 85 (appendix). Nabhitabhata 2009:
389. Yang et al. 2017: 182, fig. 704. Surakiatchai et al. 2018: table 6, pl. 3,
fig. 10a, b.

Joannisiella oblonga. Huber 2015: 341, 829, with in-text figs; C21436. Wells et
al. 2021: 42.

Referred material. CUF-NKNY-B09, B17 (59L+66R shells; Figs 12S, 15F).

Habitat. Muddy bottom with soft clay, muddy sediments on mud flats, and
in the shallow waters from intertidal zones down to 36 m depth (Huber 2015;
Yang et al. 2017).
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Distribution. Indo-West Pacific, from Japan to Indonesia and the Philippines
(Huber 2015; Yang et al. 2017). Records of fossils from the Middle Miocene to
Holocene in Indonesia, Japan, the Philippines, Taiwan, and Thailand (Robba et
al. 2002; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is characterised by its
elongate, ovate-triangular shaped, and posteriorly grooved shell (Robba et al.
2002; Huber 2015).

Superfamily Veneroidea Rafinesque, 1815
Family Veneridae Rafinesque, 1815
Dosinia Scopoli, 1777

Dosinia dilecta A. Adams, 1856
Figs 12R, 16A

Dosinia dilecta A. Adams, 1856: 224. Type locality: Malacca. Lynge 1909: 249-
250, pl. 5, figs 11-13. Morris and Purchon 1981: 326. Swennen et al. 2001:
49, 95, text-fig. 201, fig. 201. Robba et al. 2002: 115, pl. 19, fig. 4. Dharma
2005: 266, pl. 108, fig. 30. Robba et al. 2007: 88 (appendix). Sartori et al.
2008: table 1. Nabhitabhata 2009: 482. Poppe 2010c: 304, pl. 1147, figs 5, 6.
Surakiatchai et al. 2018: table 6, pl. 5, fig. 8a, b. Wells et al. 2021: 44.

Dosinia (Dosinella) dilecta. Fischer-Piette and Delmas 1967: 77, pl. 14, figs 1-3.
Dheeradilok et al. 1984: pl. 2, figs 9-12. Huber 2010: 414, with in-text fig.
Huber 2015: C19500.

Referred material. CUF-NKNY-B10 (2L+5R shells; Figs 12R, 16A).

Habitat. Soft clay and mud bottoms in subtidal zones at a depth from 5 to
20 m (Huber 2015).

Distribution. Indo-West Pacific, from southern China to Indonesia (Huber
2015). Records of fossils from the Holocene in Thailand (Robba et al. 2002;
Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based
on the descriptions and figures in Fischer-Piette and Delmas (1967), Robba
et al. (2002), and Huber (2010), specifically in having deeply demarcated and
exceedingly small lunulae and a shell with low concentric ribs. See also com-
prehensive taxonomic remarks in Fischer-Piette and Delmas (1967).

Paratapes Stoliczka, 1870

Paratapes undulatus (Born, 1778)
Figs 12Q, 16B

Venus undulata Born, 1778: 54—-55. Type locality: unknown.

Tapes (Paratapes) undulatus. Lynge 1909: 237.

Paphia undulata. Tantanasiriwong 1979: 13. Morris and Purchon 1981: 326. Na-
teewathana et al. 1981: 67. Dheeradilok et al. 1984: pl. 2, fig. 13. Oliver 1992:
191, pl. 43, fig. 6a, b. Bosch et al. 1995: 273, fig. 1227. Nateewathana 1995:
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111, with in-text fig. Poutiers 1998a: 339, with in-text figs. Aungtonya et al.
1999: 382. Subba Rao and Dey 2000: 283. Swennen et al. 2001: 49, 95, text-
fig. 198, fig. 198. Hylleberg and Kilburn 2003: 217. Dharma 2005: 270, pl. 110,
fig. 16; 368, pl. 149, fig. 13. Thach 2005: 300, pl. 90, fig. 3. Dey and Ramakrish-
na 2007: 160, 244-245. Nabhitabhata 2009: 492. Poppe 2010c: 296, pl. 1143,
figs 7-9. Sanpanich 2011: table 2. Okutani 2017: 1248, pl. 543, fig. 4. Yang et
al. 2017: 232, fig. 871. Surakiatchai et al. 2018: table 6, pl. 5, fig. 4a, b.

Paphia cf. undulata. Aungtonya and Hylleberg 1998: 320.

Paphia (Paphia) undulata. Gemert 2003: 109. Robba et al. 2002: 113, pl. 18,
fig. 8a, b. Robba et al. 2003: tables 1, 3-5. Robba et al. 2007: 88 (appendix).
Negri et al. 2014: table 3.

Neotapes undulata. Sartori et al. 2008: 115, table 1, figs 4, 5I.

Paphia (Neotapes) undulata. Huber 2010: 423, with in-text fig.

Paratapes undulatus. Huber 2015: C19932. Tudu et al. 2018: table 1. Wells et
al. 2021: 47.

Paratapes undulata. BEDO 2017a: 281, with in-text fig.

Referred material. CUF-NKNY-B12 (2L shells; Figs 12Q, 16B).

Habitat. Fine sandy sediments and mud as well as silty clay bottoms in inter-
tidal to subtidal zones at a depth of 1-50 m (Huber 2015).

Distribution. Red Sea and Indian Ocean; Indo-West Pacific, from Japan to
Australia (Robba et al. 2002; Huber 2015). Records of fossils from the Late
Miocene to Holocene in Indonesia, Japan, the Philippines, Taiwan, and Thailand
(Robba et al. 2002; Dharma 2005; Surakiatchai et al. 2018).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. Despite having no colour and pat-
terns, the elongate-oval and inequilateral shell shape with growth lines as well
as slightly oblique and somewhat undulating commarginal grooves on outer
surface of the specimens conform to the characters of this species (Robba et
al. 2002; Huber 2010).

Placamen Iredale, 1925

Placamen lamellatum (Ro6ding, 1798)
Figs 12L, 16C

Venus lamellata Roding, 1798: 183. Type locality: the East Indian Seas.

Venus tiara Dillwyn, 1817: 162. Type locality: the East Indian Seas.

Venus calophylla Philippi, 1836: 229-230, pl. 8, fig. 2 Type locality: the
Chinese Sea.

Chione (Circomphalus) calophylla. Lynge 1909: 150-151.

Callanaitis calophylla. Tantanasiriwong 1979: 13. Nateewathana et al. 1981: 67.

Placamen tiara. Tantanasiriwong 1979: 13. Nateewathana et al. 1981: 67. Pout-
iers 1998a: 351, with in-text figs. Aungtonya et al. 1999: 382. Hylleberg and
Kilburn 2003: 219. Dharma 2005: 268, pl. 109, fig. 24. Thach 2005: 292. Dey
and Ramakrishna 2007: 159, 238. Nabhitabhata 2009: 495. Poppe 2010c:
274, pl. 1132, figs 1-3.

Bassina calophylla. Bosch et al. 1995: 266, fig. 1191. Subba Rao and Dey
2000: 284.
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Placamen calophyllum. Kilburn and Hylleberg 1998: 315. Aungtonya et al. 1999:
382. Swennen et al. 2001: 48, 92, fig. 180. Robba et al. 2002: 107, pl. 17, fig. 4.
Gemert 2003: 15. Hylleberg and Kilburn 2003: 218-219. Dharma 2005: 268, pl.
109, fig. 25. Thach 2005: 292, pl. 89, fig. 11. Robba et al. 2007: 87 (appendix).
Meyer et al. 2008: tables 2, 4. Sartori et al. 2008: table 1. Nabhitabhata 2009:
494. Poppe 2010c: 272, pl. 1131, figs 4—7. Sanpanich 2011: table 2.

Placamen lamellatum. Huber 2010: 369, with in-text figs. Huber 2015: C18043.
BEDO 2017a: 287. Tudu et al. 2018: table 1. Wells et al. 2021: 48.

Clausinella calophylla. Yang et al. 2017: 222, 224, fig. 834.

Clausinella tiara. Yang et al. 2017: 224, fig. 836.

Referred material. CUF-NKNY-B28 (1R shell; Figs 12L, 16C).

Habitat. Muddy sand, sand, and shell gravels from intertidal zones down to
100 m depth (Bosch et al. 1995; Robba et al. 2002; Yang et al. 2017).

Distribution. Arabian Gulf and Indian Ocean; Indo-West Pacific, from Japan
to Indonesia (Bosch et al. 1995; Huber 2015; Yang et al. 2017). Records of fos-
sils from the Late Neogene to Holocene in Fiji, India, Indonesia, Japan, the Phil-
ippines and Taiwan (Robba et al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Placamen chloroticum (Philippi, 1849), by having a somewhat shal-
lower and trigonal pallial sinus as well as more widely spaced and more raised
commarginal lamellae (Robba et al. 2002).

Order Myida Stoliczka, 1870
Superfamily Myoidea Lamarck, 1809
Family Corbulidae Lamarck, 1818
Corbula Bruguiére, 1797

Corbula fortisulcata Smith, 1879
Figs 12J, 16D

Corbula fortisulcata Smith, 1879a: 819-820, pl. 50, fig. 23, 23b. Type locality:
the Andaman Islands. Subba Rao and Dey 2000: 286. Swennen et al. 2001:
49, 97, text-fig. 212, fig. 212. Hylleberg and Kilburn 2003: 222. Poppe 2010b:
388, pl. 1189, figs 6, 7a, b. Yang et al. 2017: 240, 242, fig. 899. Surakiatchai et
al. 2018: table 6, pl. 5, fig. 10a, b. Wells et al. 2021: 36.

Corbula (Corbula) fortisulcata. Robba et al. 2002: 117-118, pl. 20, fig. 5. Robba
et al. 2003: table 3. Robba et al. 2007: 88 (appendix). Nabhitabhata 2009: 506.

Corbula (Notocorbula) cf. fortisulcata. Thach 2005: 303, pl. 91, fig. 4.

Corbula (Notocorbula) fortisulcata. Huber 2010: 467, with in-text fig. Huber
2015: C22606.

Referred material. CUF-NKNY-B19 (154 shells; Figs 12J, 16D).

Habitat. Fine sand, sandy mud and muddy bottoms at intertidal to sublittoral
zones at a depth from 1 to 70 m (Huber 2015).

Distribution. Indian Ocean; Indo-West Pacific, from Taiwan to Australia (Hu-
ber 2015). Records of fossils from the Late Miocene in the Philippines and from
the Holocene in Thailand (Robba et al. 2002; Surakiatchai et al. 2018).
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Figure 16. Bivalves A Dosinia dilecta B Paratapes undulatus C Placamen lamellatum D Corbula fortisulcata E Potamocor-
bula sp. F, G Martesia striata G showing the shells with burrow casts along with mangrove roots H Pholas orientalis
I calcareous burrows of Teredinidae indet.

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species differs from its similar
species, Corbula tunicata Reeve, 1843, by having a weaker keel on the juvenile
shell part (Swennen et al. 2001).
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Potamocorbula Habe, 1955

Potamocorbula sp.
Figs 12N, 16E

Referred material. CUF-NKNY-B26 (112 shells; Figs 12N, 16E).

Habitat. Mostly present in intertidal zones, estuarine and brackish habitats
(Huber 2015).

Distribution. This genus is mostly distributed in the Indian Ocean and In-
do-West Pacific, except for the species Potamocorbula adusta (Reeve, 1844),
which is recorded only from West Africa (Huber 2015).

Taxonomic remarks and comparisons. These specimens are assigned to
Potamocorbula based on the descriptions in Coan (2002), specifically in having
smooth shells. Currently, there are a total of nine species in this genus (Huber
2015; MolluscaBase 2023), in which two species, P. fasciata (Reeve, 1843) and
P, laevis (Hinds, 1843), are recorded from Thailand (Wells et al. 2021). Howev-
er, our specimens have a more quadrate shell shape, probably suggesting the
presence of other different species.

Superfamily Pholadoidea Lamarck, 1809
Family Pholadidae Lamarck, 1809
Martesia Sowerby |, 1824

Martesia striata (Linnaeus, 1758)
Figs 12M, 16F, G

Pholas striatus Linnaeus, 1758: 669. Type locality: southern Europe.

Pholas (Martesia) striata. Lynge 1909: 283-284.

Martesia striata. Cernohorsky 1978: 188, pl. 68, fig. 4. Morris and Purchon 1981:
327. Oliver 1992: 203, pl. 45, fig. 4a, b. Bosch et al. 1995: 279, fig. 1263.
Yoosukh and Jitkaew 1997: 402, fig. 1a, b. Poutiers 1998a: 358, with in-text
figs. Subba Rao and Dey 2000: 287. Swennen et al. 2001: 49, 99, fig. 223. Hyl-
leberg and Kilburn 2003: 224. Dey and Ramakrishna 2007: 161, 252. Nabhi-
tabhata 2009: 21, with in-text fig, 509. Haga 2010: 394, pl. 1192, figs 3, 4.
Gopalakrishnan et al. 2012: 61. Okutani 2017: 1270, pl. 563, fig. 5. Yang et al.
2017: 246, fig. 914. Tudu et al. 2018: table 1. Wells et al. 2021: 37.

Martesia (Martesia) striata. Robba et al. 2002: 121-122, pl. 21, fig. 7a. Thach
2005: 304, pl. 91, fig. 10. Robba et al. 2007: 23, fig. 9p; 88 (appendix). Huber
2010: 476, with in-text figs. Huber 2015: C22956.

Referred material. CUF-NKNY-B14 (8L+8R shells; Figs 12M, 16F, G).

Habitat. Bored in old wood pilings, waterlogged tree trunks, and in driftwood
but rarely in astreid corals, in soft rocks, or mangroves Rhizophora stylosa; from
intertidal zones down to 20 m depth (Huber 2015).

Distribution. Cosmopolitan (Huber 2015). Records of fossils from the Middle
Miocene to Holocene in Japan, Indonesia, New Hebrides, and Thailand (Robba
et al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).
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Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Poutiers (1998a), Robba et al. (2002), and Huber
(2010), specifically in having an outer surface bearing a radial groove at the
anterior one-third of the shell, sculptured with commarginal ridges that are mi-
nutely nodose and anterior to the radial groove with nodes arranged into radial
rows.

Pholas Linnaeus, 1758

Pholas orientalis Gmelin, 1791
Figs 12U, 16H

Pholas orientalis Gmelin, 1791: 3216. Type locality: Siam [Thailand] and Tranque-
bar. Morris and Purchon 1981: 327. Nateewathana 1995: 111, with in-text fig.
Poutiers 1998a: 356, with in-text figs. Subba Rao and Dey 2000: 286. Swennen
et al. 2001: 50, 98, fig. 219. Haga 2010: 396, pl. 1193, figs 2, 3. BEDO 2017a:
168, with in-text fig. Hylleberg and Kilburn 2003: 224. Dey and Ramakrishna
2007: 160, 251-252. Nabhitabhata 2009: 510. Gopalakrishnan et al. 2012: 61.
Yang et al. 2017: 246, fig. 916. Tudu et al. 2018: table 1. Wells et al. 2021: 37.

Pholas siamensis Spengler, 1792: 88—-89. Type locality: the Gulf of Thailand, the
mouth of the river Qweda, where it goes up to Alastav. Knudsen and Jensen
2001: 547-556, figs 1-4.

Pholas (Monothyra) orientalis. Lynge 1909: 282. Aungtonya et al. 1999: 383.
Robba et al. 2002: 121, pl. 21, fig. 5. Robba et al. 2003: tables 3—-5. Dharma
2005: 270, pl. 110, fig. 25; 368, pl. 149, fig. 18a, b. Thach 2005: 304, pl. 91, fig.
6. Robba et al. 2007: 88 (appendix). Huber 2010: 473, with in-text fig. Huber
2015: C22846.

Referred material. CUF-NKNY-B05 (26L+73R shells; Figs 12U, 16H).

Habitat. Boring down to 50 cm depth in peat, soft rocks, stiff clay, or sticky
and soft sandy-mud bottoms rich in silt and detritus, often near river mouths,
from intertidal and sublittoral zones at a depth from 1 to 30 m (Poutiers 1998a;
Huber 2015).

Distribution. Indian Ocean; Indo-West Pacific, from Taiwan to Australia (Hu-
ber 2015). Records of fossils from the Middle Miocene to Holocene in Indone-
sia, Myanmar, and Thailand (Robba et al. 2002; Dharma 2005).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Poutiers (1998a), Swennen et al. (2001), and
Robba et al. (2002), specifically in having antero-dorsal reflection that has axial
supports.

Famliy Teredinidae Rafinesque, 1815

Teredinidae indet.
Fig. 16l

Referred material. CUF-NKNY-B14-4 (83 tube pieces; Fig. 16l).
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Habitat. Boring into submerged wood and other plant material (Poutiers 1998a).

Taxonomic remarks and comparisons. The calcareous burrows have a
septum dividing the cavity in half, indicating that these burrows belong to the
shipworm family Teredinidae (e.g., Chan and Lau 2021). Due to the absence of
shells, it is impossible to assign the inhabitants to species or even genus level
based on these trace fossils.

Order Adapedonta Cossmann & Peyrot, 1909
Superfamily Solenoidea Lamarck, 1809
Family Pharidae H. Adams & A. Adams, 1856
Cultellus Schumacher, 1817

Cultellus maximus (Gmelin, 1791)
Figs 13G, 17A

Solen maximus Gmelin, 1791: 3227. Type locality: Nicobar.

Solen lacteus Spengler, 1794: 94-95. Type locality: Nicobar.

Cultellus lacteus. Tantanasiriwong 1979: 11. Morris and Purchon 1981: 325.
Nateewathana et al. 1981: 66. Aungtonya et al. 1999: 379. Robba et al. 2002:
92, pl. 12, fig. 10. Robba et al. 2007: 86 (appendix). Nabhitabhata 2009: 423.

Cultellus maximus. Subba Rao and Dey 2000: 251. Swennen et al. 2001: 47, 83,
text-fig. 121, fig. 121. Huber 2010: 271, with in-text fig. Negri et al. 2014: table
3. Huber 2015: C12478. BEDO 2017a: 48, with in-text fig. Tudu et al. 2018:
table 1. Wells et al. 2021: 18.

Referred material. CUF-NKNY-B23 (6L+3R shells; Figs 13G, 17A).

Habitat. Deeply (down to 40 cm) buried in soft mud at seaward fringes of
mangrove forests or intertidal zones down to 3 m depth (Huber 2015).

Distribution. Indian Ocean; Indo-West Pacific, from Taiwan to Borneo Island
(Huber 2015). Records of fossils from the Holocene in Thailand (Robba et
al. 2002).

Record in Thailand. Gulf of Thailand and Andaman Sea (Wells et al. 2021).

Taxonomic remarks and comparisons. Due to the large size and oblong-el-
liptical shape of shells (Robba et al. 2002; Huber 2010), we identified these
specimens as belonging to Cultellus maximus.

Siliqua Megerle von Miihlfeld, 1811

Siliqua minima (Gmelin, 1791)
Figs 121,17B

Solen minimus Gmelin, 1791: 3227. Type locality: Tranquebar.

Siliqua minima. Lynge 1909: 278. Swennen et al. 2001: 47, 84, text-fig. 126, fig.
126. Robba et al: 2002: 93, pl. 12, fig. 11a, b. Robba et al. 2003: tables 3-5.
Robba et al. 2007: 86 (appendix). Nabhitabhata 2009: 424. Negri et al. 2014:
table 3. Yang et al. 2017: 218, fig. 822. Wells et al. 2021: 19.

Siliqua cf. minima. Hylleberg and Kilburn 2003: 195-196, pl. 8, fig. 10. Thach
2005: 281.

Siliqua (Neosiliqua) minima. Huber 2010: 273, with in-text fig. Huber 2015: C12603.
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Figure 17. Bivalves and other invertebrates A Cultellus maximus B Siliqua minima C Dentalium variabile D Thalassina sp.
E Fistulobalanus kondakovi F Megabalanus cf. tintinnabulum G Temnotrema siamense.

Referred material. CUF-NKNY-B16 (6L+6R shells; Figs 121, 17B).

Habitat. Sand and mud bottoms from intertidal zones down to 30 m depth
(Huber 2015).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to the Philippines
(Robba et al. 2002; Huber 2015). Records of fossils from the Holocene in
Thailand (Robba et al. 2002).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Robba et al. (2002) and Huber (2010), specifical-
ly in having an ovate-rectangular and inequilateral shell with a widely rounded
and deep pallial sinus, the lower border of which coincides with the pallial line,
and a thin and slightly oblique inner rib.
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Class Scaphopoda Bronn, 1862
Order Dentaliida Starobogatov, 1974
Family Dentaliidae Children, 1834
Dentalium Linnaeus, 1758

Dentalium variabile Deshayes, 1826
Figs 12H, 17C

Dentalium variabile Deshayes, 1826: 352—-353, pl. 16, fig. 30. Type locality: pos-
sibly India. Scarabino 1995: 200-201, fig. 16d, e. Robba et al. 2003: tables 1,
3-5. Robba et al. 2004: 13, pl. 1, fig. 1. Steiner and Kabat 2004: 660. Chaiwath-
ee et al. 2007: table 1. Robba et al. 2007: 89 (appendix). Sahlmann and Poppe
2010: 406, pl. 1198, fig. 8. Negri et al. 2014: tables 3, 4. Wells et al. 2021: 164.

Dentalium (Lentigodentalium) variabile. Dey and Ramakrishna 2007: 162, 257.

Referred material. CUF-NKNY-001 (48 shells; Figs 12H, 17C).

Habitat. Mud bottoms from a depth of 10-75 m (Robba et al. 2004).

Distribution. Indo-West Pacific, from Japan to Reunion Island and New Cale-
donia. Records of fossils from the Quaternary in Thailand (Robba et al. 2004).

Record in Thailand. Gulf of Thailand (Wells et al. 2021).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Scarabino (1995) and Robba et al. (2004), spe-
cifically in having a polygonal cross-section of apex and a circular aperture. See
also comprehensive taxonomic remarks in Scarabino (1995).

Phylum Arthropoda

Subphylum Crustacea Briinnich, 1772
Class Malacostraca Latreille, 1802
Order Decapoda Latreille, 1802
Family Thalassinidae Latreille, 1831
Thalassina Latreille, 1806

Thalassina sp.
Figs 131,17D

Referred material. CUF-NKNY-009 (130 pieces; Figs 13I, 17D).

Habitat. Littoral and sublittoral zones, mangrove swamps and forests, and
edges of estuaries (Ngoc-Ho and de Saint Laurent 2009).

Distribution. Indo-West Pacific, from Japan to Australia (Hyzny and de Ange-
li 2022). Records of fossils from the Miocene to Holocene in Indo-West Pacific,
and from the Oligocene in Italy (HyZny and de Angeli 2022).

Taxonomic remarks and comparisons. These specimens are assigned to
Thalassina based on descriptions in Ngoc-Ho and de Saint Laurent (2009),
Sakai and Tiirkay (2012), and Hyzny and de Angeli (2022), specifically in having
a subchelate pereiopod 1 with its propodus having dorsomesially tuberculated
or spinuous carinae. There is a total of 13 species within this genus (Hyzny
and de Angeli 2022), in which three species, T. anomala (Herbst, 1804), T. grac-
ilis Dana, 1852, and T. squamifera De Man, 1915, are recorded from Thailand
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(Ngoc-Ho and de Saint Laurent 2009; Sakai and Turkay 2012) (but see the com-
ment on the record of T. squamifera in Thailand in Moh et al. (2013)). However,
the pereiopod 1 observed in our specimens is shorter and has a more quadrate
shape. The dactylus that has a hooked tip is nearly as long as the fixed finger,
suggesting an as yet unidentified species.

Class Thecostraca Gruvel, 1905

Subclass Cirripedia Burmeister, 1834
Order Balanomorpha Pilsbry, 1916

Family Balanidae Leach, 1817

Subfamily Amphibalaninae Pitombo, 2004
Fistulobalanus Zullo, 1984

Fistulobalanus kondakovi (Tarasov & Zevina, 1957)
Figs 12K, 17E

Balanus amphitrite var. kondakovi Tarasov & Zevina, 1957: 179, 191, fig. 76a—d.
Type locality: Japan.

Balanus kondakovi. Henry and Mclaughlin 1975: 114-123, text-figs 21, 22b, c, f;
pl. 2, figs a—m. Yamaguchi 1977a: pl. 19, figs 6, 7; pl. 20, figs 4, 8, 12; pl. 21,
fig. 4; pl. 22, figs 13-18. Yamaguchi 1977b: 176, 178, text-fig. 18. Kim and
Kim 1980: 176, pl. 6, figs 1-8. Yamaguchi 1980: tables 1, 2. Jones et al. 2000:
279. Puspasari et al. 2000: tables 1, 2. Kim 2011: 119-121, fig. 64.

Balanus amphitrite kondakovi. Rosell 1973: 88, fig. 8a—j. Newman and Ross
1976: 63.

Fistulobalanus kondakovi. Zullo 1984: 1330. Pitombo 2004: 275. Prabowo and
Yamaguchi 2005: table 3, fig. 3f. Chan et al. 2009: 248-251, figs 214-217.
Jones and Hosie 2016: 287-288. Kepel’ 2018: 50-51, fig. 1. Kim 2020: 75-
78, figs 48, 49, table 2. Karasawa and Kobayashi 2022: 71, pl. 5, fig. 10a, b.

Referred material. CUF-NKNY-006-1 (217 individuals; Figs 12K, 17E).

Habitat. Attached to hard substrates, mainly shells of oysters and gastropod
molluscs and stalks of seaweed, as well as wooden piles and supports, bam-
boo, various objects installed under water on muddy beds for oyster culture,
and buoys, in freshened closed inner parts of bays and estuarine coastal areas,
from intertidal to subtidal zones (Henry and Mclaughlin 1975; Chan et al. 2009;
Kepel' 2018).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to New Zealand
(Henry and Mclaughlin 1975; Puspasari et al. 2000; Jones and Hosie 2016).
Records of fossils from the Pleistocene and Holocene in Japan (Yamaguchi
1977b; Karasawa and Kobayashi 2022).

Record in Thailand. Gulf of Thailand (Henry and Mclaughlin 1975; Puspasari
et al. 2000).

Taxonomic remarks and comparisons. The subfamily Amphibalaninae was
erected to incorporate most of the species under the Balanus amphitrite com-
plex/group (Pitombo 2004). Currently, there are a total of six species from this
subfamily recorded from Thailand: Amphibalanus amphitrite (Darwin, 1854),
A. reticulatus (Utinomi, 1967), A. thailandicus (Puspasari, Yamaguchi & Ang-
supanich, 2001), A. variegatus (Darwin, 1854), Fistulobalanus kondakovi (Tarasov
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& Zevina, 1957), and F. patelliformis (Bruguiére, 1789) (Henry and Mclaughlin
1975; Puspasari et al. 2000, 2001; Pochai et al. 2017). The presence of two or
more rows of parietal tubes on shell walls assigns these specimens to the genus
Fistulobalanus (Zullo 1984; Chan et al. 2009). We attribute these specimens to F.
kondakovi because of the smooth outer surface of shells without any longitudi-
nal ribs (Henry and Mclaughlin 1975; Chan et al. 2009; Kim 2011; Kepel' 2018).

Subfamily Megabalaninae Leach, 1817
Megabalanus Hoek, 1913

Megabalanus cf. tintinnabulum (Linnaeus, 1758)
Figs 13F, 17F

cf. Lepas tintinnabulum Linnaeus, 1758: 668. Type locality: Amboina, Indonesia
[lectotype designation by Henry and McLaughlin (1986)].

cf. Balanus (Megabalanus) tintinnabulum tintinnabulum. Pilsbry 1916: 55-57,
pl. 10, fig. 1, 1e. Hiro 1939: 258, fig. 7a—b.

cf. Balanus tintinnabulum var. tintinnabulum. Oliveira 1941: 11-14, text-fig. 1, pl.
2,figs. 1, 2; pl. 4, fig. 1; pl. 5, fig. 3; pl. 8, fig. 6.

cf. Balanus tintinnabulum. Holthuis and Heerebout 1972: 24-31, pl. 1, fig. a—e.

cf. Megabalanus tintinnabulum. Newman and Ross 1976: 68. Henry and Mc-
Laughlin 1986: 17-21, figs 1e, 2a, g, h, 3a-c, 5a-I. Jones et al. 2000: 282. Pit-
ombo 2004: 275. Lozano-Cortés and Londofio-Cruz 2013: 466-467. Jones
and Hosie 2016: 289-290. Pochai et al. 2017: 28-29, fig. 11

Referred material. CUF-NKNY-006-2 (2 individuals; Figs 13F, 17F).

Habitat. Attached on low exposed rocky shores in littoral areas, ship bot-
toms, and floating pontoons (Chan et al. 2009; Jones and Hosie 2016)

Distribution. Cosmopolitan (Jones and Hosie 2016).

Record in Thailand. Andaman Sea (Pochai et al. 2017). This is the first re-
cord of this species from Gulf of Thailand.

Taxonomic remarks and comparisons. These specimens are tentatively
identified as belonging to Megabalanus tintinnabulum based on the descrip-
tions and figures in Henry and McLaughlin (1986), Chan et al. (2009), and Po-
chai et al. (2017), specifically in having large cylindrical shells with smooth
parietal surfaces and without spines.

Phylum Echinodermata

Class Echinoidea Schumacher, 1817
Order Camarodonta Jackson, 1912
Family Temnopleuridae Agassiz, 1872
Temnotrema Agassiz, 1864

Temnotrema siamense (Mortensen, 1904)
Figs 12T,17G

Pleurechinus siamensis Mortensen, 1904: 79-82, pl. 1, figs 2, 7, 11, 20; pl. 2,
figs 2,9, 14, 15, 22; pl. 6, figs 16, 36; pl. 7, figs 14, 44, 53. Type locality: Koh
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Mesan, 3-15 fathoms; Koh Chuen, 15-38 faths.; Koh Kram, 20-30 faths.;
Koh Kahdat, 10 faths.

Temnotrema siamense. Clark 1925: 92. Mortensen 1940: 45. Mortensen and
Gislén 1940: 103. Mortensen 1943: 259-262, fig. 139. Clark and Rowe 1971:
155. Price 1981: 8. Liao 1998: table 1. Lane et al. 2000: 485. Samyn 2003:
table 2. Marsh and Morrison 2004: tables 1, 2, 5. Gopalakrishnan et al. 2012:
32. Filander and Griffiths 2014: 53. Schultz 2015: 258, 263-264, fig. 4.169b,
c. Arachchige et al. 2017: table 3. Putchakarn 2018: 57, table 1. Arachchige
et al. 2019: table 1. Kohler 2020: 9, 72-73, pl. 14, figs 11, 14. Mucharin and
Sumitrakij 2022: 6, pl. 4, fig. 1.

Temnotrema siamensis. Putchakarn and Sonchaeng 2004: table 1.

Referred material. CUF-NKNY-002 (23 shells; Figs 12T, 17G).

Habitat. Coarse and high energy subtidal sand from a depth of 5-350 m
(Price 1981; Schultz 2015).

Distribution. Persian Gulf and Indian Ocean; Indo-West Pacific, from South
China Sea to Australia (Mortensen 1904; Price 1981; Schultz 2015; Arachchige
etal. 2019).

Record in Thailand. Gulf of Thailand and Andaman Sea (Putchakarn and
Sonchaeng 2004).

Taxonomic remarks and comparisons. This species is recognised based on
the descriptions and figures in Mortensen (1904), Clark and Rowe (1971) and
Schultz (2015), specifically in having deep horizontal grooves in ambulacral
and interambulacral plates and in lacking a horizontal series of tubercles.

Phylum Chordata

Subphylum Vertebrata Lamarck, 1801

Class Chondrichthyes Huxley, 1880

Subcohort Selachimorpha Nelson, 1984
Superorder Galeomorphii Compagno, 1973
Order Carcharhiniformes Compagno, 1977
Family Carcharhinidae Jordan & Evermann, 1896
Carcharhinus Blainville, 1816

Carcharhinus cf. amblyrhynchoides (Whitley, 1934)
Fig. 18A-E

cf. Gillisqualus amblyrhynchoides Whitley, 1934: 189-191, text-fig. 4. Type
locality: Cape Bowling Green, Queensland.

cf. Carcharhinus amblyrhynchoides. Compagno 1984: 458-459, with in-text
figs. Krajangdara et al. 2022: 49, with in-text figs.

Referred material. CUF-NKNY-S3-2 (Fig. 18A—E) (1 upper tooth).

Description. The crown of CUF-NKNY-S3-2 is triangular and erect with fine serra-
tions and displays well-developed heels mesially and distally. Its lingual face is dis-
tinctly more convex than the labial one. Its base presents a damaged lingual face.

Habitat. Tropical, inshore and offshore, coastal-pelagic species, found over
the continental and insular shelves (Compagno 1984).
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Distribution. Gulf of Aden and Indian Ocean; Indo-West Pacific, from south-
ern China to Australia (Compagno 1984).

Record in Thailand. Gulf of Thailand and Andaman Sea (Compagno 1984;
Krajangdara et al. 2022).

Taxonomic remarks and comparisons. The specimen CUF-NKNY-S3-2 rep-
resents an anterior upper tooth. Several species of Carcharhinus have similar
upper teeth in terms of morphology. Additional teeth and larger assemblag-
es are needed for a more precise identification. Nevertheless, the tooth most
resembles the upper teeth of C. amblyrhynchoides (Garrick 1982: fig. 20).
Male individuals of C. brachyurus have somewhat similar upper teeth (Garrick
1982: fig. 51), but the mesial cutting edge of their crown is often more convex.
Carcharhinus limbatus also shows the same characters, but the serration on
the cusps at the base of the crown is much finer (Bass et al. 1973: pl. 5; Garrick
1982: fig. 18). The pattern of serration also resembles that of the lower teeth
of C. sorrah, although in the latter, the base of the root is more concave and the
heels of the crown are better developed, the teeth being longer mesio-distally
than high baso-apically (Voigt and Weber 2011). Regarding the fossil record in
Southeast Asia, similar teeth have been reported from the Late Miocene depos-
its of Brunei in Borneo (Kocsis et al. 2019).

Carcharhinus cf. amblyrhynchos (Bleeker, 1856)
Fig. 18F-J

cf. Carcharias (Prionodon) amblyrhynchos Bleeker, 1856: 467-468. Type locali-
ty: Java Sea near Solombo Island.

cf. Carcharhinus amblyrhynchos. Compagno 1984: 459-461, with in-text figs.
Krajangdara et al. 2022: 49, with in-text figs.

Referred material. CUF-NKNY-S3-10 (Fig. 18F-J) (1 upper tooth).

Description. The crown of CUF-NKNY-S3-10 displays a rather narrow main
cusp with well-developed heels. The main cusp is regularly serrated, with an
almost straight mesial edge and a distal one that is slightly concave. It is thus
inclined distally. The labial side of the main cusp is nearly flat, whereas the
lingual one is convex. Both the mesial and distal heels of the crown are poorly
preserved and their serration pattern cannot thus be observed. The base of the
root is concave and the nutritive groove on the bulged lingual face is poorly
developed or heavily worn. The labial face of the root is nearly flat.

Habitat. Continental and insular shelves and adjacent oceanic waters (Com-
pagno 1984).

Distribution. Indo-western to Central Pacific (Compagno 1984).

Record in Thailand. Gulf of Thailand and Andaman Sea (Compagno 1984;
Krajangdara et al. 2022).

Taxonomic remarks and comparisons. The general shape of the crown,
the regular serration of the main cusp, and the arched root are reminiscent of
C. amblyrhynchos (Bass et al. 1973; Garrick 1982; Kocsis et al. 2019; Malysh-
kina et al. 2023), but the poorly preserved heels of the teeth make a definite
identification difficult to ascertain.
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Figure 18. Carcharhinid shark teeth A—E Carcharhinus cf. amblyrhynchoides, specimen CUF-NKNY-S3-2 in A lingual B
labial C mesial D distal and E apical views F—J Carcharhinus cf. amblyrhynchos, specimen CUF-NKNY-S3-10 in F lingual
G labial H mesial I distal and J apical views.

Carcharhinus cf. leucas (Valenciennes, 1839)
Fig. 19

cf. Carcharias (Prionodon) leucas Valenciennes in Miiller & Henle, 1839: 42-43.
Type locality: Antilles.

cf. Carcharhinus leucas. Compagno 1984: 478-481, with in-text figs. Krajang-
dara et al. 2022: 52, with in-text figs.

Referred material. CUF-NKNY-QO04 (Fig. 19A-1), CUF-NKNY-SA-1 (Fig. 19J-N),
CUF-NKNY-SB-3, CUF-NKNY-SC-5 (4 upper teeth).
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Description. Crowns show well-developed serrations, becoming larger and
more complex in the basal part of the distal side of the crown. In labial or lin-
gual view, the mesial side is almost straight, whereas the distal one is concave
in its lower third. The outline of the base of the crown is more concave on the
lingual face than on the labial one. The root is deep, slightly concave at its base,
and does not display a nutritive groove in lingual view.

Habitat. Close inshore in reef-associated marine habitats, mostly in water
less than 30 m depth (Compagno 1984; Krajangdara et al. 2022).

Distribution. Cosmopolitan in tropical and subtropical seas, but also report-
ed from estuaries and rivers, tolerant of freshwater conditions (Compagno
1984).

Record in Thailand. Gulf of Thailand and Andaman Sea (Compagno 1984;
Krajangdara et al. 2022).

Taxonomic remarks and comparisons. Teeth of C. amboiensis are very sim-
ilar to those of C. leucas so that it is very difficult to differentiate them (Kocsis
et al. 2019). As a result, ten incomplete teeth may belong either to C. leucas
or C. amboiensis: CUF-NKNY-S2-1, CUF-NKNY-S3-9, CUF-NKNY-S5-1, CUF-
NKNY-S5-5, CUF-NKNY-SA-6, CUF-NKNY-SB-2, CUF-NKNY-SC-10, CUF-NKNY-
SD-7, CUF-NKNY-SE-3 and CUF-NKNY-SE-9.

Carcharhinus cf. sorrah (Valenciennes, 1839)
Fig. 20

cf. Carcharias (Prionodon) sorrah Valenciennes in Miiller & Henle, 1839: 45-46,
pl. 16. Type locality: Java.

cf. Carcharhinus sorrah. Compagno 1984: 500-501, with in-text figs. Krajang-
dara et al. 2022: 57, with in-text figs.

Referred material. CUF-NKNY-3.1 (Fig. 20A-G), CUF-NKNY-3.2 (Fig. 20H-N)
(2 upper teeth).

Description. The crown is compressed labio-lingually. The labial face is
slightly flatter than the lingual one. The cusp is inclined distally and presents a
notch on its distal part. The serrations do not reach the apex of the main cusp
and are enlarged, becoming more complex basally, especially on the distal heel.
The mesial edge of the crown is almost straight in labial or lingual view. The
base of the root is slightly concave in lingual or labial view. There is a well-de-
veloped groove with a nutritive foramen at the base of the root in lingual view.

Habitat. Coastal, shallow-water zones of the continental and insular shelves,
primarily around coral reefs at intertidal zones down to 73 m depth (Compagno
1984, Krajangdara et al. 2022).

Distribution. Red Sea and Indian Ocean; Indo-West Pacific, from China to
Australia (Compagno 1984).

Record in Thailand. Gulf of Thailand and Andaman Sea (Compagno 1984;
Krajangdara et al. 2022).

Taxonomic remarks and comparisons. Some upper teeth of C. sorrah appear
to display a mesial cutting edge slightly more convex than on our specimens,
but this character is known to depend on ontogenetic stages and the position
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Figure 19. Carcharhinid shark teeth - Carcharhinus cf. leucas A=l specimen CUF-NKNY-QO04 in A lingual B labial and C-F
different apical views G-I close-ups on the serrations of the distal cutting edge at the level of G distal heel and mesial
cutting edge at the level of H upper part of the cusp and I heel. J-N specimen CUF-NKNY-SA-1 in J lingual K labial L
mesial M distal and N apical views.

of the teeth in the jaw (e.g., Bass et al. 1973: pl. 13; Garrick 1982: fig. 76). Ju-
veniles of C. dussumieri may have upper teeth with similar characteristics, but
the distal cutting edge of the main cusp is not serrated. This latter character
appears in larger specimens, but the mesial cutting edge of the main cusp be-
comes slightly concave. In addition, the distal heels and the distal root lobe
of the fossil teeth are more elongated than the upper teeth of C. dussumieri
(White 2012).
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Figure 20. Carcharhinid shark teeth - Carcharhinus cf. sorrah A—G specimen CUF-NKNY-3.1 A lingual B apical C labial D
mesial and E distal views F, G close-ups of the serration F on the distal heel and G on the middle part of the cusp mesial
cutting-edge H-N specimen CUF-NKNY-3.2 H lingual | apical J labial K mesial and L distal views M close-up of the ser-
ration on the lower part of the mesial cutting-edge and N close-up of the serration between the heel and the base of the
distal cutting edge.
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Carcharhinus spp.
Figs 21,22

Referred material. CUF-NKNY-16.1 (Fig. 21A-G), CUF-NKNY-S2 (Fig. 21H-L),
CUF-NKNY-S3-4, CUF-NKNY-S3-8, CUF-NKNY-S4-7 (5 lower teeth), CUF-NKNY-S1
(Fig. 22A-H), CUF-NKNY-S3-7 (two upper teeth).

Description. The specimens CUF-NKNY-16.1, CUF-NKNY-S3-4, CUF-
NKNY-S3-8, and CUF-NKNY-S4-7 display a narrow main cusp that is inclined
lingually. Their labial face is flatter than the lingual one. The serrations are
well-developed in the upper two-third of the cusp. The serrations appear to be
very fine on the mesial and distal heels in CUF-NKNY-16.1, CUF-NKNY-S3-4,
and CUF-NKNY-S3-8, but the serrations are damaged in CUF-NKNY-S4-7. The
root is well preserved only in CUF-NKNY-S3-4 and CUF-NKNY-S3-8, both of
which display a slightly arched base, a moderately bulged lingual face with a
nutritive foramen in its centre in CUF-NKNY-S3-4 and a faint nutritive groove
in CUF-NKNY-S3-4. The specimen CUF-NKNY-S2 is asymmetric, with a mesial
heel almost twice as elongated as the distal one and displays a sigmoid main
cusp in labial or lingual view as well as in mesial or distal view, separated
from the distal heel by a notch. The heels are serrated, but the main cusp is
smooth. This tooth appears quite bulbous in mesial or distal view, being less
compressed labio-lingually than the specimens described above. There is a
well-developed nutritive groove on the root in lingual view, forming a basal
notch in labial view.

A heavily worn tooth (CUF-NKNY-S3-7) is better attributed to an upper tooth.
The lingual and distal faces of the crown are strongly damaged and a part of
the distal end of the root is missing. The serration is only preserved in the mid-
dle part of the mesial cutting edge and appears to be quite regular. The root has
a basal face slightly arched with a well-developed nutritive groove on its lingual
face, forming a notch at the base of the root in labial view.

Another upper tooth, CUF-NKNY-S1, displays a crown with a quite coarse,
irregular serration pattern nearly reaching the apex of the main cusp. The latter
is bent lingually and slightly inclined distally. Its root shows a well-developed
nutritive groove in lingual view, forming a notch at the base of the root in labial
view. Apart from this notch, the base is almost straight.

Taxonomic remarks and comparisons. Lower teeth of C. amblyrhynchos
(C. wheeleri in Garrick (1982): fig 51) display features similar to the specimen
CUF-NKNY-16.1. They are characterised by a narrow main cusp that displays
serrations ending at mid-height. Some of the lower teeth of C. longimanus also
have these morphological patterns, though their crown is often more robust
and wider at their base (Bass et al. 1973: pl. 17; Garrick 1982: fig. 70). Never-
theless, teeth very similar to the specimens CUF-NKNY-16.1, CUF-NKNY-S3-4,
CUF-NKNY-S3-8, and CUF-NKNY-S4-7 from the Pliocene of Italy were attributed
to C. longimanus (Marsili 2007).

The sigmoid crown of the specimen CUF-NKNY-S2 is reminiscent of the pos-
terior lower teeth of C. borneensis and C. tjutjot (Voigt and Weber 2011). The
dentition attributed to C. dussumieri by Voigt and Weber (2011) belongs in fact
to C. tjutjot (White 2012). A sigmoid cusp, when present, is less developed in
C. sealei and C. sorrah (Voigt and Weber 2011), and the distal heel is coarsely
serrated in C. coatesi (White 2012). The morphology of the crown recalls that
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Figure 21. Carcharhinid shark teeth - Carcharhinus spp. A—G specimen CUF-NKNY-16.1 in A lingual B labial C mesial
D distal and E, F apical views G close-ups of the serration on the upper part of the cusp mesial cutting edge in lingual
view H-L specimen CUF-NKNY-S2 in H labial I apical J lingual K mesial and L distal views.

of Rhizoprionodon, but in the latter genus, the distal heel is often more convex
than in the specimen CUF-NKNY-S2 (Cappetta 2012: fig. 283; Carrillo-Bricefo
et al. 2015). This set of lower teeth is therefore attributed to the genus Carchar-
hinus but represents more than a single species, whereas the specimen CUF-
NKNY-S3-7 is poorly preserved. Moreover, the posterior part is only preserved
in the specimen CUF-NKNY-S1 and this does not allow us to reach the spe-
cies-level identification.

There are 27 species of the genus Carcharhinus reported from the Southeast
Asian region (Froese and Pauly 2024), and at least 20 taxa were recorded in
Thai waters (Krajangdara et al. 2022) including all the ones mentioned above.
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Figure 22. Carcharhinid shark teeth - Carcharhinus sp. A—H specimen CUF-NKNY-S1 in A lingual B labial C mesial D distal
and E, F apical views G, H close-ups on the serration G at mid-height of the cusp mesial cutting-edge and H at the level
of the distal heel and base of the cusp.

Glyphis Agassiz, 1843

Glyphis sp.
Figs 23-28

Referred material. CUF-NKNY-8.2 (Fig. 23A—H), CUF-NKNY-QO03 (Fig. 24A—H),
CUF-NKNY-S5-2, CUF-NKNY-S5-4, CUF-NKNY-S5-6, CUF-NKNY-S5-7, CUF-NKNY-
SA-2 to 5 CUF-NKNY-SA-7, CUF-NKNY-SA-8, CUF-NKNY-SB-1, CUF-NKNY-
SB-4 to 9, CUF-NKNY-SC-1, CUF-NKNY-SC-3 (Fig. 25A-E), CUF-NKNY-SC-4,
CUF-NKNY-SC-6, CUF-NKNY-SC-8, CUF-NKNY-SC-9, CUF-NKNY-SD1 to 3
(Fig 25F-J), CUF-NKNY-SD6, CUF-NKNY-SD-8 to 10, CUF-NKNY-SE1 to 2, CUF-
NKNY-SE-4 to 7, CUF-NKNY-SE-10 to 15, CUF-NKNY-SE-17 to 18 (46 upper
teeth), CUF-NKNY-14 (Fig. 26A-H), CUF-NKNY-S1-1 to 4 (Fig. 261-M), CUF-
NKNY-S3-1 (Fig. 27A-E), CUF-NKNY-S3-5 to 6 (Fig. 27F-J), CUF-NKNY-S4-1 to
2 (Fig. 28A-E), CUF-NKNY-S4-4 to 6 (Fig. 28F-J) (13 lower teeth).
Description. Many teeth are poorly preserved. The crown of the upper teeth
is triangular in outline, with a concavity at the base on both the mesial and
distal sides in labial and lingual view, although the distal one is better marked,
especially in anterior teeth (CUF-NKNY-S5-7). The serrations are quite fine
and homogeneous in size along the cutting edges. The crown is strongly
compressed labio-lingually and may be slightly curved lingually. When being
broken, the crown displays a pulp cavity compressed labio-lingually, indicat-
ing an orthodont tooth histology (CUF-NKNY-SE-11). The base of the root is
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100 um

Figure 23. Carcharhinid shark teeth - Glyphis sp. specimen CUF-NKNY-8.2, upper lateral tooth in A lingual B labial C me-
sial D distal and E apical views F-H close-ups of the serration F at the base of the cusp mesial cutting-edge, G at the tip
of the cusp and H on the distal heel.

slightly concave in labial or lingual view. A well-developed nutritive groove
and/or a nutritive foramen may be present on the lower half of the lingual side
of the root.

The lower teeth may reach 40 mm in height. They are narrower and less com-
pressed labio-lingually than the upper ones. The enameloid is smooth and the
labial face of the crown is flatter than the lingual one. The main cusp is inclined
lingually, sometimes with a sigmoid outline (CUF-NKNY-S4-2, CUF-NKNY-S4-5).
Three different crown morphologies are noted. (1) On the specimens CUF-
NKNY-S1-1, CUF-NKNY-S1-2, and CUF-NKNY-S1-4, the crown is devoid of heels
and the tip of the main cusp is spearhead-shaped, the latter being regularly
serrated, whereas the rest of the crown is smooth. (2) The specimens CUF-
NKNY-S4-1 and CUF-NKNY-S4-4 have a narrow and upright triangular main cusp
devoid of serration, showing a tiny accessory cusplet on each side of the main
cusp in CUF-NKNY-S4-4 or only lingually in CUF-NKNY-S4-1. (3) On the speci-
men CUF-NKNY-S3-6, the main cusp is also upright, narrow, triangular in shape,
and serrated on their mesial and distal edges. Well-developed heels are present
on each side of the main cusp, separated from the latter by a notch. The heel is
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Figure 24. Carcharhinid shark teeth - Glyphis sp. specimen CUF-NKNY-QO03, upper anterior tooth in A lingual B labial C
mesial D distal and E apical views F—H close-ups of the serration F at the base, G in the middle and H in the upper part
of the cusp mesial cutting-edge.

sometimes less marked on the mesial side (CUF-NKNY-S3-1). The heels display
less developed serration than on the main cusp. Many teeth belonging to this
morphotype display a broken apex of the main cusp (CUF-NKNY-14).

The root displays a bulged lingual face. It is more massive and more arched in
spearhead-shaped teeth than in heeled ones. There is a nutritive groove in the lin-
gual side of the root with a nutritive foramen in its middle part that can be observed
in most of the teeth. The specimen CUF-NKNY-S1-1 displays a double groove.

Taxonomic remarks and comparisons. Upper anterior teeth (CUF-NKNY-QO03)
are more erect and narrower than the lateral ones (CUF-NKNY-8.2). Lower teeth
with a spearhead-shaped apex correspond to the larger teeth in our sample, in
agreement with the fact that this morphology is known only in anterior teeth
of adult specimens of Glyphis glyphis and G. garricki. However, lateral teeth of
these species display serrated heels and teeth of juveniles can display a pair
of tiny lateral cusplets (Compagno et al. 2008; White et al. 2015). As a result,
the three lower tooth morphotypes described above could be encountered into
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Figure 25. Carcharhinid shark teeth - Glyphis sp. A-E specimen CUF-NKNY-SC-3, upper anterolateral tooth in A lingual B
labial C mesial D distal and E apical views F-J specimen CUF-NKNY-SD-3, upper lateral tooth in F lingual G labial H mesial
| distal and J apical views.

a single species during its ontogeny. Otherwise, it could indicate the presence
of more than one species, possibly three: G. glyphis, G. garricki, and G. gan-
geticus, as the latter species often possesses anterior lower teeth with tiny
lateral cusplets but lacks the spearhead-shaped apex (Roberts 2006; Cappetta
2012). Consequently, the teeth described above are left in open nomenclature
as Glyphis sp. This taxon appears to be most common in the studied fauna,
although the discrepancies between the number of upper and lower teeth re-
covered suggest some degree of collecting bias.
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Figure 26. Carcharhinid shark teeth - Glyphis sp. A-H specimen CUF-NKNY-14, lower tooth in A lingual B labial C mesial
D distal and E apical views F-H close-ups on the serration F on the distal heel, G at the base of the cusp distal cut-
ting-edge and H in the middle part of the cusp mesial cutting-edge 1-M specimen CUF-NKNY-S1-2, lower anterior tooth
in I lingual J labial K mesial L distal and M apical views.
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Figure 27. Carcharhinid shark teeth - Glyphis sp. A—E specimen CUF-NKNY-S3-1, lower tooth in A lingual B labial C mesial
D distal and E apical views F-J specimen CUF-NKNY-S3-6, lower tooth in F lingual G labial H mesial | distal and J apical views.

The genus is specific to the Indo-West Pacific tropical region and often re-
ferred as “river shark” due to its habitat in or nearby rivers and estuaries. They
are quite rare, hence difficult to study. Five living species are known (Froese and
Pauly 2024), but DNA analyses suggest that some of these are conspecific (Li
et al. 2015). On the other hand, teeth of Glyphis are often recorded from South-
east Asia (Shimada et al. 2016; Kocsis et al. 2019 and references therein).

Scoliodon Miiller & Henle, 1837

Scoliodon cf. laticaudus Miiller & Henle, 1838
Fig. 29

cf. Carcharias (Scoliodon) laticaudus Miiller & Henle, 1838: 28-29, pl. 8. Type
locality: India.

cf. Scoliodon laticaudus. Compagno 1984: 534—-535, with in-text figs. Krajang-
dara et al. 2022: 62, with in-text figs.
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Figure 28. Carcharhinid shark teeth - Glyphis sp. A—E specimen CUF-NKNY-S4-1, lower tooth in A lingual B labial C mesial
D distal and E apical views F-J specimen CUF-NKNY-S4-4, lower anterior tooth in F lingual G labial H mesial I distal and
J apical views.

Referred material. CUF-NKNY-S3-S5 (Fig. 29A-0) (3 teeth).

Description. The specimen CUF-NKNY-S3 is a small and elongated tooth
with a low crown and a worn off root. The mesial cutting edge is concave and
smooth and continues along the mesial heel. The distal edge of the crown is
convex and separated by a notch from a distinct distal heel.
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The specimen CUF-NKNY-S4 is a well-preserved tooth, with a crown strongly
curved distally. The mesial cutting edge is sinusoid, starting convex, then be-
coming concave towards the apex. The apex of the crown overhangs distally
the basal part of the tooth. The distal cutting edge is also sinusoid, though less
so than the mesial one, and it is separated by a distinct notch from a well-devel-
oped distal heel. The enameloid of the crown extends more basally on the labial
side of the tooth. The root is thick and the lobes run rather horizontally. It bears
a well-developed and deep nutritive groove in the centre.

The cusp of the specimen CUF-NKNY-S5 is strongly sigmoid in labial and lin-
gual view, and similar to that of CUF-NKNY-S4, but its cusp is narrower and less
wide at the base, with more apparent mesial heels. The cutting edge is smooth
and does not reach the apex of the cusp on its mesial side. The heels of the
crown display faint serrations. The root is asymmetric and projected lingually
and distally. There is a well-defined groove distally on the lingual side of the
basal face, forming a deep notch in apical view.

Habitat. Tropical zones of continental and insular shelves close to inshore,
frequently in rocky areas (Compagno 1984).

Distribution. Indian Ocean; Indo-West Pacific, from Japan to Indonesia
(Compagno 1984).

Record in Thailand. Andaman Sea (Krajangdara et al. 2022).

Taxonomic remarks and comparisons. The three teeth best fit the dentition
of the modern species S. laticaudus (spadenose shark). The specimen CUF-
NKNY-S5 has a slender sigmoidal cusp and its mesial cutting edge does not
reach the apex. It displays an asymmetric root, corresponding perfectly to a
parasymphyseal tooth of a male specimen (Herman et al. 1991). The specimen
CUF-NKNY-S4 likely represents an upper anterior-anterolateral tooth, whereas
the specimen CUF-NKNY-S3 is probably a lower anterolateral tooth (see Spring-
er 1964: fig. 3a). White et al. (2010) recognised another species, S. macrorhyn-
chos, in the Western Pacific, meanwhile a molecular study also indicates the
possible third Scoliodon species from the region (Lim et al. 2022), hence these
fossil teeth are described in open nomenclature.

It may be mentioned that the specimen CUF-NKNY-S3 also resembles that
of the lower anterolateral teeth of other common sharks in Southeast Asia
(Krajangdara et al. 2022) such as Loxodon macrorhinus (sliteye shark) and
two Rhizoprionodon species, R. acutus (milk shark) and R. oligolinx (grey
sharpnose shark). For the teeth of Loxodon, the apex of the crown is higher
and somewhat aligned in a more distal position than that of the specimen
CUF-NKNY-S3 (Springer 1964: fig. 4; Bass et al. 1975: pl. 8). The teeth of R.
oligolinx seem to have a less concave mesial cutting edge (Springer 1964 fig.
13), whereas for R. acutus, the distal heel appears less elongated and verti-
cally higher, but a clear distinction is difficult here (Springer 1964: fig. 6; Bass
etal. 1975: pl. 9).

Carcharhinidae indet.

Referred material. CUF-NKNY-S3-3, CUF-NKNY-S4-3, CUF-NKNY-S5-3, CUF-
NKNY-SC-2, CUF-NKNY-SC-7, CUF-NKNY-SD-4, CUF-NKNY-SD-5, CUF-NKNY-
SD-11, CUF-NKNY-SE-8, CUF-NKNY-SE-16 (10 teeth).
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Figure 29. Carcharhinid shark teeth - Scoliodon cf. laticaudus A-E specimen CUF-NKNY-S3, lower anterolateral tooth in
A lingual B labial C mesial D distal and E apical views F-J specimen CUF-NKNY-S4, upper anterior-anterolateral tooth
in F lingual G labial H mesial I distal and J apical views K-0 specimen CUF-NKNY-S5, parasymphyseal tooth in K lingual
L labial M mesial N distal and O apical views.

Description. These teeth are poorly preserved. The crown is generally tri-
angular, more or less narrow, and symmetric with serration incompletely pre-
served. The root is broken away or does not display the details of its vascular-
isation pattern.
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Taxonomic remarks and comparisons. The presence of triangular serrated
crowns suggests that most of the teeth belong to upper ones of Carcharhi-
nus and/or Glyphis, but their poor preservation does not allow a more precise
identification. The specimen CUF-NKNY-SC-7 may represent a lower tooth of
C. leucas/C. amboinensis, but without the root and the base of the crown pre-
served, this is impossible to ascertain.

Superorder Batomorphii Capetta, 1980
Order Myliobatiformes Compagno, 1973
Family Dasyatidae Jordan & Gilbert, 1879
Pastinachus Riippell, 1829

Pastinachus sp.
Fig. 30

Referred material. CUF-NKNY-7.1 (Fig. 30A-F), CUF-NKNY-7.2 (Fig. 30G-L),
CUF-NKNY-8.1 (Fig. 30M-R) (3 teeth).

Description. The crown is hexagonal to diamond-shaped in apical view, lon-
ger mesio-distally than labio-lingually. The crown surface is rather smooth to
heavily pitted. The labial face of the crown displays a salient horizontal bulge.
There is a well-developed horizontal groove in the basal part of the crown on
the lingual face. The vascularisation of the teeth is holaulacorhize. There is a
row of small foramina positioned under the crown on the labial face and be-
tween one and four foramina present in the groove separating the two branch-
es of the root in basal view.

Taxonomic remarks and comparisons. Heavily pitted crowns probably be-
long to non-functional teeth (Adnet et al. 2019). Four species of cowtail rays
(Pastinachus ater, P gracilicaudus, P. solocirostris, and P. stellurostris) are
known in Southeast Asia (Last et al. 2016), all of them having been recorded in
Thai waters (Krajangdara et al. 2022). Regarding the nearby fossil record, teeth
of Pastinachus were reported from India, Taiwan, and Borneo (see discussion
in Kocsis et al. 2019).

Class Actinopterygii Klein, 1885
Infraclass Teleostei Miiller, 1845

Order Scombriformes Rafinesque, 1810
Family Trichiuridae Rafinesque, 1810

Trichiuridae indet.
Fig. 31

Referred material. CUF-NKNY-2.1 (Fig. 31A-F), CUF-NKNY-2.2 (Fig. 31G-K),
CUF-NKNY-18.2 (Fig. 31L-P) (3 teeth).

Description. Labiolingually flattened teeth seem to thin out at their me-
sial edge. They are covered with elongated and fine striation. This striation
becomes coarser basally and distally on the more elongated specimens
(specimens CUF-NKNY-2.1 and CUF-NKNY-2.2). The latter two teeth are
strongly curved distally with a concave distal edge and the more complete-
ly preserved specimen CUF-NKNY-2.1 bears an apical barb. The specimen
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Figure 30. Dasyatid ray teeth - Pastinachus sp. A-F specimen CUF-NKNY-7.1 in A lingual B labial C, F profile D occlusal
and E basal views G-L specimen CUF-NKNY-7.2 in G lingual H labial I, L profile J occlusal and K basal views M—-R spec-
imen CUF-NKNY-8.1 in M lingual N labial O, R profile P occlusal and Q basal views.

CUF-NKNY-18.2 has a curved mesial margin, whereas the distal one is ver-
tical and straight.

Taxonomic remarks and comparisons. The two strongly curved teeth
(specimens CUF-NKNY-2.1 and CUF-NKNY-2.2) represent fang-like features
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Figure 31. Trichiuridae indet. A—F specimen CUF-NKNY-2.1, anterior tooth in A, B lateral C anterior D posterior and E api-
cal views F close-up of the tip of the tooth G—K specimen CUF-NKNY-2.2, anterior tooth in G, H lateral I anterior J posterior
and K apical views L-P specimen CUF-NKNY-18.2, lateral tooth in L, M lateral N anterior O posterior and P apical views.

from the front of the jaw, while the specimen CUF-NKNY-18.2 comes from a
rather distal position. This latter tooth resembles somewhat the lateral teeth
of Sphyranea (barracuda, e.g., Gottfried et al. 2017), but those are more sym-
metrical. The global species database (Fishbase: www.fishbase.org) reports
twenty-seven cutlassfishes from the wider region of South and Southeast Asia
(Froese and Pauly 2024). Two common genera, Trichurus and Lepuracanthus,
contain some species that bear such barbed fang-like teeth (Nakamura and
Parin 1993; 1998).
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Order incertae sedis in Eupercaria Betancur-R. et al., 2014
Family Sciaenidae Cuvier, 1829
Johnius Bloch, 1793

Johnius sp.
Fig. 32

Referred material. CUF-NKNY-16.2 (Fig. 32A-D) (1 right sagitta otolith).

Description. Thick otolith with a smooth external surface, whereas the inter-
nal surface bears a sulcus characteristic of the genus. The ostium is shallow,
vertically positioned, higher than long, and it widens ventrally. The anterior and
horizontal portion of the cauda is short and shallow, then opening posteriorly
into a deep caudal funnel with an external circular shape.

Taxonomic remarks and comparisons. Otoliths of Johnius are unique and have
distinct characteristics that make them easily distinguishable from those of oth-
er sciaenids or teleosts (Schwarzhans 1993). There are 21 species of Johnius in
Southeast Asia (Froese and Pauly 2024), and most of them inhabit shallow coastal
waters and estuaries but some species are capable of entering rivers. They are also
known from the fossil records in Japan (Ohe 1976) and Taiwan (Lin et al. 2022).

Figure 32. Sciaenid otolith of Johnius sp., specimen CUF-NKNY-16.2, right sagitta otolith in A inner B external C anterior
and D posterior views.

Discussion

Based on the survey of mid-Holocene marine faunas from the clay pit of Na-
khon Nayok Province in Thailand, many fossils of molluscs together with oth-
er invertebrates and vertebrates have been found in the Bangkok clay layer at
a depth of ~ 5-7 m below the surface. The faunal assemblages, especially
molluscs (Table 2), depict the palaeo-ecosystem of the area at that time as
corresponding to the intertidal to sublittoral zones. Some molluscan taxa, i.e.,
Cerithidea obtusa, Pirenella incisa, Telescopium telescopium, Ellobium aurisju-
dae, Cassidula nucleus, and Geloina bengalensis, also indicate that some parts
of the area corresponded to mangrove forests and intertidal mudflats. The oc-
currence of mangrove forests has previously been corroborated by evidence
of peat and pollens from the same, as well as nearby, sites (Songtham et al.
2007, 2015). In this study, several described mollusc taxa correspond to those
reported from the Lower Central Plain of Bangkok and Samut Prakan and from
the inland of Phetchaburi coasts (Somboon 1988; Somboon and Thiramongkol
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1992; Robba et al. 2007; Negri 2009, 2012; Surakiatchai et al. 2018), suggesting
similar paleoenvironments of these sites.

Most of the marine and mangrove shells were found at a depth of 2.2 m be-
low the uppermost part of a marine clay layer. The carbon-14 dating analysis in-
dicates a mid-Holocene age for this level as being approximately 5,900-5,300
cal yr BP, whereas charcoal material was found at a greater depth of 2.2-4.6 m,
spanning approximately an age from 8,800 to 5,700 cal yr BP (Table 1). Howev-
er, the abundance of tree trunks and carbonised woods as well as the accumu-
lation of peat at greater depth than most shells indicate the predominance of
mangrove forests, suggesting an early stage of marine incursion further inland
(Songtham et al. 2007). The ages of the Bangkok Clay deposits determined by
this study are also in good agreement with those retrieved by Songtham et al.
(2007). This duration corresponds to the depositional stage 2 (7,000-3,000 cal
yr BP), a marine transgression time proposed by Tanabe et al. (2003). During
this stage, a large mud shoal was formed around Samut Prakan Province and
the Chao Phraya delta prograded toward the head of the palaeo-Gulf of Ayuttha-
ya southward (Fig. 33; Tanabe et al. 2003). However, our chronological results
suggest that the area of Ongkharak, Nakhon Nayok in central Thailand was pos-
sibly an ancient coastal shoreline between 7,900 and 5,300 cal yr BP, which
was located further southward compared to the palaeogeographic scheme
proposed by Tanabe et al. (2003).

The vertebrate fauna is dominated by cartilaginous fishes, among which
the family Carcharhinidae is most common (Table 3). The genus Glyphis, also
known as “river shark”, is dentally most abundant in the area due to its habitat

Table 2. Molluscan species assemblages from the Bangkok Clay deposits of Ongkharak in Nakhon Nayok recovered in the
present study and from other sites retrieved from previous literature (indicated by an asterisk). NA = data not available.
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1. Homalopoma cf. sangarense - - - - Sublittoral Sand, hard
2. Neripteron violaceum - - - Intertidal, mangrove Mud, hard
3. Nerita articulata * - - - Intertidal, mangrove Mud, hard
4. Cerithidea obtusa - * - - Intertidal, mangrove Mud, hard
5. Pirenella incisa - - - - Intertidal, mangrove Mud
6. Telescopium telescopium - - - - Intertidal, mangrove Mud
7. Eunaticina papilla - * - - Intertidal—sublittoral Sand
8. Natica stellata - * - - Sublittoral Sand
9. Natica vitellus - * - - Intertidal— sublittoral Sand, mud
10. Paratectonatica tigrina * * * * Intertidal— sublittoral Sand, mud
11. Ergaea walshi - * - - Intertidal— sublittoral Hard
12. Bufonaria rana - - - - Sublittoral Sand, mud
13. Merica elegans - - - - Sublittoral Sand, mud
14. Scalptia scalariformis - * - - Sublittoral Sand, mud
15. Pseudoneptunea varicosa - * - - Sublittoral NA
16. Brunneifusus ternatanus * - - - Sublittoral Sand, mud
17. Nassarius micans - * - - Intertidal— sublittoral Sand
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Class

18.
19
20.
21.
22.
23.
24.
25.
26.

Gastropoda

27.
28.
29.
30.
31.
32.
33.
34.
35.
Bivalvia

Species in this study

Nassarius siquijorensis

. Chicoreus capucinus

Indothais gradata
Indothais lacera

Murex trapa
Maoritomella vallata
Pseudoetrema fortilirata
Turricula javana
Paradrillia melvilli

Inquisitor vulpionis
Comitas ilariae
Duplicaria tricincta

Granuliterebra bathyrhaphe

Pristiterebra miranda
Architectonica perdix
Cylichna modesta
Ellobium aurisjudae
Cassidula nucleus

1. Jupiteria puellata

2. Saccella mauritiana

3. Anadara inaequivalvis
4. Anadara indica

5. Tegillarca granosa

6. Tegillarca nodifera

7. Estellacar olivacea

8. Noetiella pectunculiformis

9. Magallana cf. gigas

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
Scaphopoda

Placuna placenta
Volachlamys singaporina
Pegophysema bialata
Geloina bengalensis
Lutraria complanata
Standella pellucida

Tellinides conspicuus
Joannisiella oblonga
Dosinia dilecta
Paratapes undulatus
Placamen lamellatum
Corbula fortisulcata
Potamocorbula sp.
Martesia striata
Pholas orientalis
Teredinidae indet.
Cultellus maximus

Siliqua minima

1. Dentalium variabile

Lower Central Plain

and Chao Phraya

delta (Somboon
1988; Somboon and

Thiramongkol 1992)
Lower Central Plain of
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Bangkok and inland

of Phetchaburi coast

(Robba et al. 2007;

Negri 2009)
Ban Praksa, Samut

Prakan (Negri 2012)
Sam Roi Yot National

Park, Phetchaburi
(Surakiatchai et al.

*

2018)

Habitat

Intertidal- sublittoral
Intertidal, mangrove
Sublittoral
Intertidal— sublittoral
Sublittoral
Sublittoral
Sublittoral
Intertidal- sublittoral

Sublittoral-upper
bathyal

Sublittoral
Sublittoral
Sublittoral
Intertidal- sublittoral
Sublittoral
Sublittoral
Sublittoral
Intertidal, mangrove
Intertidal, mangrove
Sublittoral
Sublittoral
Intertidal-sublittoral
Intertidal- sublittoral
Intertidal, mangrove

Intertidal— sublittoral,
mangrove

Intertidal- sublittoral,
mangrove

Intertidal— sublittoral,
mangrove

Intertidal— sublittoral
Intertidal- sublittoral
Intertidal— sublittoral
Intertidal- sublittoral
Intertidal, mangrove
Sublittoral

Intertidal— sublittoral,
mangrove

Sublittoral
Intertidal- sublittoral
Sublittoral
Intertidal— sublittoral
Intertidal- sublittoral
Intertidal-sublittoral
Intertidal
Intertidal-sublittoral
Intertidal—sublittoral
Intertidal-sublittoral

Intertidal—sublittoral,
mangrove

Intertidal—sublittoral
Sublittoral

Substrate preference

Sand, mud
Sand, mud, hard
Hard
Mud, hard
Sand, mud
NA
Sand, mud
Sand, mud, hard
NA

Sand
Sand
Sand, mud
Sand, mud
NA
Sand, mud
Sand, mud
Sand, mud, hard
Mud, hard
Sand, mud
Sand, mud, hard
Sand, mud
Sand, mud
Mud
Sand, mud

Sand, mud

Sand, mud

Mud, hard
Sand, mud
Sand, mud, hard
Sand, mud
Mud
Sand, mud
Sand, mud

NA
Mud
Mud
Sand, mud
Sand, mud
Sand, mud, hard
NA
Hard
Sand, mud, hard
Hard
Mud

Sand, mud
Mud
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in or nearby rivers and estuaries. It is a cryptic shark that is difficult to study, but
it has been reported that these sharks also live in coastal and shallow marine
regions, while the young grow up in a river habitat where the predation pressure
is reduced (Li et al. 2015). The dominant presence of this taxon is indicative of
the vicinity of freshwater input and/or habitats close to rivers, corresponding
to the paleogeographic context of the region (Fig. 33) and the results of other
studies from the Bangkok Clay (Robba et al. 2002, 2003, 2004, 2007; Songtham
et al. 2007; Negri 2009, 2012). Several Carcharhinus species including C. am-
blyrhynchoides, C. amblyrhinchos, C. leucas, C. amboinensis, and C. sorrah were

Table 3. Fish remains recovered from the Bangkok Clay deposits of Ongkharak in Nakhon Nayok.

Class Chondrichthyes

Order Family Species No. Material

Carcharhiniformes Carcharhinidae Carcharhinus cf. amblyrhynchoides 1 tooth
Carcharhinus cf. amblyrhynchos 1 tooth
Carcharhinus cf. leucas 4 teeth
Carcharhinus leucas/ 10 teeth
Carcharhinus amboinensis
Carcharhinus cf. sorrah 2 teeth
Carcharhinus spp. 7 teeth
Glyphis sp. 59 teeth
Scoliodon cf. laticaudus 3 teeth
Carcharhinidae indet. 10 teeth

Myliobatiformes Dasyatidae Pastinachus sp. 3 teeth

Class Actinopterygii

Scombriformes Trichiuridae Trichiuridae indet. 3 teeth

incertae sedis in Eupercaria Sciaenidae Johnius sp. 1 otolith

A 8,000-7,000 cal yr BP B 7,000-6,000 cal yr BP
100 °E 101 °E 100 °E 101 °E

15°N

14°N

13°N
. Paleogulf of Ayutthaya l Alluvial fan (Mae Klong fan delta)
Bl Active zone of deposition B Detta plain

[ Mangrove [] Beach ridge

Figure 33. Paleogeographic maps illustrating the evolution of the Chao Phraya delta modified from Tanabe et al. (2003),
during A 8,000—7,000 cal yr BP and B 7,000—6,000 cal yr BP. Red stars indicate the location of the study area.
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also found. As the position of the teeth in the jaws cannot be ascertained, other
taxa could not be ruled out based on some similarities in tooth morphology.
Nevertheless, the bull shark (C. leucas) appears to be abundant and is also
known to live in freshwater environments. Moreover, the genus Scoliodon pres-
ent in the area is reported from brackish environments (Riede 2004). The other
recovered taxa, the stingray (Pastinachus), cutlassfish (Trichiuridae), and the
sciaenid Johnius are all compatible with shallow marine coastal environments,
as supported by the presence of molluscan faunas, although some species
are reported from brackish environments. Due to the fact that the fish remains
are almost entirely represented by isolated teeth and only one single otolith
has been found so far (Johnius), the rarity of this type of remains could be the
consequence of sampling biases and/or taphonomic processes. Therefore, tar-
geting otoliths in future studies could shed more light on the bony fish fauna of
the Bangkok Clay.
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Abstract

Four new inquiline social parasites are described in the dolichoderine ant genus Tapino-
ma from the Nearctic region, and keys are provided for queens and males of the Ne-
arctic Tapinoma species. The new social parasite species represent the first inquiline
species in the genus Tapinoma and the first confirmed inquilines known from the ant
subfamily Dolichoderinae. The four new species appear to be workerless inquilines that
exploit a single host, Tapinoma sessile (Say), and they represent at least two distinct life
history syndromes. Tapinoma incognitum Cover & Rabeling, sp. nov. is highly derived
morphologically and is a host-queen-tolerant inquiline. In contrast, T. inflatiscapus Cover
& Rabeling, sp. nov. shows a lesser degree of morphological modification and appears
to be a host-queen-intolerant social parasite. The life history of T. pulchellum Cover &
Rabeling, sp. nov. is presently unknown, but its close similarity to T. incognitum suggests
that it is also a host-queen-tolerant inquiline. The life history of T. shattucki Cover &
Rabeling, sp. now. is still uncertain. Our findings provide novel insights into the complex
biology of ant inquiline life history syndromes.

Key words: Brood parasitism, Dolichoderinae, Formicidae, integrative taxonomy,
inquilinism, social parasitism

Introduction

Social parasitism, the dependence of one social insect species on another
during colony founding and/or during its complete life cycle, is one of the most
intriguing life history phenomena found in the eusocial Hymenoptera (see Holl-
dobler and Wilson 1990; Bourke and Franks 1991; Buschinger 2009; Rabeling
2021 for general reviews). Most ant social parasites belong to one of three
basic life history syndromes. Temporary social parasites require the assis-
tance of a host species during colony founding only, and established colonies
of the parasite produce numerous workers and are fully independent (Wheeler
1904; Borowiec et al. 2021). Dulotic social parasites establish new colonies as
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temporary social parasites, but in mature colonies the parasite workers raid
host nests and steal their brood, some of which is eaten. The remaining brood
complete development to become host workers that feed and maintain the par-
asite colony (Holldobler and Wilson 1990). The vast majority of dulotic para-
sites are completely dependent on their host workers.

The third major life history syndrome of ant social parasites is permanent
inquilinism (Wilson 1971). Inquiline ants live within the nests of their hosts for
their entire life cycle, excepting a brief period during which dispersal (and mat-
ing in some species) occurs. In most cases the inquiline queen coexists with
one or more host queens but “castrates” the colony by suppressing or greatly
reducing the production of host sexual forms and substituting the production
of parasite sexual offspring (Kutter 1968; Rabeling and Bacci 2010). In others,
the inquiline somehow eliminates the host queen(s) or is adopted successfully
only in host colonies that have lost their queen (Wilson 1971; Rabeling et al.
2019). The inquiline worker caste is usually absent or produced in very small
numbers. Inquilines seem to be extremely rare, and their populations appear
to be few in number, small in size, and sporadically distributed (Wilson 1963).
In addition, inquiline ants are usually small and inconspicuous relative to their
hosts and are thus seldom noticed or collected, reinforcing the impression of
rarity. As a result, our knowledge of the ecology, life history, and distribution of
most inquiline ant species is fragmentary.

Inquilinism has evolved at least 57 times convergently across the for-
micoid clade of the ant tree of life, and 88 inquiline species have been
confirmed to date (Gray and Rabeling 2023). The majority of inquiline spe-
cies are concentrated in the ant subfamilies Myrmicinae and Formicinae.
Curiously, true inquilines are unknown from the subfamily Dolichoderinae,
though temporary social parasites occur with some frequency. Temporary
social parasites have been reported from the dolichoderine genera Arnoldi-
us, Azteca, Bothriomyrmex, Chronoxenus, and Dorymyrmex (Trager 1988;
Dubovikoff 2005; Longino 2007; Guerrero et al. 2010). Based on the mor-
phology of the queens, inquilinism has been suggested for Azteca nanogyna
and Azteca diabolica (Longino 2007; Guerrero et al. 2010). Both are known
from only a handful of specimens collected by canopy fogging or in flight-in-
terception traps (Longino 2007; Guerrero et al. 2010), and their hosts and
life-histories remain unknown.

Until the present, social parasites of any kind were unknown in the dolicho-
derine genus Tapinoma. Currently, 72 extant species are recognized in the ge-
nus Tapinoma and the genus is distributed globally (Bolton 2024). The North
American ant fauna contains only four described species (Fisher and Cover
2007). Tapinoma litorale Wheeler, Tapinoma schreiberi Hamm, and Tapinoma
sessile (Say) are native, whereas Tapinoma melanocephalum (Fabricius) is a
global tramp species established in Florida (Hamm 2010; Deyrup 2017). Here,
we report the first inquilines discovered in the genus Tapinoma. Curiously, the
new Tapinoma inquilines all parasitize a single host species, Tapinoma ses-
sile. The evolution of several inquilines against the complex population ge-
netic backdrop of a single, widespread host species makes this host-para-
site complex unique in the context of ant social parasitism and deserving of
further examination.

ZooKeys 1202: 111-134 (2024), DOI: 10.3897/z00keys.1202.120478 112



Stefan P. Cover & Christian Rabeling: Four new inquiline social parasite species in the ant genus Tapinoma

Materials and methods
Specimens examined

In addition to new collections, specimens from the insect collections listed be-
low were examined for this study:

CASC California Academy of Sciences, San Francisco, CA, U.S.A.

CRC C. Rabeling Collection, University of Hohenheim, Stuttgart, Germany

LACM Los Angeles County Museum of Natural History, Los Angeles, CA, U.S.A.

MCZC Museum of Comparative Zoology, Harvard University, Cambridge, MA,
US.A.

UCDC Bohart Museum of Entomology Collection, University of California at
Davis, CA, US.A.

Morphometric measurements

Specimens were examined and measured using a Leica MS5 stereomicroscope
fitted with a stage micrometer. Measurements were taken at 25x magnification.
Morphometric conventions and indices follow Bolton (1987) and modifications
described in Rabeling et al. (2007). Morphometric measurements and indices
are defined as follows in Table 1.

Table 1. Morphometric measurements and indices.

HL

HW
Cl
SL

Sl
ML

Head Length Length of the head in full face view, excluding mandibles, measured in a straight line from the midpoint
of the anterior clypeal margin to the midpoint of the posterior margin of the head. In species where the
posterior margin or the clypeal margin (or both) is concave, the measurement is taken from the midpoint of
a transverse line spanning the anteriormost or posteriormost projecting points, respectively.

Head Width Maximum width of head, not including the eye.
Cephalic Index HW*100/HL

Scape Length Maximum straight-line length of the antennal scape excluding the basal constriction or neck close to the
condylar bulb.

Scape Index SL*100/HW

Mesosoma Length Diagonal length of the mesosoma in profile from the point at which the pronotum meets the cervical

shield to the posterior base of the metapleuron.

Results

Key to the queens of Tapinoma species occurring in the Nearctic
region north of Mexico

1 Maxillary palp segments 2-4 strikingly flattened and notably broader than
palp segments 1, 5, and 6. Labial palp segments 2 and 3 also flattened.
Workers distinctly bi-colored with dark, almost black head and mesosoma
contrasting sharply with pale yellow-white metasoma and appendages.
[pantropical tramp, heated greenhouses, and buildings, outdoors in south-
ern Florida, exotic] ......c.ccooeeveiieieiicene T. melanocephalum (Fabricius)

- Maxillary and labial palp segments subcylindrical, not strikingly flattened
and broad. Workers (if present) often uniformly colored; if bicolored, differ-
ent from pattern described above...........ccooieiiiiiiiiic 2
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At least some erect hairs present on gastric tergites 1-3, sometimes short
erect hairs present on mesosomal dorsum as well. Pubescence on anten-

nal scapes short but suberect ............cccoovveiiiiiiiiic 3
Erect hairs absent on mesosomal dorsum and gastric tergites 1-3. Pubes-
cence on antennal scapes variable but generally appressed....................... 4

Short erect hairs present on mesosomal dorsum and gastric tergites 1-3. An-
tennal scapes long, projecting well beyond the posterior corners of the head,
and reaching maximum diameter between the antennal insertion and the mid-
point. Short but dense suberect pubescence present on scapes and most dor-
sal body surfaces. Palp formula (54). (Fig. 2) ............... T. inflatiscapus sp. nov.
Erect hairs absent on mesosomal dorsum. Antennal scapes short, barely, or
just reaching the posterior corners of the head, subcylindrical, tapering in di-
ameter only near the antennal insertion and near the apex. Palp formula (6,4).
[subtropical Florida, the Caribbean region, arboreal].............. T. litorale Wheeler
In full-face view, head trapezoidal, broadest near the posterior border well
behind the large compound eyes, sides straight or slightly convex (except
for the broadly rounded posterior corners), and strongly converging anteri-
orly. In lateral view, dorsal petiolar scale absent. In dorsal view, anterodorsal
margin of petiole convex; petiole broadest at midpoint ..............ccccoeeea. 5
In full-face view, head shape variable, either subrectangular or sides of
head convex with head widest at level of eyes. In lateral view, petiolar scale
either absent or forming a small, rounded node. When small node present,
shape of petiole when viewed from the rear trapezoidal or subrectangular,
dorsal margin slightly convex to flat or concave. If petiolar scale absent,
head widest at level of eyes in full-face View...........ccccccvevveeiniiiiiccieie, 6
Queen bicolored with head and mesosoma orange to dull red, often with
patches of darker infuscation, forming a strong contrast with the uniformly
black or brown gaster. Note: workers combining the following: head and
mesosoma orange to red, metasoma brown to black; in full-face view, pos-
terior margin of head concave. [mountains of southern Nevada, and central
1o southern Californial........cocoeeeeeeeeeeeeeeeeeeeeeeeeeeeeee T. schreiberi Hamm
Queen usually uniform gray or brownish gray, variable in size. Note: workers
uniform gray to yellowish brown, sometimes weakly bicolored, but never as
described above; in full-face view, posterior margin of head usually straight
or weakly convex, rarely slightly concave. [omnipresent from sub-boreal
Canada south through the Mexican highlands]. (Fig. 5)....... T. sessile (Say)
In lateral view, petiolar scale absent. In lateral view, propodeum forming a sin-
gle, flat declivitous surface. Palp formula (5,4). (Fig. 4)...... T. shattucki sp. nov.
In lateral view, petiole with a small dorsal rounded node. In lateral view,
propodeum with dorsal and posterior surfaces that meet to form a convex-
ity. Palp formula either (4,3) Or (5,4) ...ccceoiiieiieeieeeieeeeee e 7
Palp formula (5,4). Shape of petiole when viewed from the rear subrectangu-
lar, dorsal margin slightly convex to flat. In side view, propodeum subangulate
with dorsal face notably shorter than posterior face; posterior face slightly
concave. Anterior clypeal margin flat. (Fig. 3) ............... T. pulchellum sp. nov.
Palp formula (4,3). Shape of petiole when viewed from the rear trapezoidal,
broadest at apex, dorsal margin concave, rarely flat. In side view, propode-
um broadly rounded, forming an even convexity. Anterior clypeal margin
with small median impression. (Fig. 1)......cccceeveveennie. T. incognitum sp. nov.
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Key to the males of Tapinoma species occurring in the Nearctic

1

Males minute, wings short, deformed, clearly non-functional. Number of an-
tennal segments reduced t0 12......c.ooouiiiiiiicieceeeeee e 2
Males variable in size, fully alate. With 13 antennal segments.................... 3
Anterior border of clypeus weakly emarginate in full-face view. Cutting edge
of mandible with 2—4 small denticles (clearly visible at high magnification)
in addition to apical tooth. (Fig. 1) ...cocovevvieiiieees T. incognitum sp. nov.
Anterior border of clypeus flat in full-face view. Cutting edge of mandible
smooth, lacking distinct subapical teeth or denticles; apical tooth present.

(Fig. B) e T. pulchellum sp. nov.
Males minute (< 2 mm), fragile, gnat-like, pale yellow or pale gray.............. 4
Males larger (generally > 2.5 mm), more robust, solid gray or black........... 5

Antennal scapes just reaching or barely surpassing the posterior border
of the head. Maxillary palps delicate, filiform, segments uniformly thin and
CYlINAFICAl ..o T. litorale Wheeler
Antennal scapes long, surpassing the posterior border of the head by 2—-3x
the maximum diameter of the scape. Maxillary palps robust, segments 3
and 4 thicker than the preceding and terminal two segments (seldom col-
lected) oo T. melanocephalum (Fabricius)
Very short, fine erect hairs present on mesosomal dorsum and gastric
tergites. Pubescence on head and mesosoma short, dense, and suberect.
(FIg. 2) e T. inflatiscapus sp. nov.
Erect hairs absent on mesosoma and first three gastric tergites. Pubes-
cence on head, and mesosoma variable, but appressed on most body sur-

In full-face view, sides of head strongly convex, head nearly circular exclu-
sive of the compound eyes. As small or smaller than host workers. (Fig. 4)
........................................................................................... T. shattucki sp. nov.
In full-face view, head variable in shape with sides of head converging an-
teriorly; head shape but not as described above. Body size variable as well;
often as large or larger than nestmate Workers ...........cccoceeeeieieieecnennne, 7
In full-face view, head distinctly longer than broad. Body color dark brown
to black; tips of legs and antennal flagellum reddish-yellow..........................
........................................................................................... T. schreiberi Hamm
In full-face view, head often as broad or broader than long. Body color
brownish, yellowish, or battleship gray. (Fig. 5).....c..ccov...... T. sessile (Say)

Species accounts

Tapinoma incognitum Cover & Rabeling, sp. nov.
https://zoobank.org/6E385B56-D69F-4EB7-A75C-88C2D7D23A67

Diagnosis. A workerless, host-queen-tolerant inquiline social parasite of
Tapinoma sessile showing morphological and life history traits of the inquiline
syndrome. Both females and males are miniaturized (i.e., smaller than the
host workers), alate, and morphologically complete (Fig. 1, Table 2). Females
eclose with intact wings, but the wings are fragile and quickly deciduous. Males
are brachypterous. Females have a reduced 4,3 palp formula, anterior clypeal
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border with weak median concavity, denticulate mandibles with only 2—-4 den-
ticles. In side view petiole with low, rounded node; viewed from the rear dor-
sal margin concave (rarely flat). Males similar in size and overall habitus to
females but often darker in color and easily recognized by their extruding gen-
italia. Males have a reduced 5,3 palp formula and only 12 antennal segments.
Females of T. incognitum are closely similar in habitus to those of T. pulchellum
sp. nov., but can be easily distinguished by palp count, concave anterior clypeal
border, mandibular dentition, and propodeal profile.

Description. Holotype queen: HL 0.53, HW 0.53, SL 0.44, ML 0.82, CI 100, SI
83. Head in full-face view nearly square, dorsal margin straight with corners
evenly rounded. Anterior margin of clypeus with shallow median impression;
posterior border rounded, not projecting forward between antennal inser-
tions. Mandibles reduced, barely touching each other when mandibles are
fully closed; apical tooth well developed, cutting edge of mandible with 2-4
small denticles. Antennae with 12 segments, scapes relatively short, surpass-
ing the dorsal margin of head by less than their own maximum width. Palp
count 4,3. Mesosoma with typical modifications related to wing bearing. In
lateral view, propodeum forming an evenly rounded convexity and lacking
distinct dorsal and posterior surfaces. Orifices of propodeal spiracles slight-
ly elevated and conspicuous. Metapleural gland orifice significantly reduced.
Petiole in side view with low, blunt node; viewed from the rear trapezoidal with
concave dorsal margin. Petiolar spiracles located on top of laterally extended
tubercles. In dorsal view, four gastric tergites visible. Integument thin, speci-
mens can shrivel when dried. Body surface covered with short, appressed pu-
bescence; posterior margin of all gastric sternites and fourth gastric tergite
with sparse, long setae. Color pale brown to yellowish brown, appendages pale
yellow. Paratype queens (n = 8): HL 0.50-0.53, HW 0.50-0.53, SL 0.41-0.47,
ML 0.76-0.88, Cl 94-100, SI 78-94.

Paratype male: HL 0.50,HW 0.47,SL 0.47,ML 0.76, C1 94, SI 100. Males small,
approximately the same size as the queen, brachypterous, closely similar to the
conspecific queen in habitus. Head in full-face view almost square. Eyes small,
maximum diameter ~ % of head length; individual ommatidia partly fused, lack-
ing the distinct convex surface of each ommatidium; compound eyes appear
to be coated with a translucent resin. Ocelli slightly elevated above the surface
the head. Anterior clypeal margin with a broad, median, shallow impression.
Mandibles reduced, with a single large apical tooth; denticles on cutting edge
of mandible indistinct. Antennae with 12 segments, scapes shorter than the
head (Cl), surpassing the dorsal margin of head by twice their maximum width.
Palp count 5,3. Mesosoma enlarged with typical modifications related to wing
bearing. In lateral view, propodeum rounded, convex, with dorsal and posterior
of approximately equal length. Metapleural gland orifice absent/reduced. Peti-
ole small, overhung by first gastric tergite, not entirely visible in dorsal view. In
dorsal view, five gastric tergites visible. Hind wings reduced to wing remnants
lacking venation. Body surface covered with short, appressed pubescence,
except for the antennal scapes and flagellum, which are covered by a dense,
short, suberect pubescence. Color medium brown to black. Paratype males (n =
3): HL 0.50-0.56, HW 0.47-0.53, SL 0.44-0.47, ML 0.76, Cl 94-100, SI 83-100.

Etymology. When first seen in the field, the collector’s initial impression was
of a Tapinoma sessile colony infested by tiny diapriid wasps of some kind.
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Figure 1. Morphological comparison of the Tapinoma incognitum holotype queen A, C, E and a paratype male B, D, F in
lateral A, B dorsal C, D and full-face E, F view. The type series was collected in Alumbed Hollow in Utah and belongs to a
single nest series with the collection code SPC 7749. Scale bars: 0.5 mm (A-D); 0.2 mm (E, F).

A second look made it clear they were, in fact, tiny inquilinous ants. Hence, the
species name is the nominative neuter of the Latin adjective incognitus, mean-
ing unknown, unrecognized, in disguise.

Type locality. U.S.A., Utah, Sevier County, Alumbed Hollow, 8.4 miles west
of I-70 (Exit 71) on Salina County Frontage Rd., a dirt road paralleling 1-70.
GPS: 38.910°N, 111.697°W; elevation 5980’ (1823 m). Small canyon running
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southwest to northeast with dense, heavily grazed Gambel Oak (Quercus gam-
belii) thickets to 25’ (8 m) tall on east-facing slope. Collected by SPC (SPC
7749), 16 July 2008. Collection Notes: SPC 7749. Site heavily grazed. Dense Gam-
bel Oak thicket; forest floor protected from grazing by oak stem density. Superficial
nest under rock in pale shade of dense Gambel Oak thicket. 2-cm thick oak litter
present. Humusy sand soil. Very dry conditions. ~ 500 ants, multiple host queens
present. Brood was mostly eggs and young larvae; just a few parasite and host
worker pupae present.

Type material. Holotype queen (SPC 7749, MCZENT 00806456). Paratype
male (SPC 7749, MCZENT 00806457), and the following additional paratypes: 13
queens, 17 males [16-VII-2008, SPC 7749]; 35 queens, 3 males [19-VII-2009, SPC
8077]; 19 queens, 4 males [19-VII-2013, SPC 8656). Holotype and paratypes depos-
ited in the MCZC. Additional paratypes deposited at CASC, CRC, LACM, and UCDC.

Additional material. (i) SPC 8077. Same site description as above. Site not as
heavily grazed as in 2008. Nest under dead oak branch half buried in oak litter in
shade. Very dry conditions. ~ 1500 ants. Multiple host queens present. Eggs and
young larvae present plus some host worker pupae. No inquiline pupae seen.

(ii) SPC 8656. Same site description as above. Not as heavily grazed as in
2008. In 9 cm diameter hard, dead oak stump in shade. Very dry conditions. ~
1000 ants. Multiple host queens present. Eggs, larvae, and a few inquiline and
host worker pupae present.

Discussion and biology. Tapinoma incognitum is known from three collec-
tions that were made at the type locality on separate occasions. All were mixed
colonies containing T. incognitum and its host T. sessile. Each colony contained
multiple fertile host queens, numerous host workers, and some host worker pu-
pae. In addition, each nest contained males and females of T. incognitum, and,
in two collections, parasite pupae. No T. incognitum workers were found. In each
colony, several T. incognitum queens were observed with enlarged metasomas,
implying that multiple parasite queens were reproductively active (i.e., func-
tional polygyny of social parasite; Table 2). A striking feature of this species is
the strong convergence in size and habitus between females and males (i.e.,
gynaecomorphism; Table 2). Males, however, are easily recognizable by their
externally visible genitalia and because they are brachypterous; the wing rem-
nants are small, crumpled, distorted, and persistent. In addition, T. incognitum
also displays other morphological characters typical of the inquiline syndrome
(Fig. 1, Table 2). Hallmark characters include reduced body size, the reduction
of antennal segments in the males, and the reduction of palp segments in both
queens (palp formula 4,3) and males (palp formula 5,3). The wings of queens
are extremely fragile, easily deciduous, and almost certainly non-functional, and
the males cannot fly. Thus, mating must take place in or around the nest.

We kept a colony alive for a few days and made some behavioral observa-
tions. It was eye-catching that the host workers carried social parasite queens
as if they were pupae and the parasites retracted their appendages against
their bodies and became pupae-like when carried. The host workers also regur-
gitated to and groomed the social parasite queens. Host and social parasite
gueens encountered one another often but seemed to ignore each other. This
suggests that T. incognitum is well integrated in the host society. Collectively
these morphological and life history traits indicate that T. incognitum is a work-
erless, host-queen-tolerant inquiline social parasite of T. sessile.
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Table 2. Morphological and life history traits characteristic of the inquiline syndrome in Tapinoma ants. Morphological
reductions are determined by comparisons to the host, Tapinoma sessile, which is included in this table (traits modified
from Kutter 1968; Wilson 1971, 1984; Rabeling et al. 2019; Prebus et al. 2023).

Worker caste absent

Multiple egg laying host queens present (host
polygyny)

Multiple egg laying parasite queens present in
host colony (parasite polygyny)

Parasite queen coexists with host queen (host
queen tolerance)

Adelphogamy (inside nest mating)
Gynaecomorphism (gyne-like male morphology)

Fragmented populations, limited geographic
distribution

Reduced body size

Exoskeleton becomes thinner and less pigmented

Number of antennal segments reduced in females
Number of antennal segments reduced in males
Number of maxillary and labial pals (palp formula)

reduced in females

Number of maxillary and labial pals (palp formula)
reduced in males

Reduced mandibular dentition

Reduced wings in females

Reduced wings in males

Petiole thickened

Host

T. sessile

+
n/a

n/a

(North

America)

(2:12)

(3:13)

(9:6,4)

(3:6,4)

14 teeth

(9 capable
of flying)

(& capable
of flying)

T. shattucki

+

?(-)

(2 localities

in MA)
+

(size of host

worker)
+

(2:12)
(3:13)
+
(2:54)
+

(3:54)

(10-11
denticles)

(2 capable

of flying)

(& capable

of flying)

Social parasites

T. inflatiscapus

+

?
+
(UT,CO)

+

(size of host
worker)

+

(2:12)
(3:13)
+

(9:54)

(3:6,4)

(11 denticles)

(@ capable of
flying)

(& capable of
flying)

T. incognitum

+

+

+

+

+

(type locality, UT)

+

(smaller than host
worker)

+

(2:12)
+
(3:12)
+

(9:4,3)

+

(2:53)

+

(2-4 denticles,
plus apical tooth)

+

(9: wings
deciduous)

+

(3 brachypterous)

Tapinoma inflatiscapus Cover & Rabeling, sp. nov.
https://zoobank.org/6DB40425-2AF1-48D3-9D3A-E1B47FBBOF76

T. pulchellum

?(+)

(type locality, NC)

+

(smaller than

host worker)

+

(2:12)
+

(3:12)

+

(9:54)

+

(3:54)

+

(only apical

tooth)

(9: winged)

+

(&

brachypterous)

+

Diagnosis. A unique, workerless, host-queen-intolerant inquiline social parasite
of Tapinoma sessile with relatively few morphological adaptations to its parasit-
ic lifestyle. Inquiline females and males are equal in size, smaller than the host
females and males, and approximately the size of host workers (Fig. 2, Table 2).
Both females and males are winged and seem capable of flying. Females have
a reduced 5,4 palp formula whereas males have the same palp formula (6,4) as
host males. Both sexes of T. inflatiscapus are easily distinguished from those of
all other North American congeners by the presence of short, erect hairs on the
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dorsal surface of the head, the mesosomal dorsum, and the first gastric tergite.
In addition, the antennal scapes are covered by short, dense, suberect pubes-
cence and may have one or two erect hairs near the distal end. Lastly, in females,
the scape reaches its maximum diameter between the mid-point and the anten-
nal insertion, not posterior to the mid-point as in many other Tapinoma species.
Description. Holotype queen: HL 0.76, HW 0.76, SL 0.74, ML 1.15, Cl 100,
S| 96. Head distinctly heart shaped, approximately as wide as long. Clypeus
broad, anterior margin flat or slightly convex, median impression absent; pos-
terior margin rounded, projecting between antennal insertions. Mandibles well
developed, overlapping when closed; first three apical teeth well developed, con-
tinually decreasing in size from apex to base. Eleven teeth and denticles pres-
ent, most denticles on cutting edge of mandible ill defined. Antennae with 12
segments, scapes relatively long, easily surpassing the dorsal margin of head;
scape somewhat dorsoventrally flattened, basal third slightly curved. Scape
widest between the insertion and the mid-point. Palp count 5,4. Mesosoma
robust with typical modifications related to wing bearing. In side view, propo-
deum with dorsal surface approximately one third as long as posterior surface.
Metapleural gland orifice large and rounded in oblique view; orifice guarded by
long setae pointing inwards. Petiole reduced, overhung by first gastric tergite.
In dorsal view, four gastric tergites visible. Integument thin. Body surfaces with
micro-sculpture resembling a honeycomb. Entire body with dense, short, su-
berect to erect pubescence, including head and antennal scapes. Short erect
hairs present on dorsal surface of head and mesosoma. Color pale to medium
brown, legs and antennae paler, yellowish brown. Paratype queens (n = 8): HL
0.65-0.76, HW 0.65-0.76, SL 0.68-0.76, ML 1.03-1.15, C1 92-100, SI 96—-113.
Paratype male: HL 0.62, HW 0.62, SL 0.62, ML 1.12, CI 100, SI 100. Males similar
in size to the females, head as wide as long (Cl). Eyes large, maximum diameter ~
V5 of head width. Ommatidia clearly separated from each other; each ommatidium
with a distinct convex surface. Ocelli slightly elevated above the surface of the
head, but forming a raised, triangular turret in side view. Anterior margin of clypeus
flat, median impression absent; posterior margin rounded, projecting between an-
tennal insertions. Mandibles well developed with a single large apical tooth and
~ 18 denticles on cutting edge of mandible. Antennae with 13 segments, scapes
surpassing the posterior border of the head by a bit less than % their length. Palp
formula 6,4. Mesosoma robust with typical modifications related to wing bearing.
In side view, propodeum with dorsal surface ~ !4 as long as the posterior surface.
Metapleural gland orifice pointing backwards, circular in posterior view. Petiole
visible in dorsal view. In dorsal view, six gastric tergites visible. Front and hind
wings well developed. Dorsal body surfaces with short, suberect to erect pubes-
cence, including head and antennal scapes. Short, erect hairs present on dorsal
surfaces of head and mesosoma, long erect hairs irregularly dispersed over the
body. Color uniformly pale to yellowish brown. Paratype males (n = 6): HL 0.53—
0.71,HW 0.53-0.71, SL 0.59-0.65, ML 0.91-1.12, CI 90-100, SI 92-117.
Etymology. In T. inflatiscapus females, the antennal scape reaches its max-
imum diameter between the mid-point and the antennal insertion instead of
posterior to the mid-point as in other Tapinoma. This unique, diagnostic mor-
phological character is emphasized in the species epithet, which is a compound
Latin noun in the nominative case used in apposition (inflati is the participle in
the genitive case of inflatus + scapus, the noun in the nominative singular case).
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Figure 2. Morphological comparison of the Tapinoma inflatiscapus holotype queen A, E and a paratype male B, F in lateral
A, B and full-face E, F view. For the dorsal views of T. inflatiscapus C, D dealate queen C and male D paratypes were pho-
tographed. The type series was collected at Cove Mountain in Utah and belongs to a single nest series with the collection
code SPC 7816. Scale bar: 0.5 mm (A-F).

Type locality. U.S.A., Utah, Sevier County, Cove Mountain, 13.4 miles south
of Glenwood Fish Hatchery on FSR 068. GPS: 38.649°N, 111.950°W; elevation
9350’ (2850 m). Enormous, grazed sagebrush (Artemisia tridentata) meadow
around Big Lake. Superficial nest under rock and in adjacent grass clump in
open on gentle south facing slope; fine silty sand. Small colony (~ 400 ants).
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No host queens. Brood, mostly eggs and larvae, plus a few parasite queen pu-
pae. Collected by SPC (SPC 7816), 20 July 2008.

Type material. Holotype queen (SPC 7816, MCZENT 00806458). Paratype
male (SPC 7816, MCZENT 00806458), and the following paratypes: 63 queens,
4 males [20-VII-2008, SPC 7816]. Holotype and paratypes deposited in the
MCZC. Additional paratypes deposited at CASC, CRC, LACM, and UCDC.

Additional material. (i) U.S.A., Colorado, El Paso County, Black Forest, 4.5
miles south of Hodgen Rd. on Meridian Rd. GPS (from Google Maps): 39.01°N,
104.61°W; elevation 7350’ (2240 m). Open Ponderosa Pine (Pinus ponderosa)
forest, 20—40’ (6—12 m) tall with grassy understory and bearberry (Arctostaph-
ylos sp.) in spots; medium sandy soil. Both colonies were under pine branches
half buried in soil and litter. Collected by SPC (SPC 4117, 4120), 16 July 1994.

(i) U.S.A,, Colorado, Montrose County, 2.1 miles southeast of junction with
Rt. 50 on P77 Road. GPS: 38.420°N, 107.628°W; elevation 8200’ (2500 m). Rich,
mixed shrubby northeast facing slope with some sagebrush (Artemisia triden-
tata), 3—4' (0.9-1.2 m) tall; fine sandy soil; sparse ground cover. Small colony
consisting of two parasite females, ~ 30 host workers and no brood. Collected
by SPC (SPC 7388), 16 July 2006.

(iii) One other collection from the type locality: SPC (SPC 8076), collected 18
July 2009, same collection data as type series, under rock in open, ~ 1000 ants,
no host brood, a few inquiline pupae only.

Discussion and biology. Tapinoma inflatiscapus is a host-queen-intolerant in-
quiline that parasitizes T. sessile colonies in mid to high elevation habitats in the
mountains of Utah and Colorado. So far it has been found in sagebrush meadows
(Artemisia tridentata), mixed shrub and sagebrush, and Ponderosa Pine (Pinus pon-
derosa) woodlands. Morphologically, T. inflatiscapus is most similar to T. shattucki
from Massachusetts from which it can be easily distinguished by the unique shape
of the antennal scape, the presence of short, erect hairs on the dorsal body surfac-
es, and its comparatively robust habitus. In addition, the male palp formula is 6,4.
All other Tapinoma inquiline males have reduced palp formulae (Table 2).

Tapinoma inflatiscapus has been collected from two localities in Colorado
and a single locality in Utah. On all occasions, T. inflatiscapus was found in
mixed colonies with its host, T. sessile. In every case these colonies lacked
a host queen and any host brood, suggesting that T. inflatiscapus either kills
the host queen(s) or can only colonize queenless host colonies. Parasite work-
ers have not been observed, so T. inflatiscapus appears to be a workerless in-
quiline. We could not observe whether T. inflatiscapus is mono- or polygynous,
although collection SPC 7388 contained two dealate queens.

The morphology of T. inflatiscapus queens and males reflects some character-
istics of the inquiline syndrome (Fig. 2, Table 2), but the degree of specialization
is not nearly as pronounced as in T. incognitum and T. pulchellum. Tapinoma in-
flatiscapus alates are smaller than those of the host and approximately the size
of host workers. The number of antennal segments is not reduced, and the palp
count is reduced in the queens (palp formula 5,3), but not in males. The mandi-
bles are normal in size and dentation. Both queens and males are winged and
mesosomal development is robust, thus the wings appear to be functional and
dispersal by flight probable. Mating may take place outside of the nest. If so, there
may be less inbreeding and much better dispersal than in inquilines where mating
takes place inside the host nest and where flight is problematic or impossible.
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Tapinoma pulchellum Cover & Rabeling, sp. nov.
https://zoobank.org/E469ABF5-240D-4F47-B950-1FB131C8407E

Diagnosis. An apparently workerless, inquiline social parasite of Tapinoma
sessile exhibiting morphological traits of the inquiline syndrome. Queens and
males are tiny, much smaller than the host workers, and are very similar to each
other in size and habitus (Fig. 3, Table 2). Females are apparently alate, but
males are brachypterous. Both sexes have a reduced (5,4) palp formula and
twelve antennal segments. Females have a flat anterior clypeal border, eden-
tate mandibles, and a petiole with a small, dorsally rounded node in side view.
Females most similar to but are readily distinguished from T. incognitum by
differing palp count, edentate mandibles, anterior clypeal border, petiole shape,
and propodeal profile (subangulate with short dorsal face and long, weakly
concave posterior face versus rounded convexity in T. incognitum).

Description. Holotype queen: HL 0.44, HW 0.50, SL 0.44, ML 0.76, Cl 113, SI
88. Parasite queen notably smaller than host workers. Head in full-face view
nearly square, dorsal margin straight with corners evenly rounded. Anterior
margin of clypeus flat, median impression absent, posterior margin rounded,
not projecting forward between antennal insertions. Mandibles reduced, apical
tooth well developed, barely touching each other when mandibles are closed;
other mandibular teeth absent. Antennae with 12 segments, scapes relatively
short, surpassing the dorsal margin of head by less than their own width. Palp
count 5,4. Mesosoma fully developed with typical modifications related to wing
bearing. Propodeum in side view rounded, with short dorsal face and longer,
slightly concave posterior face. Propodeal spiracles slightly elevated and con-
spicuous. Metapleural gland orifice reduced. In side view petiole with low, blunt
node; viewed from the rear subrectangular in shape with dorsal margin flat to
slightly convex. In dorsal view, four gastric tergites visible. Integument thin.
Body surface covered with short, appressed pubescence; posterior margin of
all gastric sternites and fourth gastric tergite with long erect setae. Color dark
brown to yellowish brown, appendages pale yellow.

Paratype male: HL 0.44, HW 0.50, SL 0.44, ML 0.76, C1 100, SI 113. Specimen
damaged, but largely intact. Head glued on to point next to body. Male small,
approximately the same size as the queen, brachypterous, closely similar to
the conspecific queen in habitus. Head square. Eyes small, maximum diame-
ter ~ % of head length. Individual ommatidia partly fused, lacking the distinct
convex surface of each ommatidium; compound eyes appear as if coated with
a translucent resin. Ocelli slightly elevated above the surface the head. Ante-
rior margin of clypeus with a broad, median, shallow impression. Mandibles
reduced in size, with a single large apical tooth but lacking other teeth or den-
ticles. Antennae with 12 segments, scapes short. Palp count 5,4. Mesosoma
well-developed with typical modifications related to wing bearing. In sideview,
propodeum rounded, divided into dorsal and posterior surfaces of approxi-
mately equal length. Metapleural gland orifice absent/reduced. Petiole small,
overhung by first gastric tergite, not entirely visible in dorsal view. In dorsal view,
five gastric tergites visible. Wings vestigial, distorted, lacking venation. Body
surface densely covered with short, appressed pubescence, except for the an-
tennal scapes and flagellum, which are covered by a dense, very short, suberect
pubescence. Color medium brown, appendages yellowish brown.
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Figure 3. Morphological comparison of the Tapinoma pulchellum holotype queen A, C, E and a paratype male B, D, F in
lateral A, B dorsal C, D and full-face E, F view. The type series was collected in two adjacent pitfall traps at Eno River State
Park in North Carolina. Scale bars 0.5 mm (A, C-E); 0.25 mm (B, F).

Etymology. Tapinoma pulchellum is a beautiful ant (Fig. 3) and also beauti-
fully embodies the hallmark morphological traits of the inquiline syndrome. The
specific epithet pulchellum is the singular nominative neuter of the Latin adjec-
tive pulchellus, which is the diminutive of pulcher, meaning pretty or beautiful.

Type locality. U.S.A., North Carolina, Orange County, Eno River State Park, 8 miles
northwest of downtown Durham; open field adjacent to the Eno Trace trailhead.
GPS: 36.073°N, 79.008°W; elevation 460’ (140 m). Large, maintained open field
surrounded by mature secondary oak-hickory forest. The field was dominated by
scattered Juniperus virginiana to 30’ tall plus a few young Pinus virginiana. Dense,
grassy-herbaceous vegetation plus young Sweetgum (Liquidambar styraciflua) up
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to 8’ tall. Sandy clay soil. The holotype queen was found in pitfall sample 13F 4,2.
The paratype male was found in pitfall sample 13F 5,1. There is also a worker of the
potential host from pitfall sample 13F 5,3. Collected by Amy Arnett in June 1997.

Type material. Holotype queen (MCZENT 00806459). Paratype male
(MCZENT 00806460; same collecting locality as holotype). Holotype and para-
type deposited in the MCZC.

Discussion and biology. Tapinoma pulchellum is known from only two spec-
imens: a dealate female and a damaged male, which both exhibit typical char-
acters of the morphological inquiline syndrome (Fig. 3, Table 2). Tapinoma
pulchellum is closely similar to T. incognitum, from which it can be readily dis-
tinguished by the palp formula of both queens and males, the edentate man-
dibles, the flat anterior clypeal border, the petiole shape, and the unique propo-
deal profile. This striking similarity makes it highly probable that T. pulchellum
is a workerless inquiline, similar in its life-history to T. incognitum.

Both specimens were recovered from adjacent pitfall traps at the type local-
ity in Eno River State Park in North Carolina. Accordingly, T. pulchellum has not
been observed in mixed colonies with its host. However, T. sessile is the only
Tapinoma species at the type locality, so T. sessile is almost certainly the host
of T. pulchellum. Visits to the type locality in 2011 and 2012 failed to turn up
additional specimens of T. pulchellum but allowed observations of the putative
host at that site. The field contained a dense population of Tapinoma sessile,
and nests were located at the base of grass clumps or in the dense grassy
thatch that covered the ground under the living vegetation. The T. sessile popu-
lation was unusual. Colonies were large, with more than 4,000-5,000 ants, and
uniformly monogynous. Both workers and queens were larger than the average
size for T. sessile. Sexuals were not present, indicating that the mating flights
had taken place already in early July.

Tapinoma shattucki Cover & Rabeling, sp. nov.
https://zoobank.org/573C25EE-4870-459E-82B0-C54DD83F4990

Diagnosis. An apparently workerless inquiline social parasite of Tapinoma ses-
sile showing relatively few morphological indications of its parasitic lifestyle.
Tapinoma shattucki queens and males superficially resemble those of the
host, except for their smaller size, more delicate habitus, and notably reduced
size of the metasoma relative to the mesosoma (Fig. 4, Table 2). Both sexes
are fully alate and seem capable of flying. Female and male palp formulae re-
duced to 5,4. In lateral view, propodeum of female and male forming a single,
flat posterior surface, and the petiolar scale is vestigial or absent. In the male,
sides of head strongly convex, head nearly circular exclusive of the compound
eyes in full-face view. In T. shattucki, males exhibit morphology similar to their
free-living congeners. Females may be easily distinguished from other Tapino-
ma species by their palp count, propodeal profile, small body size, and reduced
metasoma size relative to the mesosoma.

Description. Holotype queen: HL 0.65, HW 0.59, SL 0.59, ML 0.88, CI 91, SI
100. Tapinoma shattucki superficially resembles a miniature form of T. sessile.
Head parallel sided, slightly longer than wide (Cl), dorsal margin of head straight
with corners evenly rounded. Anterior margin of clypeus with broad, shallow

ZooKeys 1202: 111-134 (2024), DOI: 10.3897/z00keys.1202.120478 125



Stefan P. Cover & Christian Rabeling: Four new inquiline social parasite species in the ant genus Tapinoma

Figure 4. Morphological comparison of the Tapinoma shattucki holotype queen A, E and a paratype male B, D, F in lateral
A, B dorsal D and full-face E, F view. For the dorsal view of the T. shattucki queen C, a dealate paratype was photographed.
The type series was collected in Stow, Massachusetts and belongs to a single nest series with the collection code SPC
7633. Scale bar: 0.5 mm (A-F).

median impression; posterior margin rounded, projecting between antennal in-
sertions. Mandibles well developed, overlapping when closed, with 10 or 11
teeth or denticles; apical and preapical teeth well developed, distinctly larger
than remaining teeth; apical tooth slightly larger than the subapical. Antennae
with 12 segments, scapes long, clearly surpassing the dorsal margin of head
by more than their own width. Palp formula 5,4. Mesosoma with typical mod-
ifications related to wing bearing; wings fully developed. In side view, propo-
deum lacking clear division into dorsal and posterior surfaces; appears as a
single long, sloping posterior face. Metapleural gland orifice large and round
in oblique view; orifice guarded by erect, long setae pointing inwards. Petiole
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small, scale absent, overhung by first gastric tergite, not visible in dorsal view.
In dorsal view, three gastric tergites visible; fourth tergite mostly hidden under-
neath the third. Body surface covered with micro-sculpture resembling a honey-
comb, and short, appressed pubescence. Color medium to dark brown, append-
ages yellowish to reddish brown. Paratype queens (n = 8): HL 0.62-0.65, HW
0.53-0.59, SL 0.59-0.62, ML 0.85-0.94, Cl 86—-95, SI 100-111.

Paratype male: HL 0.53, HW 0.53, SL 0.50, ML 0.94, CI 100, SI 94. Medium
sized males, head as wide as long (Cl). Eyes large, maximum diameter little less
than % of head width. Ommatidia clearly separated from each other; each omma-
tidium with a distinctly convex surface. Ocelli slightly elevated above the surface
the head, but not forming a raised, triangular turret in side view. Anterior margin
of clypeus straight, median impression lacking. Mandibles well developed with
a single large apical tooth and ~ 14 denticles on cutting edge of mandible. An-
tennae with 13 segments, scapes surpassing the posterior corners of head by
little less than % their length. Palp formula 5,4. Mesosoma with typical modifica-
tions related to wing bearing; wings well developed. In lateral view, propodeum
forming a single even slope, lacking division into dorsal and posterior surfaces.
Metapleural gland orifice pointing backwards, circular in posterior view. Petiole
small, scale absent, overhung by first gastric tergite; not visible in dorsal view. In
dorsal view, six gastric tergites visible. Integument thin, specimens shrivel when
dried. Body surface densely covered with short, appressed pubescence, except
for antennal flagellum, which is covered with dense, short, suberect pubescence.
Color pale to medium brown, appendages yellowish brown. Paratype males (n =
4): HL 0.53-0.56, HW 0.53, SL 0.50-0.53, ML 0.88-0.94, Cl 95-100, SI 94-100.

Etymology. This species is named to honor our friend Steven O. Shattuck for
his pioneering work on the ant genera of the Dolichoderinae, his invaluable con-
tributions to the systematics of Australian ants, his important efforts in estab-
lishing the universal online ant research tool AntWiki.org, and for his and his wife
Kathy’s invaluable and deeply appreciated help in reorganizing the MCZ ant col-
lection. The species epithet shattucki is used as a Latin noun in the genitive case.

Type locality. U.S.A., Massachusetts, Middlesex County, Stow, 47 Marlboro
Road. GPS: 42.399°N, 71.524°W; elevation 230’ (70 m). Large garden adjacent
to Red Maple (Acer rubrum) forest and reforesting wetland. Small colony in
flower pot in partial shade at garden edge. Specimens preserved from 26 Au-
gust to 04 September as pupae eclosed and adults matured. Collected by SPC
(SPC 7633), 26 August 2007.

Type material. Holotype queen (SPC 7633, MCZENT 00806461). Paratype male
(SPC 7633, MCZENT 00806462), and the following additional paratypes: 39 queens,
10 males [26-VI1I-2007, SPC 7633]. Holotype and paratypes deposited in the MCZC.
Additional paratypes deposited at CASC, CRC, LACM, and UCDC. In addition, there
are 26 T. sessile host workers, five host males, and two host worker-queen inter-
morphs from the same colony, which were also deposited in the MCZC.

Additional material. Wheeler's syntype series of “Bothriomyrmex dimmocki”
(one winged and four dealate females) comprises the only other known spec-
imens of T. shattucki. The collecting locality of Wheeler’s type series is U.S.A.,,
Massachusetts, Hampden County, Mount Tom, north of Springfield. Collected
by George Dimmock, 27 August 1897. The specimens, including the lectotype
worker of “Bothriomyrmex dimmocki” are deposited in the MCZC (MCZENT
00021289, MCZENT 00035244).
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Discussion and biology. This taxon has a convoluted taxonomic history.
Wheeler (1915: 418) described Bothriomyrmex dimmocki based on “two workers,
one winged, and four dealate females taken by Dr. George Dimmock August 27,
1897, from a single colony on Mt. Tom, near Springfield, Mass.” Based primarily
on the unusually small size of the queens, Wheeler placed the ants in Bothriomyr-
mex, a genus of temporary social parasites that exploits Tapinoma hosts during
colony founding, which was then thought to be exclusively Old World in distribu-
tion (Santschi 1906; but see Dubovikoff and Longino 2004; Prebus and Luber-
tazzi 2016). Curiously, Wheeler's description centered on the two workers, which
he was at pains to distinguish from those of the Mediterranean Bothriomyrmex
meridionalis (Roger). The four small, reproductive females were described after-
wards and in much less detail. Emery (1925) correctly transferred B. dimmocki to
Tapinoma, almost certainly without seeing the types. Creighton (1950) noted the
close similarity of the T. dimmocki worker to that of T. sessile, but maintained pro-
visional species status for T. dimmocki, given the problematic small size of the
females. Shattuck, as part of his important re-assessment of the dolichoderine
genera (Shattuck 1992), examined the types of T. dimmocki in the MCZC. He was
able to affirm what Creighton suspected, namely the worker types of T. dimmocki
did not belong in the genus Bothriomyrmex; instead, they were ordinary workers
of Tapinoma sessile. Accordingly, Shattuck (1992) synonymized T. dimmocki with
T sessile and designated one of the two worker syntypes as the lectotype of B.
dimmocki. This was an appropriate designation, as Wheeler's description and
discussion centered primarily on the worker caste. As Shattuck remarked at the
time, his taxonomic action neatly disposed of a problematic name, leaving the
significance of the minute females an open question.

In late August 2007, a new collection clarified the identity of the minute fe-
males. One of us (SPC) collected a colony of Tapinoma sessile in his garden in
Stow, Massachusetts, in the bottom of a flowerpot. Surprisingly, alates of both
sexes were present, though this was in late-August, a month or more later than
the normal mating flights of T. sessile in eastern Massachusetts. In addition, the
alates were notably smaller than normal T. sessile queens and males. A detailed
examination revealed that the alates represented an inquiline parasite and that
the females matched the miniature females in Wheeler's syntype series of “Both-
riomyrmex dimmocki.” Shattuck’s (1992) designation of a host worker as the B.
dimmocki lectotype makes this name a junior synonym of T. sessile. Therefore,
we describe Tapinoma shattucki as a new species. Tapinoma shattucki females
may be readily distinguished from host queens by palp count, propodeal profile,
small body size, and reduced metasoma size relative to the mesosoma.

Both times T. shattucki was collected, it was found in mixed colonies with its
host. The type colony from Stow, Massachusetts, consisted of adult and pupal
parasite females and males plus host workers and several adult host males.
This suggests the possibility that, similar to T. inflatiscapus, T. shattucki might
be a host-queen-intolerant inquiline that either kills the host queen(s) or pref-
erentially exploits queenless host colonies. Two of the parasite females had
swollen metasomas and were almost certainly reproductively active indicating
parasite polygyny (Table 2). We did not observe any T. shattucki workers but
instead numerous winged queens and males. Hence, our observations suggest
that T. shattucki is a workerless inquiline social parasite of T. sessile and not a
temporary social parasite as Wheeler (1915) suggested.
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Figure 5. Morphological comparison of a Tapinoma sessile queen A, C, E and a male B, D, F in lateral A, B, dorsal C, D, and
full-face E, F view. Individuals were collected in the Black Forest in Colorado and belong to a single nest series with the
collection code SPC 4118. Scale bar: 0.5 mm (A-F).

Similar to T. inflatiscapus, T. shattucki queens and males show morphologi-
cal differences between sexes comparable to the sexual dimorphism observed
in the host (Table 2). The morphology of T. shattucki queens and males shows
some characteristics of the inquiline syndrome (Fig. 4, Table 2) but the de-
gree of morphological specialization is similar to that in T. inflatiscapus and
not nearly as pronounced as seen in T. incognitum and T. pulchellum. Tapino-
ma shattucki alates are smaller than host sexuals and approximately the size
of host workers. In addition, the number of maxillary palps is reduced in both
queens and males (palp formula 5,4). As in T. inflatiscapus, the mandibles are
normal in size and dentition, and both queens and males are fully winged and
seem capable of flight. Hence, T. shattucki queens and males may mate out-
side the host nest and/or could disperse on the wing.
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Discussion

In this study, we describe four new species of inquiline social parasites in the
dolichoderine ant genus Tapinoma from the Nearctic region. These social para-
sites represent the first inquiline species in the genus Tapinoma as well as the
first confirmed inquilines in the ant subfamily Dolichoderinae. All four Tapinoma
inquiline species appear to be workerless and represent at least two very differ-
ent life histories (Table 2). Tapinoma incognitum is polygynous and the parasite
queens co-exist with host queens, revealing T. incognitum to be host-queen-tol-
erant. In contrast, T. inflatiscapus colonies contain neither host queens nor
host brood, strongly suggesting that T. inflatiscapus is host-queen-intolerant.
Tapinoma shattucki may also be host-queen-intolerant but we need additional
collections to be certain. The life history of T. pulchellum is undocumented at
present. However, close similarity of T. pulchellum to T. incognitum (Table 2)
suggests that T. pulchellum might be a host-queen-tolerant inquiline as well.

For a host-queen-tolerant inquiline ant, the primary advantage of retaining
the host queen(s) in the colony is the ongoing production of host workers. This
secures the potential longevity of the host colony and allows the continuing re-
production of the parasite. Host queen intolerance is a more complex phenom-
enon. In some species, the parasite attacks and eliminates host queens some
time after her acceptance by the host colony (Holldobler and Wilson 1990;
Brandt et al. 2005). Such aggressive replacement of the host queen has been
observed in inquilines, such as Leptothorax goesswaldi, Leptothorax wilsoni,
Monomorium santschii, and Pseudomyrmex leptosus (Forel 1906; Kutter 1968;
Klein 1987; Buschinger and Klump 1988; Heinze 1989), and also in some in-
quilines that likely evolved from a dulotic ancestor, such as Temnothorax adler-
zi, T. birgitae, T. brunneus, and T. corsicus (Buschinger 1989; Heinze et al. 2015).

Other so-called host-queen-intolerant inquilines do not aggressively re-
place the host queen but instead can only gain acceptance in host colonies
that already lack a host queen (Holldobler and Wilson 1990; Buschinger
2009). Examples include Tetramorium atratulum, Pseudoatta argentina, and
Formica talbotae (Bruch 1928; Kutter 1968; Talbot 1977; Rabeling et al. 2015).
Host queen intolerance is a remarkably specialized life history strategy, and
in the absence of host queens, no new host workers are produced. Thus, the
lifespan of the parasitized colony must be short, limited to the time that exist-
ing host workers survive, and thus limiting the parasite to one or perhaps two
annual reproductive cycles. Such life histories must be sustainable only where
there are large, relatively stable host populations and where there is a rapid
turnover among colonies, meaning that queenless host nests occur somewhat
frequently. Note that at this point, we do not know whether T. inflatiscapus elim-
inates host queens aggressively or colonizes only queenless host nests, but
either way, colonies are likely comparatively short lived.

The Tapinoma inquiline social parasites are especially interesting because
they all exploit only a single host species, T. sessile. Systems like this, in which
a single host is exploited by multiple species of inquilines, are rare, and their
evolutionary ecology is not well understood. Tapinoma sessile is an extremely
widespread and ecologically successful ant found throughout North America
from central Canada to Florida and south into the Mexican highlands (Fisher
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and Cover 2007). Tapinoma sessile occurs in a wide variety of habitats, nests
almost anywhere, frequently moves its nest in response to changing con-
ditions, and is often a nuisance in buildings. As one might expect, T. sessile
exhibits variation in size, coloration, and colony structure over its enormous
range. A phylogenetic analysis of T. sessile samples from across North Amer-
ica, identified four well-supported “T. sessile” clades (Menke et al. 2010). The
analysis of DNA sequence variation in the mitochondrial marker COI revealed
within clade genetic distances of less than 2.3% but between clade genetic
distances of 7.5-10%. Accordingly, Menke and colleagues (2010) suggested
that T. sessile might consist of a complex of cryptic species. Using genomic
markers, we are revisiting these findings with a special emphasis on the evo-
lutionary origin of the inquiline social parasites. Recent studies of inquiline so-
cial parasite evolution have revealed several convergent pathways by which
inquilinism evolves. These include inquiline parasites speciating directly from
their future hosts in sympatry, inquilines originating in allopatry and via host-
shift speciation, as well as inquilines transitioning secondarily from a differ-
ent parasitic life history, such as temporary social parasitism and dulosis, to
inquilinism (e.g., Rabeling et al. 2014; Heinze et al. 2015; Messer et al. 2020;
Borowiec et al. 2021; Degueldre et al. 2021; Ward and Branstetter 2022;
Mera-Rodriguez et al. 2023). We are confident that further studies of host-para-
site co-evolution in Tapinoma will reveal novel insights into the complex mosaic
evolution of ant inquiline social parasites.

Acknowledgements

We gladly dedicate this paper to Bert Holldobler in appreciation of his long tra-
dition of exemplary scientific natural history, experimental behavioral physiolo-
gy, and sociobiology research, his invaluable mentorship and encouragement of
both of us, and most important of all for his friendship, company, and advice over
the years. We thank Nick Gotelli for providing the pitfall trap samples that yield-
ed the types of Tapinoma pulchellum and Brian Brown (LACM) for the loan of
important specimens of Tapinoma schreiberi. We also would like to thank Jack
Longino, Lorenzo Fraysse, and one anonymous reviewer for their constructive
feedback and thoughtful suggestions which helped us improve the manuscript.

Additional information
Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This study was financially supported by the U.S. National Science Foundation (CAREER
DEB-1943626), the Ernst Mayr Travel Grant in Animal Systematics from the Museum of
Comparative Zoology, the Harvard Society of Fellows, the University of Hohenheim, and
the Carl Zeiss Foundation.

ZooKeys 1202: 111-134 (2024), DOI: 10.3897/z00keys.1202.120478 131



Stefan P. Cover & Christian Rabeling: Four new inquiline social parasite species in the ant genus Tapinoma

Author contributions

SPC & CR: conceptualization, data generation, data curation, formal analysis, funding
acquisition, investigation, methodology, visualization, writing.

Author ORCIDs

Stefan P. Cover © https://orcid.org/0009-0000-1911-0283
Christian Rabeling © https://orcid.org/0000-0003-1292-0309

Data availability

All of the data that support the findings of this study are available in the main text.

References

Bolton B (1987) A review of the Solenopsis genus-group and a revision of the Afrotrop-
ical Monomorium Mayr (Hymenoptera: Formicidae). Bulletin of the British Museum
(Natural History). Entomology 54: 263-452.

Bolton B (2024) An online catalog of the ants of the world. https://antcat.org [accessed
05 January 2024]

Borowiec ML, Cover SP, Rabeling C (2021) The evolution of social parasitism in Formica
ants revealed by a global phylogeny. Proceedings of the National Academy of Scienc-
es of the United States of America 118(38): €2026029118. https://doi.org/10.1073/
pnas.2026029118

Bourke AFG, Franks NR (1991) Alternative adaptations, sympatric speciation and the evo-
lution of parasitic, inquiline ants. Biological Journal of the Linnean Society. Linnean So-
ciety of London 43(3): 157-178. https://doi.org/10.1111/j.1095-8312.1991.tb00591.x

Brandt M, Foitzik S, Fischer-Blass B, Heinze J (2005) The coevolutionary dynamics of
obligate ant social parasite systems — between prudence and antagonism. Biolog-
ical Reviews of the Cambridge Philosophical Society 80(2): 251-267. https://doi.
org/10.1017/S1464793104006669

Bruch C (1928) Estudios mirmecoldgicos. Anales del Museo Nacional de Historia Natu-
ral Buenos Aires 34: 341-360.

Buschinger A (1989) Evolution, speciation, and inbreeding in the parasitic ant genus
Epimyrma (Hymenoptera, Formicidae). Journal of Evolutionary Biology 2(4): 265-283.
https://doi.org/10.1046/j.1420-9101.1989.2040265.x

Buschinger A (2009) Social parasitism among ants: A review (Hymenoptera: Formici-
dae). Myrmecological News 12: 219-235.

Buschinger A, Klump B (1988) Novel strategy of host-colony exploitation in a permanent-
ly parasitic ant, Doronomyrmex goesswaldi. Naturwissenschaften 75(11): 577-578.
https://doi.org/10.1007/BF00377726

Creighton WS (1950) Ants of North America. Bulletin of the Museum of Comparative
Zoology 104: 1-585.

Degueldre F, Mardulyn P, Kuhn A, Pinel A, Karaman C, Lebas C, Schifani E, Bracko G, Wag-
ner HC, Kiran K, Borowiec L, Passera L, Abril S, Espadaler X, Aron S (2021) Evolution-
ary history of inquiline social parasitism in Plagiolepis ants. Molecular Phylogenetics
and Evolution 155: 107016. https://doi.org/10.1016/j.ympev.2020.107016

Deyrup M (2017) Ants of Florida: Identification and Natural History. CRC Press, Boca
Raton, Florida, 423 pp. https://doi.org/10.1201/9781315368023

Dubovikoff DA (2005) The system of taxon Bothriomyrmex Emery, 1869 sensu lato (Hy-
menoptera: Formicidae) and relatives genera. Kavkazskij Entomologiceskij Bjulleten

ZooKeys 1202: 111-134 (2024), DOI: 10.3897/z00keys.1202.120478 132



Stefan P. Cover & Christian Rabeling: Four new inquiline social parasite species in the ant genus Tapinoma

= Caucasian Entomological Bulletin 1(1): 89-94. https://doi.org/10.23885/1814-
3326-2005-1-1-89-94 [In Russian]

Dubovikoff DA, Longino JT (2004) A new species of the genus Bothriomyrmex Emery,
1869 (Hymenoptera: Formicidae: Dolichoderinae) from Costa Rica. Zootaxa 776(1):
1-10. https://doi.org/10.11646/zootaxa.776.1.1

Emery C (1925) Les espéces européennes et orientales du genre Bothriomyrmex. Bulle-
tin de la Société Vaudoise des Sciences Naturelles 56: 5-22.

Fisher BL, Cover SP (2007) The Ants of North America: A Guide to the Genera. Uni-
versity of California Press, Berkeley and Los Angeles, California, 308 pp. https://doi.
org/10.1525/9780520934559

Forel A (1906) Mceurs des fourmis parasites des genres Wheeleria et Bothriomyrmex.
Revue Suisse de Zoologie 14: 51-69. https://doi.org/10.5962/bhl.part.75182

Gray KW, Rabeling C (2023) Global biogeography of ant social parasites: Exploring
patterns and mechanisms of an inverse latitudinal diversity gradient. Journal of
Biogeography 50(2): 316—329. https://doi.org/10.1111/jbi.14528

GuerreroRJ, Delabie JHC,Dejean A (2010) Taxonomic contributiontothe auritagroup of theant
genus Azteca (Formicidae: Dolichoderinae). Journal of Hymenoptera Research 19: 51-65.

Hamm CA (2010) Multivariate discrimination and description of a new species of
Tapinoma from the Western United States. Annals of the Entomological Society of
America 103(1): 20-29. https://doi.org/10.1603/008.103.0104

Heinze J (1989) Leptothorax wilsoni n. sp., a new parasitic ant from eastern North Amer-
ica (Hymenoptera: Formicidae). Psyche (Cambridge, Massachusetts) 96(1-2): 49—
62. https://doi.org/10.1155/1989/15931

Heinze J, Buschinger A, Poettinger T, Suefuji M (2015) Multiple convergent origins of
workerlessness and inbreeding in the socially parasitic ant genus Myrmoxenus. PLoS
ONE 10(7): e0131023. https://doi.org/10.1371/journal.pone.0131023

Holldobler B, Wilson EO (1990) The Ants. Harvard University Press, Cambridge, Massa-
chusetts, 732 pp. https://doi.org/10.1007/978-3-662-10306-7

Klein RW (1987) A workerless inquiline in Pseudomyrmex (Hymenoptera: Formicidae:
Pseudomyrmecinae). Pp 623—-624. In: Eder J, Rembold H (Eds) Chemistry and Biolo-
gy of Social Insects. Verlag J. Peperny, Miinchen, 757 pp.

Kutter H (1968) Die sozialparasitischen Ameisen der Schweiz. Neujahrsblatt der
Naturforschenden Gesellschaft in Zirich 171: 1-62.

Longino JT (2007) A taxonomic review of the genus Azteca (Hymenoptera: Formici-
dae) in Costa Rica and a global revision of the aurita group. Zootaxa 1491(1): 1-63.
https://doi.org/10.11646/zootaxa.1491.1.1

Menke SB, Booth W, Dunn RR, Schal C, Vargo EL, Silverman J (2010) Is it easy to be ur-
ban? Convergent success in urban habitats among lineages of a widespread native
ant. PLoS ONE 5(2): €9194. https://doi.org/10.1371/journal.pone.0009194

Mera-Rodriguez LD, Jourdan H, Ward PS, Shattuck S, Cover SP, Wilson EO, Rabeling C
(2023) Biogeography and evolution of social parasitism in Australian Myrmecia bull-
dog ants revealed by phylogenomics. Molecular Phylogenetics and Evolution 186:
107825. https://doi.org/10.1016/j.ympev.2023.107825

Messer SJ, Cover SP, Rabeling C (2020) Two new species of socially parasitic Nylan-
deria ants from the southeastern United States. ZooKeys 921: 23-48. https://doi.
org/10.3897/zookeys.921.46921

Prebus M, Lubertazzi D (2016) A new species of the ant genus Bothriomyrmex Emery,
1869 (Hymenoptera: Formicidae) from the Caribbean region. European Journal of
Taxonomy 211(211): 1-12. https://doi.org/10.5852/€jt.2016.211

ZooKeys 1202: 111-134 (2024), DOI: 10.3897/z00keys.1202.120478 133



Stefan P. Cover & Christian Rabeling: Four new inquiline social parasite species in the ant genus Tapinoma

Prebus M, Georgiev BB, van de Kamp T, Hamann E, Baker |, Rabeling C (2023) The redis-
covery of the putative ant social parasite Manica parasitica syn. nov. (Hymenoptera:
Formicidae) reveals an unexpected endoparasite syndrome. Biology Letters 19(12):
20230399. https://doi.org/10.1098/rsbl.2023.0399

Rabeling C (2021) Social Parasitism. Pp. 836-858. In: Starr CK (Ed.) Encyclope-
dia of Social Insects. Springer Nature, Cham, Switzerland, 1049 pp. https://doi.
org/10.1007/978-3-030-28102-1_175

Rabeling C, Bacci M (2010) A new workerless inquiline in the Lower Attini (Hymenoptera:
Formicidae), with a discussion of social parasitism in fungus-growing ants. System-
atic Entomology 35(3): 379—-392. https://doi.org/10.1111/j.1365-3113.2010.00533.x

Rabeling C, Cover SP, Johnson RA, Mueller UG (2007) A review of the North American
species of the fungus-gardening ant genus Trachymyrmex (Hymenoptera: Formici-
dae). Zootaxa 1664(1): 1-53. https://doi.org/10.11646/zootaxa.1664.1.1

Rabeling C, Schultz TR, Pierce NE, Bacci Jr M (2014) A social parasite evolved reproduc-
tive isolation from its fungus-growing ant host in sympatry. Current Biology 24(17):
2047-2052. https://doi.org/10.1016/j.cub.2014.07.048

Rabeling C, Schultz TR, Bacci Jr M, Bollazzi M (2015) Acromyrmex charruanus: A new in-
quiline social parasite species of leaf-cutting ants. Insectes Sociaux 62(3): 335-349.
https://doi.org/10.1007/s00040-015-0406-6

Rabeling C, Messer S, Lacau S, Nascimento IC, Bacci M, Delabie JHC (2019) Acromyr-
mex fowleri: A new inquiline social parasite species of leaf-cutting ants from South
America, with a discussion of social parasite biogeography in the Neotropical region.
Insectes Sociaux 66(3): 435-451. https://doi.org/10.1007/s00040-019-00705-z

Santschi F (1906) A propos de meeurs parasitiques temporaires des fourmis du genre
Bothriomyrmex. Annales de la Société Entomologique de France 75: 363-392.

Shattuck SO (1992) Generic revision of the ant subfamily Dolichoderinae (Hymenoptera:
Formicidae). Sociobiology 21: 1-181.

Talbot M (1977) The natural history of the workerless ant parasite Formica talbotae. Psyche
(Cambridge, Massachusetts) 83(3-4):282-288. https://doi.org/10.1155/1976/149241

Trager JC (1988) A revision of Conomyrma (Hymenoptera: Formicidae) from the
southeastern United States, especially Florida, with keys to the species. The Florida
Entomologist 71(1): 11-29. https://doi.org/10.2307/3494888

Ward PS, Branstetter MG (2022) Species paraphyly and social parasitism: Phylogenom-
ics, morphology, and geography clarify the evolution of the Pseudomyrmex elongatu-
lus group (Hymenoptera: Formicidae), a Mesoamerican ant clade. Insect Systemat-
ics and Diversity 6(1): 1-31. https://doi.org/10.1093/isd/ixab025

Wheeler WM (1904) A new type of social parasitism among ants. Bulletin of the Ameri-
can Museum of Natural History 20: 347-375.

Wheeler WM (1915) Some additions to the North American ant fauna. Bulletin of the
American Museum of Natural History 34: 389-421.

Wilson EO (1963) Social modification related to rareness in ant species. Evolution; Interna-
tional Journal of Organic Evolution 17(2): 249-253. https://doi.org/10.2307/2406469

Wilson EO (1971) The Insect Societies. Belknap Press, Harvard University, Cambridge,
Massachusetts, 548 pp.

Wilson EO (1984) Tropical social parasites in the ant genus Pheidole, with an analysis
of the anatomical parasitic syndrome (Hymenoptera: Formicidae). Insectes Sociaux
31(3): 316-334. https://doi.org/10.1007/BF02223615

ZooKeys 1202: 111-134 (2024), DOI: 10.3897/z00keys.1202.120478 134



+ZooKeys

ZooKeys 1202: 135-154 (2024)
DOI: 10.3897/z00keys.1202.118964

Research Article

New camaenid genus and species from Zhejiang, East China
(Eupulmonata, Helicoidea)

Min Wu'®, Tian Chen? Wang Shen’

1 School of Life Sciences, Nanjing University, Xianlindadao 163, Qixia, Nanjing 210023, China
2 Southern University of Science and Technology, Xueyandadao 1088, Nanshan, Shenzhen 518055, China
Corresponding author: Min Wu (minwu1969@aliyun.com)

OPEN aACC ESS

Academic editor: Frank Kohler
Received: 17 January 2024
Accepted: 17 April 2024
Published: 15 May 2024

ZooBank: https://zoobank.org/
B73212F2-69AA-4703-826B-
ADE235E8B7E0

Citation: Wu M, Chen T, Shen

W (2024) New camaenid genus

and species from Zhejiang, East
China (Eupulmonata, Helicoidea).
Z00oKeys 1202: 135-154. https://doi.

0rg/10.3897/z00keys.1202.118964

Copyright: © Min Wu et al.

This is an open access article distributed under
terms of the Creative Commons Attribution
License (Attribution 4.0 International - CC BY 4.0).

Abstract

We report a new land snail species representing a new genus from the mountainous
area of Zhejiang, China. The snail has a depressed shell with granules all over the sur-
face. The soft part of the new taxon is characterized by the presence of a mantle lobe
whose form is reviewed herein across a wide range of helicoid snails, the presence of a
developed epiphallic papilla, and the absence of a penial sheath, a dart sac apparatus
and a flagellum. As indicated by a molecular-based phylogeny (16S + ITS2), the new
taxon is deeply nested in the eastern Asian camaenid genera and shows a close rela-
tionship with the camaenids distributed in Central China.

Key words: Anatomy, Camaenidae, mantle lobe, molecular phylogenetics, new genus,
new species, taxonomy

Introduction

The first camaenid described in Zhejiang (= Dshe-dshiang, Chekiang [#iiT]),
China, was Acusta ravida (Benson, 1842). So far, there are about 20 species of
camaenid land snails known from Zhejiang, grouped into seven genera, namely
Acusta Martens, 1860, Aegista Albers, 1850, Bradybaena Beck, 1837, Nesiohelix
Kuroda & Emura, 1943, Plectotropis Martens, 1860, Satsuma A. Adams, 1868
and Traumatophora Ancey, 1887. Acusta ravida, a widespread species in Cen-
tral and East China (Mdllendorff 1875, 1884; Gredler 1878; Heude 1882; Pilsbry
1888, 1934; Gude 1902b; Yen 1935, 1936, 1938, 1939, 1942, 1948; Hwang et al.
2021; etc.), is known from Zhoushan (= Chusan, Chowshan, the type locality [/}
t11]), Tonglu [#f /5], Moganshan [Z£F-111], Fuyang [ FH], Jiande [#f#](= Yenchow
[™H]), Lutzepu [?7 7% #¥], Xiaoshan (= Hsiaoshan [7#f1li]) of Zhejiang (Benson
1842; Mollendorff 1884, 1899; Gude 1902a, 1902c; Yen 1948) and the neigh-
boring provinces (Mollendorff 1875, 1899; Yen 1936). The congener A. redfieldi
(Pfeiffer, 1852), widespread in Central and South China (Heude 1882; Méllen-
dorff 1884, 1899; Pilsbry 1888; Gude 19023, 1902c; Yen 1938, 1939, 1942), was
recorded with imprecise localities from Zhejiang (Mdllendorff 1884, 1899).
Bradybaena cremata (Heude, 1882), may not be a Zhejiang member because
its only locality Wuyuan (= Wu-ylian [Z£7]) (Heude 1882; Moéllendorff 1884;
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Pilsbry 1887; Yen 1939; Zilch 1968) belongs to Jiangxi [{T.74] but not mistaken-
ly “Zhejiang” (Mdllendorff 1884), which some authors subsequently followed
(e.g., Gude 1902c). However, the distribution of this species in Zhejiang is pos-
sible because Wuyuan is close to West Zhejiang. A similar situation is also
evident for B. dichroa (Pfeiffer, 1846), originally described from Shanghai [ 1]
(Méllendorff 1884; Pilsbry 1888; Yen 1942) neighboring northern Zhejiang, but
treated as a species from Zhejiang (Gude 1902c). Bradybaena similaris (Rang,
1831), from Central China [including synonym B. similaris nucleus (Deshayes,
1873)] and Southeast China (Heude 1882; Mollendorff 1884; Gude 19024, c;
Jones and Preston 1904; Pilsbry and Hirase 1905; Yen 1936, 1939, 1942; Kuro-
da and Habe 1949; Zilch 1968, 1974) and “Nordlich von Shanghai scheint sie
zu fehlen” (Méllendorff 1884), is also distributed in Zhejiang (Gude 1902c; Yen
1948). Interestingly, the distribution of B. similaris in northern China (e.g., Yen
1935) is possibly anthropogenic (personal observation by Wu M).

Considering that Mastigeulota kiangsiensis (Martens, 1875) is distributed
in Central China including Hubei [i#t], Jiangxi, and Sichuan [[/4)1]], which are
west of Hongzehu Lake [Jt7i#] of Anhui [%%]] (Heude 1882; Gredler 1884;
Mollendorff 1884; Pilsbry 1934; Yen 1942; etc.), the distribution record of one of
its subspecies M. kiangsiensis hilberi (Kobelt, 1894) in Zhejiang (Gude 1902c)
rather than Hubei (Hankow = Hankou [/X I71] is the possible locality, Zilch 1968)
is quite doubtful. Another species whose distribution was falsely recorded as
Zhejiang is Pseudiberus tectumsinense (Martens, 1873) (Gude 1902a), as all
evidence shows that it is a species geographically limited to Jinan [ ] of
Shandong [1l1Z5] (Martens 1873; Méllendorff 1884; Pilsbry 1888; Gude 1902c;
Yen 1939, 1942; Zilch 1968; Wu and Qi 2006; Zhang et al. 2021).

Aegista chinensis (Philippi, 1845) was recorded from Moganshan, Fengshiu
(= Fenshui [4r7K] of Tonglu) and Tonglu (Yen 1948). Four Plectotropis were
found in Zhejiang. Plectotropis brevibarbis (Pfeiffer, 1859) has the widest dis-
tribution as it is widespread in Wongkiang (= Oujiang [i7L]), Fengshiu of the
SE region (Yen 1948) and the NW region (Zhou et al. 2011) of the province or
so-called “north of China”, possibly referring more to Zhejiang (Pfeiffer 1859;
Pilsbry 1887) than northern China in the present sense. Plectotropis brevibarbis
is also known from Ningguo [7*[E] of Anhui and the region between Shanghai
and Wuyuan, both bordering northern Zhejiang (Heude 1882; Méllendorff 1884;
Yen 1939). The species P. sedentaria (Heude, 1885), originally described from
Fengjie [ 7] of Chongqing [ /K] (previously a part of Sichuan) (Heude 1885;
Yen 1938) is present in Chiangshan [{T111], Zhejiang (Yen, 1948). Plectotropis
barbosella (Heude, 1882), the third species of the genus, was reported from
Shanghai, Taihu Lake [Ki#f], and a variety of localities in Zheijang (Heude 1882;
Mollendorff 1884; Pilsbry 1888; Gude 1902c; Yen 1939, 1942 1948; Zilch 1968).
P. scitula (Pilsbry & Hirase, 1908) was originally reported from Hangzhou [Fi /]
(Pilsbry and Hirase 1908). Plectotropis trichotropis trichotropis (Pfeiffer, 1850)
was reported from Shanghai alongside northern Zhejiang, Wuyuan and Dongliu
[%:7it] adjacent to western Zhejiang (Gredler 1881; Mollendorff 1884; Heude
1885; Pilsbry 1888; Yen 1942) and was listed as a species in Zhejiang by Gude
(1902c) who similarly treated P trichotropis laciniata (Heude, 1882) (Heude
1882; Pilsbry 1888; Gude 1902c; Yen 1939, 1942; Zilch 1968) as a species from
Zhejiang. Another subspecies P. trichotropis ningpoensis (Boettger, 1892) was
found in eastern Zhejiang (Pilsbry 1892; Gude 1902c; Yen 1939; Zilch 1968).
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Three or four Satsuma species, with only one verified for generic position,
have been reported from Zhejiang. Satsuma (?) fortunei (Pfeiffer, 1850) has
been reported from several localities in Zhejiang (Yen 1948), from which
the species from Anhui and Shanghai, each bordering West and North Zhe-
jiang, has been reported (Heude 1882; Pilsbry 1887). Satsuma laeva (Pils-
bry & Hirase, 1908) was first described from Hangzhou (Pilsbry and Hirase
1908; = Satsuma uncopila sensu Wang et al. 2014, see Zhang et al. 2019)
and then Yen (1948) found it in nearby Tonglu and Lutzepu. Satsuma (?) un-
copila (Heude, 1882), a species common in the Yangtze River valley (Heude
1882; Méllendorff 1884; Pilsbry 1887; Yen 1939, 1942; Zilch 1968; Zhang et al.
2019), was found in Moganshan at Southeast Anhui and South Jiangsu (Yen
1948). Satsuma (?) latilabris (Méllendorff, 1874) is distributed in Jiujiang [JL
L], Jiangxi (Mollendorff 1874, 1884; Zilch 1968; Zhang et al. 2019), which is
located spatially near to West Zhejiang and was listed by Gude (1902c) as a
member of Zhejiang.

Cathaica fasciola (Draparnaud, 1801), usually seen in horticulture environ-
ments, is a synanthropic species in Zhejiang (personal observation by Wu M).

With regard to the large-sized camaenids in the province, Nesiohelix cecillei
(Philippi, 1849) is known from Tiantong (= Tien-tung or Tien-tong [ X #]) of the
east region (Méllendorff 1884; Pilsbry 1890; Gude 1902c; Yen 1939, 1942; Zilch
1968). Nesiohelix moreletiana (Heude, 1882) is distributed in Hangzhou and
Moganshan (Pilsbry 1890; Gude 1902c; Yen 1939, 1948; Habe 1945; Wu and
Asami 2017), and in Ningde [7*/#] of NE Fujian and Guangde [/ %] of Anhui
neighboring North Zhejiang (Heude 1882; Mollendorff 1884). Nesiohelix yeni
Wu & Asami, 2017 was found sympatrically with N. moreletiana in Hangzhou
(Wu and Asami 2017). Another large camaenid distributed in Zhejiang is Trau-
matophora triscalpta (Martens, 1875), which is also known from Jiangxi (Boy-
anghu = Poyanghu [#FHi#], Fuzhou [#£/M]), Hubei, and Zhejiang (Heude 1882;
Gredler 1884; Mollendorff 1884; Pilsbry 1890; Gude 1902c; Yen 1939, 1942; Wu
2019). The fossils of T. triscalpta, along with those of A. ravida, A. redfieldi, and
B. similaris, were found in the sedimentary outcrops of the Upper Pleistocene
near Zhenjiang and Nanjing [ 5%] of Jiangsu [{L77], whose sites lie approxi-
mately 100 km north to North Zhejiang (Yen 1943).

In contrast to the northern parts of East China, more than 74% of the moun-
tainous area in Zhejiang provides a considerable variety of microhabitats where
speciation of land snails is expected. We have recently found a camaenid slight-
ly smaller than Nesiohelix moreletiana and N. yeni in shell size that represents
an unknown camaenid in terms of genital anatomy and molecular systematics.
The presence of a lobe on the mantle collar in this new snail impels us to com-
pare this body part in a wider range of helicoid snails.

Materials and methods

Morphology

Living specimens were relaxed by drowning in water and then fixed in 70% eth-
anol. The shell and genital system were measured with digital vernier calipers
and from photograph to the nearest 0.1 mm, respectively. Whorl humber was
counted as described by Kerney and Cameron (1979), with 0.125 (= '/,) whorls

ZooKeys 1202: 135-154 (2024), DOI: 10.3897/z0okeys.1202.118964 137



Min Wu et al.: New camaenid genus from China

accuracy. Parts of the genital system were measured after the specimens were
sufficiently fixed in 70% ethanol. Radula preparation: The buccal mass was re-
moved and treated in 10% sodium hydroxide solution below 60 °C for up to
10 min before the radula was extracted. The released radula was cleaned with
water using a sonic cleaner and then transferred into 75% ethanol before be-
ing mounted. The radula was examined under a scanning electron microscope
(SEM; Sigma 500). To observe the possible lobe near the mantle edge, the hard-
ened mucus and small pieces of dirt were carefully removed with a soft brush
under water. Directions used in descriptions: proximal = towards the genital
atrium; distal = away from the genital atrium.

The Chinese name for the person, new taxon or locality is provided only once
in square brackets when necessary.

Molecular phylogenetic analyses

Whole genomic DNA was extracted from a piece of pedal muscle of the etha-
nol-preserved specimens using TIANamp Marine Animals DNA Kit. Each 25 pL
PCR mixture consisted of 12.5 pL cwbio 2x Es Taq MasterMix Dye, 9.5 pL
ddH,0, 1 pL template DNA, 1 pL forward primer (10 pL/L) and 1 pL reverse
primer (10 pL/L). Primers used for ITS2 were LSU1: 5-CTAGCTGCGAGAAT-
TAATGTGA-3', LSU3: 5-ACTTTCCCTCACGGTACTTG-3' (Wade and Mordan
2000), for 16S were 16SAR: 5-CGCCTGTTTATCAAAAACAT-3’, 16SBR: 5'-CCG-
GTCTGAACTCAGATCACGT-3' (Palumbi et al. 1991). The conditions for ther-
mal cycling, performed on an Eastwin ETC811 Cycler, for 16S were 60 s at
96 °C for pre-denaturing, 35 cycles of 30 s at 94 °C, 30 s at 55 °C and 60 s at
72 °C, and a final extension at 72 °C for 10 min; for ITS2 4 min at 94 °C for
pre-denaturing, 30 cycles of 20 s at 94 °C, 20 s at 55 °C and 40 s at 72 °C, and
a final extension at 72 °C for 10 min. The amplicons were examined on a 1%
agarose gel for quality and fragment size, then were purified and sequenced
on an automated sequencer.

Chromatographs and sequences were studied and compiled in Sequencher
v.4.5. For phylogenetic analysis, sequences of the new taxon (GenBank acces-
sion numbers: 16S, 0R209732; ITS2, OR209722) and all those from a recently
published work (see Wu et al. 2023, table 3) were included. The alignment
of ITS2 and 16S was performed in batches with MAFFT v.7.505 (Katoh and
Standley 2013) in PhyloSuite v.1.2.3 (Zhang et al. 2020; Xiang et al. 2023) us-
ing ‘-auto’ strategy and normal alignment mode. Gap sites of rRNA genes were
removed with trimAl v.1.2rev57 (Capella-Gutiérrez et al. 2009) using “-auto-
mated1” command. DAMBE v.7.3.32 (Xia 2018) was employed to make the
saturation tests. Unsaturated sequences were concatenated in the same or-
der for subsequent analyses. The best-fit partition model (Edge-linked) was
selected under the BIC criterion using ModelFinder (Kalyaanamoorthy et al.
2017). Bayesian inference phylogenies were inferred using MrBayes v.3.2.7a
(Ronquist et al. 2012) under a partition model (2 parallel runs, 800,000 gen-
erations), in which the initial 25% of sampled data were discarded as burn-in.
Maximum-likelihood phylogenies were inferred using IQ-TREE (Nguyen et al.
2015) under the Edge-linked partition model for 5000 ultra-fast (Minh et al.
2013) bootstraps, as well as the Shimodaira-Hasegawa-like approximate like-
lihood-ratio test (Guindon et al. 2010).
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Abbreviations

At - atrium; BC —bursa copulatrix; BCD — bursa copulatrix duct; Ep — epiphal-
lus; EpP — epiphallic papilla; FO - free oviduct; P — penis; PR — penial retractor
muscle; Va - vagina; VD — vas deferens.

Depositories

HBUMM  mollusc collection of the Museum of Hebei University, Baoding, China
IZCAS Zoological Museum, Institute of Zoology, Chinese Academy of Sci-
ences, Beijing, China

Results
Phylogeny of the studied taxa

A concatenated matrix of 80 terminals (including outgroup) x 1045 bp (296 bp
from partial 16S sequence and 749 bp from partial ITS2 sequence) was used in
the subsequent analyses. Both 16S and ITS2 were unsaturated. For the Bayes-
ian method, GTR+F+1+G4 was selected as the best evolution model for 16S, as
well as K2P+G4 for ITS2. For the ML method, GTR+F+I+G4 was the best model
for 16S | and K2P+1+I+R2 was the best model for ITS2.

The obtained phylograms using Bayesian inference and the maximum-likeli-
hood analysis are topologically similar to each other except for two positions,
as indicated in Fig. 7. Most clades received high support. The genera Nesiohelix
Kuroda & Emura, 1943, Traumatophora Ancey, 1887, Camaenella Pilsbry, 1893,
Aegista, Plectotropis Martens, 1860 are basal on the tree. Sinocamaena gen.
nov. is inside the clade consisting of a variety of taxa that are almost exclusive-
ly endemic to the Southern Gansu Plateau. The phylogram topologically agrees
well with that of Wu et al. (2023).

Comparative study of the mantle lobe in helicoids, especially for eastern
Asian taxa

In some preserved specimens, the mantle lobe is covered with curdled mucus
and is difficult to observe. At the mantle collar, the lobe-like flesh (literally indis-
tinguishable from “lobe”, e.g., in Chen et al. 2021) near the anus+ pneumostome,
forms a more or less developed elongating part of the structure of the anus or-
ifice, i.e., the suprapneumostomal and subpneumostomal lobes (e.g., in Napae-
us nanodes, fig. 6A in Henriquez et al. 1993). In this work, the mantle lobe refers
to a single separate piece of fleshy lamina (e.g., Fig. 3B) on the opposite side of
the lobe-like structure near the anus + pneumostome (e.g., Fig. 3A), which ap-
pears as a thin fleshy flap that is usually attached to the inner wall of the mantle
collar. If present, the mantle lobe of a dextral-shelled snail is on the left side, and
in the case of a sinistral-shelled snail on the right side of the mantle collar.

We observed mantle lobes in the voucher specimens phylogenetically investigat-
ed here and in other specimens including Acusta, Aegista, Bradybaena, Camaena
Albers, 1850, Camaenella, Euhadra Pilsbry, 1890, Nesiohelix, Plectotropis Martens,
1860, Satsuma, Sinocamaena gen. nov. (see below), and Traumatophora (Table 1).

ZooKeys 1202: 135-154 (2024), DOI: 10.3897/z0okeys.1202.118964 139



Min Wu et al.: New camaenid genus from China

Table 1 Material examined for the comparative morphology of the mantle lobe in some helicoids.

Species
Acusta ravida (Benson, 1842)
Aegista chinensis (Philippi, 1845)
Angiomphalia (Angiomphalia) guljaensis Wu, 2004
Bradybaena brevispira (H. Adams, 1870)
Bradybaena circula (Pfeiffer, 1846)
“Bradybaena” eris pachychila (Mollendorff, 1899)
Bradybaena linjun Wu & Chen, 2019
Bradybaena gixiaensis Wu & Asami, 2017
Bradybaena similaris (Rang, 1831)
“Bradybaena” strictotaenia (Méllendorff, 1899)
“Buliminidius” achatininus (Méllendorff, 1899)
“Buliminidius” hirsutus (Mdllendorff, 1899)
Camaena menglunensis Chen & Zhang, 1999
Camaenella platyodon (L. Pfeiffer, 1846)
Cathaica buvigneri (Deshayes, 1873)
Cathaica fasciola (Draparnaud, 1801)
“Cathaica” gansuica Méllendorff, 1899
“Cathaica” pulveratricula (Martens, 1882)
Cepaea hortensis (Mdiller, 1774)
Eueuhadra sp.

Euhadra amaliae (Kobelt, 1875)

Euhadra sandai communis Pilsbry, 1928

Fruticicola fruticum (Mduller, 1774)

Helix pomatia Linnaeus, 1758

Karaftohelix middendorffi (Gerstfeldt, 1859)
Laeocathaica spp.

Mastigeulota kiangsiensis (Martens, 1875)

Metodontia wenxianensis Chen & Zhang, 2004

Nesiohelix moreletiana (Heude, 1882)

Nesiohelix sp.

Plectotropis sterilis (Heude, 1890)

Ponsadenia (Mesasiata) duplocincta (Martens, 1879)
Pseudiberus liuae Wu, 2017

“Pseudobuliminus” piligerus (Mdllendorff, 1899)
Pseudobuliminus strigatus (Mollendorff, 1899)
Pseudobuliminus subcylindricus (Mollendorff, 1899)
Pseudostegodera giului Chen, 2021

Satsuma guandi Zhang, Zhu & Lyu, 2019

Satsuma uncopila (Heude, 1882)

Sinochloritis liif Wu & Chen, 2019

Sinochloritis sp.

“Stilpnodiscus” entochilus Méllendorff, 1899
Traumatophora triscalpta (Martens, 1875)
Trichobradybaena submissa (Deshayes, 1873)
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Collection information of the examined specimens
HBUMMO06242, Xiuning, Anhui, China, coll. Zheng W, Liu JY, 2007-V-19
HBUMMO06481, Nanshan, Zhenjiang, China, coll. Wu M & Xu Q, 2011-VI-12
HBUMMO05177, Gulja, Xinjiang, China, coll. Wu M, Ayken A, 2002-VI
HBUMMO04167, Baidicheng, Fengjie, China, coll. Wu M, 2004-VII-20
HBUMMO06859, Yoron-to Island, Japan. Individual, No. 3, coll. Hou L & Asami T, 2012-VI
HBUMMO05493, Wenxian, Gansu, coll. Wu M et al., 2006-1X-28
HBUMMO08241, types
HBUMMO06841, paratypes, Qixiashan, Nanjing, China, coll. Wu M, Fang YX & Wang DB, 2012-6-26
HBUMMO006861, Matsumoto, Nagano, Japan. No. 3; coll. Hou L & Asami T, 2012-VI-13
HBUMMO05467, Wenxian, Gansu, China, coll. Wu M, Liu JM, Zheng W and Gao LH, 2006-IX-27
HBUMMO00523, Gansu, China
HBUMMO06565, Jiuzhaigou, Sichuan, coll. Wu, Xu & Buhda, 2011-VIII-14
HBUMMO01701, Bubang, Yunnan, China, coll. Wu M & Wiktor A, 2002-VII-25
HBUMMO08457, Hainan, China, 2020-1X
HBUMMO08140, Huanxian, Gansu, China, coll. Sheng XF et al., 2017-VII-29
HBUMMO08144, Qingyang, Gansu, colln. Sheng XF et al., 2017-VII-28
HBUMMO05666, Dangchang, Gansu, China, coll. Liu JM, Zheng W, 2006-X-02
HBUMMO08208, Dingxi, Gansu, coll. Sheng XF et al., 2017-VIlI-4
HBUMMO05979, Slagelse, Denmark, coll. Guo JY, 2003-V-7-8
HBUMMO03341, Heishui, Sichuan, coll. Zhou HZ, 2001-VII-24-26

HBUMMO06851, Kyoto, Japan, No. 3, coll. Asami T, 2010; HBUMMO06868—Kyoto, Japan, No. 2,
coll. Asami T, 2010

HBUMMO06856, Kyoto, Japan, coll. Asami T

HBUMMO01006, Lower Silesia Reserve Muszkowicki Las Bukowy near Henry Kow, Poland, coll.
Wu M & Wiktor A, 1999-VI-26

HBUMMO05972a, Nyborg, Denmark. coll. Guo JY, 2003-V-15
HBUMMO05924, Cypancebua, Russia, coll. Sayenko EM, 2002-1X-27

All known species, see Wu et al. 2023

HBUMMO04190, Badong, Hubei, China, coll. Wu M, Wu Q, Qi G, 2004-VIII-1

HBUMMO03335, Wenxian, Gansu, China, coll. Chen DN & Zhang GQ, 1998-V-17 (synonym:
Metodontia bidentatus Wu & Prozorova, 2006)

HBUMMO00054, Hangzhou, Zhejiang, China, coll. Chen DN, 1979-VIII-12

HBUMMO06873, Jiahe, Hunan, China, coll. Liu ZP, 2016-V-29

HBUMMO04568, Badong, Hubei, China, coll. Wu M, 2003-VIII-20

HBUMMO05886, Xinyuan, Xinjiang, China, coll. Wu M, Ayken A, 2002-VI-05

HBUMMO06759, Shijiba, Wenxian, Gansu, China, types, coll. Wu M, Xu Q & Buhda B, 2011-VI-10
HBUMMO05428, Wenxian, Gansu, China, coll. Wu M et al., 2006-1X-27

HBUMMO05773, Wenxian, Gansu, China, coll. Wu M, 2006-1X-28

HBUMMO04457, Wenxian, Gansu, coll. Chen DN & Zhang GQ, 1998-IV-27

IZCAS TM206978, holotype

HBUMMO08239, Wenyuan, Shaoguan, Guangdong, China, coll. Yu D

HBUMMO03296, Zhongshanling, Nanjing, China, coll. Wu M, 2000-V-1. HBUMMO06839, Tangshan,
Nanjing, China, coll. Xu Q, Wang SY & Hou L, 2012-VI-29

HBUMMO08294, types

HBUMMO04525, Lushui, Yunnan, coll. Chen DN, 1981-VI-5

HBUMMO00076, Jiuzhaigou, Sichuan, China, coll. Chen DN & Zhang GQ, 1998-V-18
HBUMMO06875, Tianmushan, Zhejiang, China, coll. Zhou DK, 2016-V
HBUMMO01504, Meitan, Guizhou, China, coll. Wu M, 2003-VIII-2
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The groups that do not have a mantle lobe are the following: “Bradybaena” in
Central China, Buliminidius Heude, 1890, Cathaica Mollendorff, 1884, Fruticicola
Held, 1837, Metodontia Méllendorff, 1886, Pseudiberus Ancey, 1887, Pseudob-
uliminus Gredler, 1886, Stilpnodiscus Mollendorff, 1899, and Trichobradybaena
Wu & Guo, 2003 (Table 1).

Other groups of helicoids from Camaenidae, Hygromiidae and Helicidae,
which are not included in the present phylogenetic study but have been ana-
tomically examined, have mantle lobes as in Hygromiidae: Angiomphalia Schi-
leyko, 1978; in Camaenidae: Eueuhadra Wu, 2004, Mastigeulota Pilsbry, 1894,
Ponsadenia Schileyko, 1978, Pseudostegodera Wu & Chen, 2021, Sinochloritis
Wu & Chen, 2019 (Wu et al. 2019b) and Sinorachis Wu & Chen, 2019 (Wu et al.
2019a); and in Helicidae: Cepaea Held, 1837 and Helix Linnaeus, 1758 (Table 1).

Systematics

Helicoidea Rafinesque, 1815
Camaenidae Pilsbry, 1895

Sinocamaena Wu, gen. nov.
https://zoobank.org/40C4A6B6-BC44-4F77-87E3-1DDF85815DB3

Chinese name. H1£IZIZE.

Type species. Sinocamaena cheni Wu, gen. et sp. nov.

Diagnosis. Shell depressed. Protoconch and teleoconch granulate. Pro-
toconch strongly sculptured. Peristome expanded. Head wart low and tiny.
Between the ommatophore insertions, a gland pore present. A mantle lobe
present. Penial sheath absent. Epiphallus very short. Epiphallic papilla well de-
veloped. Flagellum absent.

Description. Shell depressed. Whorls slightly convex. Suture slightly im-
pressed. Umbilicus broad. Protoconch with granules on strong radial sculpture.
Peristome expanded. Adult shell surface without ribs, hairs or scales. Growth
lines fine and evenly broken into granules on teleoconch. Shell with several thin
bands above and beneath carina.

General anatomy. A small pore externally present between ommatophore
insertions. Eversible head wart very weakly developed. A mantle lobe present.

Genitalia. Penial sheath absent. Penis externally without penial caecum. Pi-
lasters inside penis low and weak. Epiphallus very short. Epiphallic papilla rath-
er developed. Flagellum absent.

Etymology. This new genus is named after “sino” (= China) and “camaena”
which is a camaenid genus that includes many large-sized helicoid species.

Distribution. China: Zhejiang.

Remarks. The new genus is conchologically close to many camaenids, such
as Camaena Albers, 1850 and Burmochloritis Godwin-Austen, 1920, in having
a large helicoid shell with multiple slender bands. In comparison to Camaena
(sensu Schileyko 2003), the new genus has a strongly sculptured protoconch
and an extremely short epiphallus (the part between penial retractor muscle
insertion and vas deferens insertion), but has neither the axial corrugated pi-
lasters within penis nor the flagellum. The new genus differs from Burmochlo-
ritis (Pall-Gergely et al. 2023) in the absence of the flagellum, the long cylin-
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drical epiphallus, the penial caecum and the dart sac. Sinocamaena gen. nov.
shares with Sinochloritis the possession of granules on the protoconch and
the characters from both general and genital anatomy, including the presence
of a visible gland pore between the ommatophore insertions, a mantle lobe,
a well-developed epiphallic papilla and the absence of a penial sheath and a
dart sac apparatus. Compared to Sinochloritis, the new taxon has neither a fla-
gellum nor a long epiphallus with the cylindrical trunk, nor prominent penial pi-
lasters. In terms of shell morphology, generally, the new genus looks different
from any other Chinese indigenous camaenid genus. Regardless of the shell
morphology, all the other Chinese camaenid genera having no dart sac appara-
tus, i.e.,, Amphidromus Albers, 1850, Landouria Godwin-Austen, 1918, Pancala
Kuroda & Habe, 1949, Satsuma, Yakuchloritis Habe, 1955, Pseudostegodera
and the above mentioned Sinochloritis, possess a well-developed flagellum
in the male part of genitalia (table 1 in Wu 2023). The present phylogeny (Fig.
7) suggests that the new taxon is possibly the nearest relative of almost all
the members of dart sac-bearing bradybaenines endemic to the South Gansu
Plateau or Central China.

Itis noteworthy that the taxa that are basal on the phylogram, i.e., Nesiohelix,
Traumatophora, Acusta, Bradybaena, Plectotropis, Aegista, Euhadra, Satsuma,
Camaena, have mantle lobes. In general, the camaenids from Central China
constitute a monophyly that receives high support values (clade X in Fig. 7),
in which all terminals have a dart sac apparatus but lack a mantle lobe. The
extended study of mantle lobes in helicoids taken here suggests that the pres-
ence of the mantle lobe could be a widely distributed and possibly a plesiomor-
phic character in the superfamily Helicoidea.

Sinocamaena cheni Wu, gen. et sp. nov.
https://zoobank.org/BAD768FA-1757-4938-83A2-E84FCE83B407

Chinese name. [ [K 1 4E IR IZ,

Type material. Holotype: a fully mature living snail, HBUMMO08381-spec. 1,
Zhangjiadi [5kZ 1], Yunhe County [=#A18], Lishui [N§7K], Zhejiang Province;
around oaks in remote forest, 27.974°N, 119.379°E, c. 820 m a.s.l., 2019-VII,
coll. Chen, Tian [FKX]; molecular voucher specimen HBUMMO08381a. Para-
types: five fully mature empty shells, HBUMMO08381-spec. 2—6, same collection
data as holotype; HBUMMO08367, a fully mature living snail; Zhangjiadi, Yun-
he County, Lishui, Zhejiang Province; oak woods, coll. Chen, Tian; molecular
voucher specimen HBUMMO08367a-1; HBUMMO08382-spec. 1, a living snail that
reared to maturity at laboratory, same collection data as holotype; a fully ma-
ture empty shell, HBUMMO08370-spec. 1, Mihougu [#i#% %], Fengyangshan [X FH
tli], Longquan County [J# /% &], Lishui, Zhejiang Province; 27.897°N, 119.159°E,
1100 m a.s.l,, 2019-VIII-26, coll. Ye, Shi-Han [ #7i#].

Measurement of holotype. Shell height 19.2 mm, shell breadth 44.3 mm,
aperture height 15.9 mm, aperture breadth 22.2 mm, embryonic shell whorls
1'/,, whorls 4%/,

Description. Shell (Fig. 1) large, depressed. Whorls slightly convex. Su-
ture shallowly impressed. Umbilicus broad with embryonic whorls visible,
approximately one-fifth of shell major diameter. Bottom-umbilicus transition
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Figure 1. Sinocamaena cheni Wu, gen. et sp. nov. A holotype, HBUMMO08381-spec. 1 B paratype, HBUMMO08382-spec.
1, reared to maturity in laboratory C, D HBUMMO08381, holotype C shell apex D shell surface. Upper scale for A, B; lower
scale for C, D.
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Figure 2. Sinocamaena cheni Wu, gen. et sp. nov., paratype, HBUMMO08382-spec. 1,
a specimen reared to maturity in laboratory.

changed gently. Columella oblique or obliquely curved. Columellar lip slightly
covering umbilicus. Protoconch evenly granulate with strong radial sculpture
(Fig. 1C). Teleoconch granulate, without hairs, scales or spiral furrows (Fig. 1D).
Peristome evenly expanded, minutely sinuate. Aperture oblique, slightly expand-
ed. Body whorl large, straight in front, sharply carinate above periphery. Aper-
ture without inner ring-like thickening. Peristome thin, in faint purple. Shell dull
and brownish yellow, with many clear thin brown bands above and beneath cari-
na. Measurements (types, N = 8): shell height 17.5-21.0 mm (18.7 £ 1.15 mm),
shell breadth 41.2-46.8 mm (43.9 £ 1.89 mm), aperture height 14.2-16.8 mm
(15.4 £ 0.86 mm), aperture breadth 20.6—-23.8 mm (22.3 + 1.34 mm), embryon-
ic shell whorls 1-1/, (1.125 + 0.1157 whorls), whorls 4%/,-4%/ (4.531 £ 0.1108
whorls), shell height/breadth ratio 0.41-0.45 (0.43 + 0.013).

General anatomy (Figs 2—4). Externally, a small pore present between ommato-
phore insertions. Eversible head wart surrounding the pore very weakly present. A
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Figure 3. Sinocamaena cheni Wu, gen. et sp. nov., general anatomy A-C holotype, HBUMMO08381-spec.1 A lobe-like struc-
ture near the anus+ pneumostome B mantle lobe on the left margin of mantle collar C anterior part of the animal, dorsal
view, between ommatophore tentacles, showing the head gland where the pore/opening is not obvious D-H paratype,
HBUMMO08367-spec.1 D lobe-like structure near the anus+ pneumostome E mantle lobe on the left margin of mantle col-
lar F dorsal view of anterior part of the animal, showing the pore among the contractive head gland G internal body wall
of head, showing the head gland pore between the ommatophore tentacles H jaw, with basal muscle tissue remaining.

mantle lobe present. Tentacles and body in dark leaden-black; sole in color light-
er than dorsal side. Jaw arcuate; with 12 more or less projecting ribs (Fig. 3H).
Radula (HBUMMO08367-spec. 1) comprises numerous transverse rows of teeth,
each row containing approximately 131 teeth, 38+27+1+27+38. Central tooth
symmetrically conic, without cuspid. Lateral tooth about more than two times
larger than central tooth, strong conic medially, weakly uni-cuspid at both sides.
Marginal teeth gradually changing from broadly tri-cuspid to tetra-cuspid (Fig. 4).
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Figure 4. Sinocamaena cheni Wu, gen. et sp. nov. SEM photos. Paratype, HBUMMO08367-spec.1 A section of radula,
symmetry axis of radula arrowed B central teeth and lateral teeth; central teeth arrowed C lateral teeth D marginal teeth.

Genitalia (Figs 5, 6). Penial sheath absent. Penis club-shaped, swollen near
insertion of penial retractor muscle. Penis externally simple, internally with nu-
merous longitudinal arranged low projections like scales, which do not connect
to each other into pilasters along the penial inner wall. Epiphallic papilla rather
developed, on side of penial retractor muscle insertion with about several lon-
gitudinal pilasters which join apically. Epiphallus very short and stout, internally
with a septum longitudinally dividing epiphallus into two separate chambers
which one is empty and another one with about 10 pieces of high and low pilas-
ters among which middle one is the strongest (Fig. 6). Flagellum absent. Mem-
branous sac surrounding terminal genitalia absent. Dart sac apparatus absent.
Vas deferens thin, slightly thickened near epiphallus. Vagina thick, subequal
to penis in length. Bursa copulatrix duct thin, proximally not expanded. Mea-
surement in holotype: P — 9.9 mm; Ep — 2.4 mm; VD - 19.4 mm; PR — 4.8 mm;
Va - 7.2mm; FO - 5.4 mm; BC plus BCD - 55.3 mm.

Ecology. This species was found in the litter layer in broad-leaved forest
where oaks dominate (Fig. 8). However, the rediscovery of this species failed at
one of the known localities (Zhangjiadi, Lishui) in April 2023.

Etymology. This new species is named in memory of Professor Chen De-Niu
[ Nov 1939 — March 2024], a known malacologist working on Chinese
land molluscs. Prof. Chen was one of the doctoral supervisors for Wu M.

Distribution. Zhejiang (only from type localities: Yunhe, Longquan).
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Figure 5. Sinocamaena cheni Wu, gen. et sp. nov., genitalia, holotype, HBUMMO08381-spec.1 A general view of genitalia
B exposed penis C exposed penial papilla.

Remarks. The new species and Camaena vulpis (Gredler, 1887) are superfi-
cially similar in having the densely and minutely granulate surface, numerous
spiral thin bands and the general shape of shell. However, besides possessing
a distinctly larger shell and a higher spire, the latter species has a totally differ-
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Figure 6. Sinocamaena cheni Wu, gen. et sp. nov., holotype, HBUMMO08381-spec.1. ex-
posed penis and exposed penial papillae, showing cross-sections.

ent genital system, which has a long flagellum (HBUMMO08664, Liannan [i% F4],
Nature Reserve of Giant Salamander, Guangdong, China, 2023-VII, coll. Wang
Chong-Rui [F 225, Chen Hui [F%#%]). The new species can be promptly distin-
guished from all the other Chinese camaenid taxa in genitalia because of the
absence of the dart sac apparatus and the flagellum.

The phylogenetic analysis suggested that the new species/genus and the
taxa distributed in Central China are possibly close relatives (Fig. 7). For other
comments see the genus.
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Figure 7. Maximum-likelihood phylogram based on the concatenated partial mitochondrial 16S and partial ITS2 sequenc-
es of East Asian camaenid species. The tree is rooted on Helix pomatia. Numbers near nodes indicate the Shimodaira
and Hasegawa-approximate likelihood-ratios (SH-aLRT)/approximate Bayes test (aBayes)/ultra-fast bootstrap (IQ-TREE,
maximum likelihood)/posterior probability (MrBayes, Bayesian inference). An asterisk on the branch indicates a clade
with all well-supported values (SH-aLRT = 80%, aBayes > 0.95, BS = 95%, PP = 0.95). The broken branch indicates that the
branch is shortened to exactly 1/2 the original length. Scale bar is for substitutions per site. Orange branches indicate
where the Bl tree topologically differs from the ML tree. Red dot/green dot indicates every terminal on that branch that
has/has not a mantle lobe. An asterisk after the species name indicates that observation of the mantle lobe failed due
to the bad condition of the specimen. The species under the genera in quotes are thought to be questionable generic
assignments (Wu et al. 2023).
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Figure 8. Habitat of Sinocamaena cheni Wu, gen. et sp. nov., Zhangjiadi, Yunhe County, Lishui.
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Abstract

The monotypic genus Ogdenia Peckham, 1908, is redefined based on the redescription
of the holotype of 0. mutilla (Peckham & Peckham, 1907), along with the newly
discovered male specimens and intraspecific variation from China, Malaysia, Singapore,
and Vietnam. Description, illustrations, and photographs are provided.

Key words: Chrysillini, Ogdenia mutilla, redescription, Southeast Asia

Introduction

In 1907, G.W. Peckham and E.G. Peckham established the monotypic genus
Rooseveltia with the type species Rooseveltia mutilla Peckham & Peckham,
1907, based on a single female holotype from Borneo, Kuching, Malaysia
(Peckham and Peckham 1907). Rooseveltia was later renamed Ogdenia due to
its homonymy with Rooseveltia Jordan & Evermann, 1906 in Pisces (Peckham
1908). With the absence of diagnostic illustration in the original description,
this genus long remained enigmatic until Prészynski (1984) provided
drawings for the epigyne and retromarginal tooth based on the holotype
of the type species. In addition, photographs of living females of O. mutilla
from Singapore and Malaysia (Johor and Sarawak) were recently provided in
"A Photographic Guide to Singapore Spiders" (Joseph et al. 2022). Although the
information about Ogdenia has been accumulated in past decades, the male of
this genus remained unknown.

Herein, we redescribe O. mutilla and provide photographs of the habitus and
epigyne of the holotype specimen. In addition, we document the male for the
first time. Furthermore, intraspecific variation based on specimens from China,
Malaysia, Singapore, and Vietnam is presented.
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Materials and methods

Specimens preserved in 75% or 95% ethanol were examined and measured
under a Leica M205A stereomicroscope. All measurements are in millimetres
using the associated Leica LAS v. 4.3 software. Photographs of living speci-
mens were captured using a Canon 80D camera equipped with a Laowa 100
mm f/2.8 macro 2x lens and a KR-888 flash, a Sony ILCE-7RM2 camera with a
Laowa 90 mm f/2.8 macro 2x lens and a KR-808 flash, and a Nikon D7200 cam-
era with an AF-S DX Macro Nikkor 40 mm f/2.8G lens and a KR-888 flash. Etha-
nol-immersed body and genitalia photos were taken by a Kuy Nice CCD camera
mounted on an Olympus BX53 microscope and then stacked by the Helicon
Focus v. 7 software. Final photographs were retouched in Adobe Photoshop
CC 2021. The male palp was macerated in clove oil to observe the trajectory of
the spermophor, while the female vulva was cleaned with pancreatin. The ho-
lotype specimen is preserved in the Museum of Comparative Zoology, Harvard
University, USA (MCZ); the examined specimens from China are preserved in
the Museum of Hebei University, Baoding, China (MHBU), those from Vietnam
are preserved at the Tay Nguyen University, Buon Ma Thuot, Vietnam (TNU),
and those from Singapore and Malaysia are preserved in the Beaty Biodiversity
Museum, University of British Columbia, Vancouver, Canada (UBCZ).
Abbreviations used: AG, accessory gland; ALE, anterior lateral eye; AME,
anterior median eye; BH, basal haematodocha; C, cymbium; CD, copulatory
duct; CO, copulatory opening; E, embolus; FD, fertilization duct; I1Z, Invertebrate
Zoology; PL, posterior tegular lobe; PLE, posterior lateral eye; PME, posterior
median eye; RTA, retrolateral tibial apophysis; S, spermatheca; SM, spermo-
phor; TB, tegular bump; XTBG, Xishuangbanna Tropical Botanical Garden.

Taxonomy

Genus Ogdenia Peckham, 1908

Rooseveltia Peckham & Peckham, 1907: 614; type species: Rooseveltia mutilla
Peckham & Peckham, 1907, by original designation and monotypy.
Ogdenia Peckham, 1908: 171 (generic replacement name).

Diagnosis. The genus closely resembles Siler Simon, 1889, but can be distin-
guished by: (1) the larger body size (6-10 mm); (2) the male femur | with only
sparse setae (Figs 4B, E, F, 50; femur | and tibia | covered with dense setae in
Siler); (3) the male palp with a blunt posterior tegular lobe (PL) (Figs 8B, C, 10A,
11E, 12D; PL longer and narrower in Siler); (4) the chelicerae with dense brown
setae on the front surface (Figs 1B, D, 5M, N, P Q, T, U, 6E, F, 7A, C, E; setae
sparse in Siler); (5) the presence of accessory glands (AGs) (Figs 9B—F, 10D,
11B, D; AG not observed in Siler).

Description. Medium-sized spiders (total length 6.51-8.00 in males,
7.98-10.00 in females). Body dark with pale yellow patches, covered with
dense scales (Figs 3A, B, 4A-L, 5A-D, 6A-D, 7B, D, F). Chelicerae with brown
setae on front surface (male also with sparse blue scales), with two promar-
ginal teeth and one retromarginal tooth (Figs 1C, D, 3C, 4B, E, F, H, 5P-U).
Femur | of male covered with short and sparse setae (Figs 4B, E, F, 50). Male
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palp (Figs 8A—F, 10A, B, 11E, 12C-E) with short embolus, palpal bulb with teg-
ular bump at lower right corner. Female epigyne large, copulatory ducts short
(Figs 9A-G, 10C, D, 11A-D, 12A, B).

Distribution. China (Yunnan), Malaysia (Borneo, Johor, and Sarawak),
Singapore (Bukit Timah Nature Reserve), Vietnam (Dak Lak).

Ogdenia mutilla (Peckham & Peckham, 1907)
Figs 1-12

Rooseveltia mutilla Peckham & Peckham, 1907: 614; Prészynski 1984: 125.
Ogdenia mutilla: Peckham, 1908: 171; Prészynski 2017: 129, fig. 56l.

Type material. Holotype: MALAYSIA * @; Borneo, Kuching; 1 Jan. 1897; R. Shel-
ford & Peckham leg.; MCZ: 1Z: 22236, examined.

Other material examined. CHINA — Yunnan Province * 733 299; Xishuang-
banna Dai Autonomous Prefecture, Mengla County, Menglun Town, XTBG;
21.9080°N, 101.2845°E, 669 m a.s.l.; 21 Apr. 2023; W. Wang & Z. Yang leg.; MH-
BU-ARA-00025193, 00025196, 00026514-00026517 + 19; same collection data
as for preceding; 21.9077°N, 101.2824°E, 677 m a.s.l.; 17 Dec. 2022; W. Wang, B.
Liu & Z. Yang leg.; MHBU-ARA-00025194 - 29 Q; same collection data as for pre-
ceding; 21.9108°N, 101.2833°E, 669 m a.s.l.; 2 Aug. 2021; J. Zhang, Y. My, K. Yu,
L. Zhang & W. Wang leg.; MHBU-ARA-00022704, 00022804 « 19; same collection
data as for preceding; 21.9092°N, 101.2805°E, 605 m a.s.l.; 12 Jul. 2018; C. Jin &
C. Zhang leg.; MHBU-ARA-00020807 + 143; Xishuangbanna Dai Autonomous Pre-
fecture, Mengla County, Wangtianshu scenic area; 21.6223°N, 101.5892°E, 700
m a.s.l.; 23 Apr. 2023; L. Wang & Q. Lu leg.; MHBU-ARA-00025195.

MALAYSIA — 1J; Johor, Gunung Belemut Forest, Lata Tengkorak; 2.0550°N,
103.5430°E, 250 m a.s.l.;16 Jun. 2019; W.P. Maddison, N.Il. Morehouse et al.
leg.; UBCZ.

SINGAPORE — 19; Bukit Timah Nature Reserve, South Jungle Falls Path; 1.3551°N,
103.7739°E, 150 m a.s.l.; 5 Jun. 2019; W.P. Maddison leg.; UBCZ - 1%; same col-
lection data as for preceding; 1.3550°N, 103.7740°E-1.3570°N, 103.7750°E, 150-
160 m a.s.l; 12-14 Jun. 2019; W.P. Maddison, N.I. Morehouse et al. leg.; UBCZ.

VIETNAM — Dak Lak Province * 14; Buon Don District, Yok Don National Park;
12.8641°N, 107.7961°E, 180 m a.s.l.; 24 Apr. 2022; Q.D. Hoang leg.; TNU * 19
Krong Bong District, Chu Yang Sin National Park; 12.4796°N, 108.3391°E, 430
m a.s.l.; 14 May 2022; Q.D. Hoang leg.; TNU.

Diagnosis. See the diagnosis of the genus.

Description. Male. Habitus as shown in Figs 3A-C, 4A-G, L, 5A, B, 6C, D, 7F).
Measurements (MHBU-ARA-00025193): carapace 3.27 long, 2.65 wide, abdo-
men 4.19 long, 2.39 wide; measurements of eyes: AME 0.55, ALE 0.31, PME
0.09, PLE 0.34; measurements of legs: | 10.52 (3.42, 1.30, 2.91, 1.80, 1.09), Il
6.92 (2.20,0.97,1.67,1.19,0.89), il 7.54 (2.18, 0.90, 1.60, 1.72, 1.14), IV 10.07
(3.07, 1.03, 2.36, 2.47, 1.14); leg formula 1432. Body black and pale yellow
except for blue carapace edge, covered with dense scales (Figs 3A-C, 4A-G, L,
5A, B, 6C, D, 7F). Chelicerae claybank color, with sparse blue scales (alive) and
relatively dense setae on front surface, with two promarginal and one retromar-
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Figure 1. Ogdenia mutilla (Peckham & Peckham, 1907), female holotype (©2024 W.P. Maddison) A habitus, dorsal view
B prosoma C, D chelicerae, front (D) and back (C) views E, F epigyne, ventral views.
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Figure 3. Living males of Ogdenia mutilla (Peckham & Peckham, 1907) from China (©2023 Q. Lu).
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Figure 4. Ogdenia mutilla (Peckham & Peckham, 1907) from China A-G, L living males H-K living females.

ginal tooth (Figs 5M, P—R, 6F, 7E). Femur | covered with short setae (Figs 4B, E,
F, 50). Number of teeth in each tarsal claw varied (Fig. 5E-L).

Palp (Figs 8A-F, 10A, B, 11E, 12C~E): embolus short; cymbium yellow, longer
than wide; retrolateral tibia apophysis around one-third of bulb length; palpal
bulb like wax apple, with tegular bump at lower right corner.

Female. Habitus as shown in Figs 1A, 4H-K, 5C, D, 6A, B, 7B, D. Measure-
ments (MHBU-ARA-00025194): carapace 3.45 long, 2.81 wide; abdomen 4.70
long, 3.04 wide; measurements of eyes: AME 0.58, ALE 0.35, PME 0.10, PLE
0.30; measurements of legs: | 8.11 (2.54, 0.96, 2.15, 1.47, 0.99), Il 6.72 (2.18,
0.84,1.62,1.20, 0.88), Il 7.71 (2.27, 0.94, 1.67, 1.87, 0.96), IV 10.5 (3.15, 0.91,
2.52,2.87,1.05); leg formula 4132. Body form and color pattern same as male,
but without short setae on femur I. Chelicerae lacking blue scales, with slightly
different shapes of teeth from males (Figs 1C, D, 4H, 5S-U, 6E, 7A, C).
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Figure 5. Ogdenia mutilla (Peckham & Peckham, 1907), male (A, B, E-M, 0-R) and female (C, D, N, S-U) from China
A-D habitus, dorsal (A, C) and lateral (B, D) views E-L claws | (G, J), Il (H, K), Ill (I, L), IV (E, F), prolateral (F-I) and ret-
rolateral (E, J-L) views M, N prosomas O left leg |, front view P, Q, T, U chelicerae, front (P, T) and prolateral (Q, U) views
R, S teeth of chelicerae, back views.
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Figure 6. Ogdenia mutilla (Peckham & Peckham, 1907), male (C, D, F) and female (A, B, E) from Vietnam (©2023 Q.D.
Hoang) A-D habitus, dorsal (A, C) and lateral (B, D) views E, F prosomas.

Epigyne (Figs 1E, F, 9A-G, 10C, D, 1T1A-D, 12A, B): copulatory openings elon-
gate like curved butterfly antennae; copulatory ducts short; fertilization ducts
at anterior of spermathecae; accessory glands small, located close to the junc-
tion between spermathecae and copulatory ducts.

Variation. The transition from the base of the embolus to the tegulum is
smoother in some specimens (Figs 8B, 11E), but has an obvious junction in oth-
ers (Figs 8C, 10A). For the females, differences in the size of accessory glands,
the shape of spermathecae, copulatory openings and middle rim of epigyne are
observed among different individuals (Figs 1E, F, 9A-E, 10C, D, 1T1A-D, 12A, B).
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F

Figure 7. Ogdenia mutilla (Peckham & Peckham, 1907), male (E, F) and female (A-D) from Singapore (A-D) and Malaysia
(E, F) (©2024 W.P. Maddison) A, C, E prosomas B, D, F habitus, dorsal views.

ZooKeys 1202: 155-168 (2024), DOI: 10.3897/z0okeys.1202.124199 163



Zhiyong Yang et al.: Redescription of Ogdenia

Figure 8. Ogdenia mutilla (Peckham & Peckham, 1907) from China A-C, E, F male left palp, prolateral (A), ventral
(B, C), pro-ventral (E) and retrolateral (F) views D spermophor, ventral view B, C showing the intraspecific variation of

the male palp.
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Figure 9. Ogdenia mutilla (Peckham & Peckham, 1907) from China. A epigyne, ventral view B—G vulvae, dorsal (B-E),
front (G) and back (F) views C~E showing the intraspecific variation of the detailed structures of the vulvae.

Natural history. Specimens were discovered on the surface of leaf litter or in
shrubs within tropical forests (Fig. 2A-D), moving actively and quickly. These
specimens were collected during relatively dry seasons, and the subsequent
lab observations showed that they may not prefer highly humid environments.
While the original description of 0. mutilla suggested that the species mimics
Mutilla Linnaeus, 1758, a genus of parasitoid wasps (Peckham and Peckham
1907), our field observations indicated that 0. mutilla possibly mimics large
sympatric ants, similar to the imperfect ant-mimicry phenomenon reported in
some species of Siler (Zeng et al. 2023).

Distribution. China, Malaysia, Singapore, and Vietnam.
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Figure 10. Ogdenia mutilla (Peckham & Peckham, 1907) from Vietnam (©2023 Q.D. Hoang) A, B male left palp, ventral
(A) and retrolateral (B) views C epigyne, ventral view D vulva, dorsal view.
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Figure 11. Ogdenia mutilla (Peckham & Peckham, 1907) from Singapore (A-D) and Malaysia (E) (©2024 W.P. Maddison)
A, C epigynes, ventral views B, D vulvae, dorsal views E male left palp, ventral view.
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Figure 12. Ogdenia mutilla (Peckham & Peckham, 1907) from China A epigyne, ventral view B vulva, dorsal view C-E male
left palp, prolateral (C), ventral (D) and retrolateral (E) views.
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Abstract

Leptogenys is the most diverse genus of the ant subfamily Ponerinae and is widely
distributed across the world's tropical and subtropical regions. More than 40 species
are known from the Oriental realm displaying a wide range of ecologies, although their
life history traits remain poorly understood, and new species are frequently discovered.
Here, a faunal review of the genus from Hong Kong SAR, southern China is provided. A
total of nine species are recorded, with one new species, Leptogenys grohli Hamer, Lee
& Guénard, sp. nov. described. Ecological and biogeographic information, including new
information on reproductive modes for two species are provided with the ergatoids of L.
binghamii Forel, 1900 and L. rufida Zhou et al., 2012 described. Additional records for five
of these species within the neighbouring province of Guangdong are also provided. Final-
ly, an illustrated key to species known from Hong Kong is presented, as well as notes on
each species’ distribution, ecology, and behaviour. An updated provincial distributional
checklist of the Leptogenys species of Mainland China and Taiwan is also supplied.

Key words: Ants, Foo Fighters, Hymenoptera, taxonomy

Introduction

The antgenus Leptogenys is currently recognised as the most diverse genus within
Ponerinae, comprising 318 species and 14 subspecies (Bolton 2023). The genus
is pantropically distributed, with its greatest diversity encountered within tropical
regions, and a limited number of species extending to higher latitudes into warm
temperature regions (Janicki et al. 2016; Guénard et al. 2017). Based on a molec-
ular phylogenetic study (Schmidt 2013), the genus is hypothesised to have an Old
World origin and to confirm this, a broader understanding of its taxonomic and
ecological diversity is paramount. Leptogenys species are highly predatory, with
epigaeic and leaf-litter foragers that predominantly hunt upon isopods, diplopods,
earthworms, termites, earwigs, and other leaf litter invertebrates (Maschwitz et al.
1979; Steghaus-Kovac and Maschwitz 1993, Dejean and Evraerts 1997; Schmidt
and Shattuck 2014; Peeters and De Greef 2015; Mizuno et al. 2022). Predatory
behaviours range from solitarily foraging, to mass raiding reminiscent of doryline
army ants, with a continuum of foraging and recruitment modes between both
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extremes (Maschwitz et al. 1989; Duncan and Crewe 1994; Janssen et al. 1997,
Schmidt and Shattuck 2014; Mizuno et al. 2022). Nests are often ephemeral and
typically found within soil, dead wood, or leaf litter, with the whole colony mov-
ing to new nest sites frequently (Maschwitz and Miihlenberg 1975; Schmidt and
Shattuck 2014), with species of the processionalis group even forming temporary
bivouacs (Maschwitz et al. 1989). Colonies are often queenless, with reproductive
functions performed by ergatoid individuals, and with some species reproducing
via a gamergate system (Peeters 1991; Ito 1997; Schmidt and Shattuck 2014).
The high species diversity, wide variety of life histories, including varying forms
of predation, foraging and reproduction, make Leptogenys an ideal taxon for the
study of evolution, and behavioural ecology (Dejean and Evraerts 1997).

Leptogenys has seen several regional taxonomic treatments in the last few
decades, particularly from Asia where Xu and He (2015) provided a revision of
the Oriental species and a preliminary regional key. Subsequent work has been
produced by Zryanin (2016), Arimoto (2017), Wachkoo et al. (2018), Arimoto
and Yamane (2018) for select Oriental species and for species such as the
L. chalybaea and L. modiglianii species groups. Numerous species across the
Oriental realm, however, remain undescribed (Arimoto 2017; AntWeb 2024),
and many regions remain woefully under-sampled and/or lacking contempo-
rary taxonomic revisions. In China specifically, most of the taxonomic studies
for the genus are geographically restricted to a few provinces (e.g., Zhou 2001
and Zhou et al. 2012 for Guangxi, Xu 2000 for Yunnan, and Chen et al. 2024 for
Hainan) with the vast majority of regions and provinces of China still lacking
local taxonomic revisions for this genus.

Here we review the Leptogenys of Hong Kong SAR, one of the most densely
populated regions of 6,700 people per square kilometre. Hong Kong, though highly
urbanised, comprises surprisingly high biodiversity, including many newly record-
ed and newly described ant species following intensive sampling from early 90s
to the present day (Fellowes 1996; Luo and Guénard 2016; Pierce et al. 2019; Tang
et al. 2019; Brassard et al. 2020; Wong and Guénard 2021; Hamer et al. 20233,
Hamer et al. 2023b; Silva et al. 2023; Tang and Guénard 2023). Here, a total of nine
Leptogenys species are recorded from Hong Kong including four newly recorded
species, and one new species to science, Leptogenys grohli sp. nov. Along with the
taxonomic accounts, we provide high resolution images, an illustrated dichoto-
mous identification key, and discussions on the morphology as well as the ecology
for all species known from Hong Kong. Ergatoid queens of L. binghamii and L.
rufida are also described. Records for five of the overall nine species occurring in
Hong Kong are provided for the neighbouring Chinese province Guangdong.

Materials and methods
Sampling

Most sample collections were performed using leaf litter sampling through
Winkler extractors by Dr. John Fellowes between 1993-2002 and members
of the Insect Biodiversity and Biogeography Laboratory (IBBL, HKU) between
2014-2023 in Hong Kong. Other sampling methods were conducted during the
same periods, including pitfall trapping, baiting and hand collection comprising
of nesting locations and general forager collections.
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Measurements and images

Here we use the core set of linear measurements and indexes broadly used
in ant taxonomic studies, as well as specialised measurements suggested by
Arimoto and Yamane (2018) (Fig. 1). The lengths of the pedicel (All) and the
first two flagellar segments (AFI-AFII) are also included here. Measurements
for all specimens as well as specimen images were gathered using a DMC5400
Camera attached to a Leica M205C Stereomicroscope and processed in Leica
Application Suite (LASX). Based on scaled micrometre calibration, measure-
ments are accurate to 0.01 mm. Image artefacts were removed in Adobe Pho-
toshop with plates produced in Adobe InDesign. Illustrations were made using
high-resolution images as base for tracing in Adobe lllustrator.

Linear measurements and indices abbreviations

HL Head length: the length of head from the anteriormost point of the
clypeal lobe to the posteriormost point of the head capsule, measured
in full face view.

HLL Lateral head margin length: length of head from mandibular base to
posteriormost margin of head capsule, measured in full face view.

HLA Anterior head length: length of head from mandibular base to anterior-
most point of eye, measured in full face view.

CML Clypeal median lobe length: length of the clypeal lobe from anterior-
most margin to the anterior margin of the torulus, measured in full

face view.

HW Head width: maximum width of head, excluding eyes, measured in full
face view.

SL Scape length: diagonal length of scape excluding the neck and basal
condyle.

All Antennal segment Il length: maximum length of pedicel (antennal seg-
ment 1), measured in dorsal view.

AFI Antennal flagellomere | length: maximum length first flagellar seg-
ment, measured in dorsal view.

AFII Antennal flagellomere Il length: maximum length of second flagellar
segment, measured in dorsal view.

EL Eye length: the maximum diameter of the compound eye in lateral
view.

ML Mandibular length: length of mandible from base to apex, measured in
full face view.

PrL Pronotal length: diagonal length of pronotum measured from anterior-

most point of pronotum (excluding neck), to posteriormost margin,
measured in lateral view.

PrH Pronotal height: height of pronotum from the posterior base of the
pronotum to the highest point of pronotum dorsum, measured in later-
al view.

Prw Pronotal width: maximum width of pronotum, measured in dorsal view.

WL Weber’s length: diagonal length of mesosoma from anteriormost

point of pronotum (excluding neck) to posteriormost point of propo-
deal lobe, measured in lateral view.
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PeL

PeH

PeW
DpelL

Ci
CLI
SI
Ol
LPI
DPI

Petiole length: length of petiole from the anteriormost point of the pet-
iole (including petiole peduncle) to the posteriormost point, measured
in lateral view.

Petiole height: height of petiole from the most ventral margin of the
subpetiolar process to the highest point of petiolar dorsal margin,
measured in lateral view.

Petiole width: maximum width of petiole in dorsal view.

Dorsal petiole length: length of petiole in dorsal view, from anterior-
most point of the petiole (including peduncle) to the posteriormost
point, measured in dorsal view.

Cephalic index: HW / HL x 100

Clypeus index: CML / HL x 100

Scape index: SL / HW x 100

Ocular index: EL / HLL x 100

Lateral petiole index: PeH / PeL x 100

Dorsal petiole index: PeW / DpeL x 100

Depository institution abbreviations

HKBM
IBBL

SKYC

ZRC

Hong Kong Biodiversity Museum, University of Hong Kong.

Insect Biodiversity and Biogeography Laboratory, The University of
Hong Kong.

Seiki Yamane Collection, Kitakyushu Museum of Natural History and
Human History, Kitakyushu, Fukuoka, Japan

Zoological Reference Collection, Lee Kong Chian Natural History Mu-
seum, Singapore.

HLL

CML

- nﬂll

Figure 1. Schematic diagram of the linear measurements used within this study A head measurements B eye diameter
C lateral mesosomal and petiole measurements D dorsal mesosomal and petiole measurements.

ZooKeys 1202: 169-211 (2024), DOI: 10.3897/z0okeys. 1202.120214 172



Matthew T. Hamer et al.: The ant genus Leptogenys is reviewed for Hong Kong

Results
Key to Leptogenys workers of Hong Kong SAR

1 Anterior clypeal margin terminating in a narrowly convex point (Fig. 2A)...2
-  Anterior clypeal margin terminating in a distinct truncation (Fig. 2B)....... 4

Figure 2. Differing anterior clypeal shapes A Leptogenys rufida (RHL1259) B L. kraepelini
(ANTWEB1010120).

2 Pedicel as long as flagellomere | (All 0.17-0.19; AFI1 0.13-0.15) (Fig. 3A);
in lateral view, petiole subquadrate, as long as high (LPI 82.61-114.29)
(Fig. BC) ittt Leptogenys rufida

- Flagellomere | considerably longer than pedicel (All 0.17-0.24; AFI1 0.31-
0.39) (Fig. 3B); in lateral view, petiolar node triangular, either longer than
high or as long as high (LP1 74.93-97.24) (Fig. 3D) ...ceceoeevvieiieieeeieiene 3

Figure 3. Differences between antennal segment lengths and petiolar shapes A Lep-
togenys rufida (MBS006585) B L. peuqueti (ANTWEB10096169) C Leptogenys rufida
(MBS015251) D L. peuqueti (RHL003347).
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In full-face view, head lateral margin convex; head dorsum predominantly
smooth, with very sparse punctation; eye larger (EL 0.29-0.37).................
....................................................................................... Leptogenys peuqueti
In full-face view, head lateral margin straight to weakly tapering posterior-
ly; head dorsum densely punctate; eye smaller (EL 0.22-0.27)...................
.............................................................................. Leptogenys grohli sp. nov.
Masticatory margin of mandible with 3-5 teeth (Fig. 4A); head dorsum

smooth, with sparse hair bearing punctures only .......... Leptogenys strena
Masticatory margin of mandible edentate, or with a single tooth (Fig. 4B);
head dorsum sculpture varying, not as above...........cccccoeevivieieieieienen, 5

Figure 4. Mandibular masticatory margin differences A Leptogenys strena (ANT-
WEB1010114) B L. diminuta (GYOT070).

5

Lateral clypeal margin with conspicuous angulate lobes (Fig. 5A); first and
second gastral tergites densely sculptured throughout (Fig. 5C)................
..................................................................................... Leptogenys binghamii
Lateral clypeal margin lacking conspicuous angulate lobes (Fig. 5B); first
and second gastral tergites smooth and shiny (Fig. 5D)........cccccevvnnnne. 6

Figure 5. Clypeus lobes of Leptogenys binghamii and L. diminuta, as well as tergite
sculpture differences between the same species A L. binghamii (RHL01659) B L. diminu-
ta (GYOTO070) C L. binghamii (ANTWEB1010113) D L. diminuta (ANTWEB1010183).
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Petiole almost as long as high in lateral view (LP1 89.2-99.35); dorsal mar-
gin with a distinct anterior to posterior curvature (Fig. 6A).......c.cccccevvnee..
..................................................................................... Leptogenys kraepelini
Petiole as high as long or higher than long in lateral view (LPI 107.12-
158.96); dorsal margin flat, lacking conspicuous anterior to posterior cur-
VatUre (Fig. BB) c.ovivieeeiicieeiieeeeeeet ettt 7

Figure 6. Contrasting petiole shapes between L. kraepelini and L. diminuta A L. kraepelini
(ANTWEB1010121) B L. diminuta (ANTWEB1010183).

7

Head dorsum smooth, other than hair bearing punctation; clypeus with
a conspicuous median longitudinal carina (Fig. 7A); pronotum entirely
SMOOT ..o Leptogenys laeviterga
Head dorsum with longitudinal costulae; clypeus either entirely lacking
median carina or with a weakly produced, inconspicuous carina (Fig. 7B);
pronotum variably sculptured.............cccoooiiiiiiiiiiii 8

Figure 7. Clypeus differences between Leptogenys laeviterga and L. kitteli A L. laeviterga
(ANTWEB1010142) B L. kitteli (RHL02795).

Sides of pronotum smooth, finely rugulose or finely reticulate (Fig. 8A);
masticatory margin with a single tooth; generally a smaller species (WL
2.3372.53) i Leptogenys diminuta
Sides of pronotum longitudinally striate (Fig. 8B); masticatory margin
without teeth; generally a larger species (WL 2.64-2.87) .......ccccccoeveveurnnnn.n.
............................................................................................ Leptogenys kitteli
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Figure 8. Diverging mesosomal sculpture between L. diminuta and L. kitteli A L. diminuta
(ANTWEB1010183) B L. kitteli (PFL1T2W5-1).

Taxonomic accounts

Leptogenys binghamii Forel, 1900
Figs 5A, C, 9, 20A

Leptogenys (Lobopelta) binghamii Forel, 1900f: 310 (w.) Myanmar.
Lobopelta binghamii: Bingham 1903: 58.
Leptogenys (Lobopelta) binghamii: Emery 1911e: 102.

Ergatoid description. With characters of worker but head as wide anteriorly as
posteriorly; pronotum wider than remaining mesosoma in dorsal view; meso-
soma stout and robust, less elongated as worker; petiole nodiform, distinctly
higher than long in lateral view; about as wide as long in dorsal view. Metaso-
mal segments IlI-VIl enlarged, segment Il distinctly wider than petiole. Same
colour as the worker.

Measurements. Worker (n = 14); HL 1.66-1.84; HLL 1.31-1.47; HLA 0.24-
0.3;HW1.18-1.33;CML 0.31-0.39; SL 1.94-2.13; Al 0.21-0.33; AFI1 0.43-0.51;
AFIl 0.37-0.41; EL 0.31-0.36; ML 0.84-1.03; PrL 1.04-1.25; PrH 0.77-1.13;
Prw 1.04-1.2; WL 2.76-3.1; PeL 0.8-1.04; PeH 0.95-1.18; PeW 0.77-0.92;
DPL 0.87-0.95; C1 69.36-74.97; CLI 17.58-22.49; S| 156.26-166.48; 01 21.98—
26.37; LPI 104.64—124.38; DP1 84.67-98.51.

Ergatoid paratype (n = 1): HL 1.67; HLL 1.29; HLA 0.31; HW 1.25; CML 0.39;
SL 1.77; All 0.23; AF1 0.39; AFII 0.31; EL 0.34; ML 0.96; PrL 1.03; PrH 0.76; Prw
1.04; WL 2.56; PeL 0.75; PeH 1.06; PeW 0.62; DPL 0.83; ClI 74.7; CLI 23.33; SI
141.31; 01 26.49; LPI 142.49; DP1 73.98.

Morphological variation. Little to no variation, other than morphometric val-
ues, were detected in the specimens examined from Hong Kong.

Comparative notes. Leptogenys binghamii is a relatively large, highly sculp-
tured species, with distinctly linear mandibles, small anteriorly positioned eyes
and highly angulated lateral clypeal lobes which makes it recognisable within
the Leptogenys found in Hong Kong. Within the wider Leptogenys fauna of the
Indomalayan region, L. binghamii might be mistaken for L. punctiventris (Mayr,
1879) and L. yandii (Xu & He, 2015). Leptogenys binghamii is distinguishable
from L. yandii by antennal flagellomere | longer than antennal flagellomere |,
the longer scape, and larger overall size (5.2-5.7 vs 9-10 mm total length for
L. yandii and L. binghamii, respectively; Xu and He 2015). Leptogenys binghamii
can be differentiated from L. punctiventris by the smaller eyes, the first gastral
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Figure 9. Leptogenys binghamii (ANTWEB1010110) and ergatoid (ANTWEB1010225) A worker in lateral view B worker in
dorsal view C worker in head in full face view D ergatoid in lateral view E ergatoid in lateral view and F ergatoid in dorsal view.

tergite being highly punctate, lacking any smooth and shiny regions as well as
total size (5-6 vs 9-10 mm total size for L. punctiventris and L. binghamii, re-
spectively; Xu and He 2015). Both L. punctiventris and L. yandii are not recorded
from Hong Kong. With these species presenting more meridional and occiden-
tal distributions within Asia, respectively.

Distribution. This species is known from Myanmar (type locality), India (As-
sam and Meghalaya), China (Guangxi, Yunnan, and Hong Kong), and Vietnam
(Janicki et al. 2016; Guénard et al. 2017). There are no records from Guang-
dong, Hainan, or Macao, but its presence is expected in the first two Chinese
provinces with more sampling efforts. Its presence in Macao is less likely due
to the level of urbanisation and isolation of natural areas for this species to oc-
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cur. The first record of L. binghamii in Hong Kong was Fellowes (1996), here we
provide additional new records across the eastern limits of its range.

Ecology. In Hong Kong, colonies have been found within decaying wood and
underneath stones, predominantly within Feng Shui Woods, secondary forests
and shrubland. Colonies appear relatively small, with one partial colony col-
lection including 23 workers, 1 male, 5 cocoons, 4 larvae, and 2 eggs (MTH
collection code MTH163). One ergatoid queen was extracted from a partial col-
ony collection (MTH268). Specimens are known from pitfall traps, leaf litter,
and hand collection events. This species is suspected to be a solitary foraging
species, with no group hunting yet observed. However, unless nesting sites are
located, L. binghamii is rarely observed diurnally and is therefore suspected to
be predominately a nocturnal foraging species. A second colony, kept in cap-
tive colony consisted of 24 workers and one ergatoid queen. Workers fed upon
isopod prey and showed no interest in cockroaches, millipedes, and termites. In
Hong Kong, the species reaches the northern limit of its distribution range with
all records found under 500 m a.s.l.. Further sampling is nonetheless required
to confirm if the species can colonize higher and cooler elevations.

Material examined. Worker (n = 52): CHINA -+ 1 worker; Hong Kong SAR, Ng
Fai Tong, East Central New Territories; 23 Aug. 1996; J.R.Fellowes leg.; HKBM
MBS015249. - 3 workers; Hong Kong SAR, Pak Ngau Shek; 24 Oct. 1996; J.R.Fel-
lowes leg.; HKBM MBS006888, MBS015265, MBS06604. - 1 worker; Hong Kong
SAR, Yau Ping San UK, East Central NT; 3 Oct. 1996; J.R.Fellowes leg.; HKBM
MBS015263. + 2 workers; Hong Kong SAR, Kadoorie Farm Botanical Garden;
22.4302, 114.1192; 280 m a.s.l.; 14 Sep. 2015; R.H.Lee leg.; Secondary forest,
Pitfall trap; IBBL RHL02700 RHL02717. « 1 worker; Hong Kong SAR, Lion Rock;
22.35805,114.17699; 150 m a.s.l.; 13 Jul. 2015; R.H.Lee leg.; Secondary forest,
Pitfall trap; IBBL RHL01659. « 1 worker; Hong Kong SAR, Pak Tam Chung; 22.401,
114.33; 130 m a.s.l;; 5 Jun. 2015; R.H.Lee leg.; Shrubland, Pitfall trap; IBBL
RHL02373. « 1 worker; Hong Kong SAR, Shing Mun; 22.39678, 114.1531; 240 m
a.s.l.; 14 May. 2015; R.H.Lee leg.; Feng Shui Forest, Pitfall trap; IBBL RHL0O00350.
+ 1 worker; Hong Kong SAR, Pok Fu Lam; 22.267, 114.1438; 248 m a.s.l.; 7 Jul.
2016; M.Pierce leg.; Secondary forest, Bait trap; IBBLANTWEB1009150. « T work-
er; Hong Kong SAR, Lion Rock; 22.357, 114.17504; 140 m a.s.l.; 15 Aug. 2017,
R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHLO3531A. « 1 worker; Hong
Kong SAR, Tai Po Kau; 22.42285, 114.18082; 200 m a.s.l.; 6 Jun. 2017; R.H.Lee
leg.; Secondary forest, Pitfall trap; IBBL RHL03550. * 4 workers; Hong Kong SAR,
Ngong Ping SSSI; 22.25364, 113.90129; 438 m a.s.l.; 24 May. 2022; M.T.Ham-
er leg.; Secondary forest, Nest ex. Decay wood; IBBL ANTWEB1010110, AN-
TWEB1010111, ANTWEB1010112, ANTWEB1010113. « 1 worker; Hong Kong
SAR, Tai Mo Shan; 22.40549, 114.16352; 468 m a.s.l.; 19 May. 2023; L.Xuan
leg.; Secondary forest, Hand collection; IBBL ANTWEB1010125. « 5 workers;
Hong Kong SAR, Tai Mo Shan; 22.40403, 114.1069; 471 m a.s.l.; 26 Aug. 2023;
M.T.Hamer leg.; Secondary forest, un. Rock; IBBL MTH163. « 5 workers; Hong
Kong SAR, Lantau; 22.31701, 114.0173; 179 m a.s.l.; 29 Aug. 2023; M.T.Hamer
leg.; Young secondary, ex. Decaying log; IBBL MTH221. « 1 worker; Hong Kong
SAR, Lantau; 22.31701, 114.01733; 179 m a.s.l.; 29 Aug. 2023; M.T.Hamer leg;
Young secondary forest, Nest ex. Decay log; IBBL ANTWEB1010173. * 12 work-
ers; Hong Kong SAR, Tai Mo Shan; 22.40452, 114.10645; 490 m a.s.l.; 27 Sep.
2023; M.T.Hamer leg.; Secondary forest, ex. Soil; IBBL MTH563. « 1 worker;
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Hong Kong SAR, Tai Mo Shan; 22.40549, 114.16352; 468 m a.s.l.; 19 May. 2023;
L.Xuan leg.; Secondary forest, Hand collection; IBBL ANTWEB1010125.

Paratype ergatoid (n = 1): CHINA - 1 ergatoid; Hong Kong SAR, Tai Mo Shan;
22.40403,114.10691; 470 m a.s.l.; 3 Sep. 2023; M.T.Hamer leg.; secondary for-
est, ex. Decaying log; IBBL ANTWEB1010225.

Leptogenys diminuta (F. Smith, 1857)
Figs 4B. 5B, D. 6B, 8A, 10, 20B

Ponera diminuta Smith, 1857a: 69 (w.) BORNEO (East Malaysia: Sarawak).

Lobopelta diminuta: Mayr 1862: 734.

Leptogenys diminuta: Emery 1895: 461.

Leptogenys diminuta bismarckensis [senior synonym] Forel, 1901c: 7 (w.) NEw
GUINEA: Wilson 1958c: 118; Bolton 1995b: 231; Zhou 2001a: 43. Of Leptog-
enys diminuta deceptrix Forel, 1901m: 46 (w.): Xu and He 2015: 138. Of Lep-
togenys ferox Smith, 1865a: 70 (w.) INDONESIA: Wilson 1958¢: 118; Bolton
1995b: 231; Zhou 2001a: 43. Of Leptogenys hodgsoni Forel, 1900f: 308 (w.)
MYANMAR: Xu and He 2015: 144. Of Leptogenys diminuta palliseri Forel, 1900f:
307 (w.m.) INDIA: Xu and He 2015: 138. Of Leptogenys diminuta santschii
Mann, 1919: 299 (w.eq.m.) SOLOMON Is: Wilson 1958c: 118; Bolton 1995b:
231; Zhou 2001a: 43. Of Leptogenys diminuta sarasinorum Forel, 1900f: 307
(w.) SRI LANKA: Xu and He 2015: 138. Of Leptogenys simillima Smith, 1860b:
104 (w.) INDONESIA: Roger 1863b: 19; Mayr 1863a: 428; Bolton 1995b: 231;
Zhou 20017a: 43. Of Leptogenys diminuta stitzi Viehmeyer, 1934c: 310: Wil-
son 1958c: 118; Bolton 1995b: 231; Zhou 2001a: 43. Of Leptogenys diminuta
striatula Emery, 1895m: 461 (w.) MYANMAR: Xu and He 2015: 138. Of Lep-
togenys diminuta woodmasoni Forel, 1886d: 246 (w.) INDIA: Xu and He 2015:
138. of Leptogenys diminuta yarrabahna Forel 1915b: 29 (w.m.) AUSTRALIA:
Taylor 1988: 34; Bolton 1995b: 231; Zhou 2001a: 43.

Measurements. Worker (n = 10): HL 1.53-1.62; HLL 1.15-1.33; HLA 0.34-0.39;
HW 1.09-1.17;, CML 0.36-0.41; SL 1.56—1.72; All 0.22-0.225; AFI1 0.29-0.34;
AFI10.23-0.32; EL 0.3-0.36; ML 0.67-0.83; PrL 0.85-0.99; PrH 0.57-0.72; PrW
0.81-0.89; WL 2.32-2.53; PeL 0.49-0.66; PeH 0.65-0.73; PeW 0.4-0.48; DPL
0.42-0.5;C170.01-74.19; CLI 23.53-26.32; SI 137.99-155.25; 01 24.21-27.27,
LPI 107.12-135.85; DPI1 84.24-103.9.

Ergatoid (n = 1): HL 1.59; HLL 1.29; HLA 0.39; HW 1.18; CML 0.43; SL 1.63;
All 0.25; AF1 0.32; AFII 0.24; EL 0.34; ML 0.83; PrL 0.94; PrH 0.66; PrW 0.89; WL
2.61; PeL 0.56; PeH 0.7; PeW 0.47; DPL 0.47; Cl 74.15; CLI 26.66; S| 137.82; Ol
26.43; LP1 124.73; DP1 99.57.

Morphological variation. Studied specimens showed clear variation in dor-
sal head sculpturing, with the shape of concentric costulae medially ranging
from broadly curved to angulate, and the regularity of costulae varying subtly
among specimens. Additionally, we observed the presence of smooth patches
in the middle of the head, with varying sizes among certain specimens; when
present, these patches were between the concentric costulae. The dorsal mar-
gin of the node is completely foveate in most specimens, but fine costulae
was observed in the ventral margin of the petiole of one specimen. Fine and
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Figure 10. Leptogenys diminuta worker (ANTWEB1010183) and L. diminuta ergatoid (ANTWEB1010180) A worker spec-
imen in lateral view B worker specimen in dorsal view C worker specimen in full face view D ergatoid in lateral view E er-
gatoid in lateral view and F ergatoid in dorsal view.

faint costulae was also observed on the metapleuron of one specimen, con-
trary to the general pattern of rugulose sculpture found in other specimens of L.
diminuta. Leptogenys diminuta is known to be a highly morphologically variable
species, both on a wider geographical scope, as well as within Hong Kong. This
is also reflected through the complex taxonomic history of this species and
the numerous associated subspecies, either considered as valid or synonyms.
Given such morphological diversity, L. diminuta is likely a species complex with
numerous cryptic species found across its distribution (Wilson 1958).
Comparative notes. Leptogenys diminuta resembles and is frequently con-
fused with L. kitteli. However, L. diminuta can be readily separated from L. kitteli
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in Hong Kong based upon the often smooth to finely reticulate pronotum, the
presence of a single tooth on the mandibular masticatory margin, as well as its
much smaller size relative to L. kitteli.

Distribution. A very wide ranging species, or species complex, known from
numerous regions across Asia and Oceania, including the Australasian region
(Australia, New Guinea, Solomon Islands), the Indomalayan region (Bangla-
desh, Borneo, mainland China [Guangdong (additional records provided here),
Fujian, Hainan, Guangxi, Hunan, Hong Kong], India, Indonesia, Lanka, Laos, Ma-
laysia, Myanmar, Nepal, Philippines, Singapore, Sri Lanka, Taiwan, Thailand, and
Vietnam), as well as the Palaearctic region [part of southwestern China (Sich-
uan)] (Wilson 1958; Bakhtiar and Chiang 2010;; Xu and He 2015; Bharti et al.
2016 Janicki et al. 2016; Guénard et al. 2017). The absence of this species from
various countries and provinces (e.g., Cambodia and Guizhou, China) likely re-
flects lack of sampling efforts.

Ecology. Leptogenys diminuta is a group-hunting species, forming long col-
umns of workers that move through their habitat in search of prey. Colonies
are moderately populous with 200-400 individuals per nest and move nesting
locations throughout the year (Ito 1997). Nest locations in Hong Kong have
included rotting logs, underneath rocks and within leaf litter. The species has
ergatoids (Fig. 10D-E) and likely disperses through colonial budding (Ito 1997;
Ito and Ohkawara 2000). Records are predominantly known from young to old
growth secondary forests, and similar to L. peuqueti, it is one of the most fre-
quently encountered Leptogenys in Hong Kong.

Material examined. Workers (n = 67): CHINA + 1 worker; Hong Kong SAR, Sun-
set Peak; 25 Jul. 1992; J.R.Fellowes leg.; IBBL MBS006900. + 3 worker; Hong
Kong SAR, Kadoorie Farm; 10 Aug. 1996; J.R.Fellowes leg.; IBBL MBS006880,
MBS006881, MBS006882. « 1 worker; Hong Kong SAR, Lantau, Tei Tong Tsai;
5 Nov. 1996; J.R.Fellowes leg.; HKBM MBS015302. « 3 workers; Guangdong
Prov., Gu Tian; 10 Apr. 1997; J.R.Fellowes leg.; HKBM MBS006883, MBS006884,
MBS006885. « 2 workers; Hong Kong SAR, The Peak; 27 Jun. 1999; SK.Yamane
leg.; SKYC ANTWEB1010191, ANTWEB1010192. - 1 worker; Hong Kong SAR, Vic-
toria Park; 27 Jun. 1999; SK.Yamane leg.; SKYC MBS006607. + 1 worker; Hong
Kong SAR, Kadoorie Farm Botanical Garden; 6 Sep. 1999; J.R.Fellowes leg.;
HKBM MBS015275. « 1 worker; Hong Kong SAR, Kadoorie Farm Botanical Gar-
den; 448-480 m a.s.l; 21 Sep. 1999; J.R.Fellowes leg.; HKBM MBS015282. « 1
worker; Hong Kong SAR, The Peak; 10 Sep. 2000; SK.Yamane leg.; SKYC ANT-
WEB1010193, ANTWEB1010195, ANTWEB1010196, ANTWEB1010197. « 1 work-
er; Hong Kong SAR, Kadoorie Farm Botanical Garden; 22.42947, 114.12145; 350
m a.s.l; 3 Jul. 2011; P.S.Ward leg.; Secondary forest, Hand collection; IBBL AN-
TWEB1010181. * 1 worker; Hong Kong SAR, Lin Fa Shan; 22.39963, 114.09654;
423 m a.s.l; 18 Jul. 2015; T.Tsang leg.; Winkler leaf litter Ex; IBBL TT01320. * 1
worker; Hong Kong SAR, Tai Lam; 22.3952,114.09072; 440 m a.s.l.; 26 Oct. 2015;
R.H.Lee leg.; Shrubland, Hand collection; IBBL RHL01371. « 1 worker; Hong Kong
SAR, Ng Tong Chai; 22.42415,114.13185; 420 m a.s.l,; 26 Jun. 2016; R.H.Lee leg.;
Secondary forest, Hand collection; IBBL RHL02822. « 1 worker; Hong Kong SAR,
Lung Fu Shan; 22.2758, 114.13546; 260 m a.s.l.; 30 Jun. 2016; R.H.Lee leg.; Sec-
ondary forest, Hand collection; IBBL RHL-SIA-008. « 1 worker; Hong Kong SAR,
Clear Water Bay; 22.2918, 114.30208; 114 m a.s.l.; 19 Jul. 2016; M.Pierce leg.;,
ground forager; IBBL ANTWEB1017020. « 1 worker; Hong Kong SAR, Tai Po; Lam
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Tseun; 22.43449, 114.11728; 171 m a.s.l,; 30 Aug. 2016; M.Pierce leg.; forest,
Hand collection; IBBL ANTWEB1009148. « 1 worker; Hong Kong SAR, Tai Po; Lam
Tseun; 22.43449, 114.11728; 171 m a.s.l.; 30 Aug. 2016; M.Pierce leg.; forest,
Hand collection; IBBL ANTWEB1009378. ¢ 1 worker; Hong Kong SAR, Lung Fu
Shan; 22.2811,114.1369; 150 m a.s.l.; 5 Oct. 2016; B.Worthington leg.;, Hand col-
lection (night); IBBL BMW02340. « 1 worker; Hong Kong SAR, Tsing Yi; 22.3405,
114.1003; 300 m a.s.l; 12 Feb. 2017; R.H.Lee leg.; Open rock, general forager;
IBBL RHL0O03394. « 1 worker; Hong Kong SAR, Hatton Road; 22.2792, 114.1365;
237 m a.s.l;; 12 Feb. 2022; M.T.Hamer leg.; Young secondary, Hand collection;
IBBL ANTWEB1010183. « 1 worker; Hong Kong SAR, Pok Fu Lam; 22.25988,
114.13944; 213 m a.s.l.; 13 Jun. 2022; M.T.Hamer leg.;, Hand collection; IBBL AN-
TWEB1010184. - 3 workers; Hong Kong SAR, Ngong Ping; 22.25298, 113.90457,
455 m a.s.l.; 4 May. 2023; M.T.Hamer leg.; Secondary forest, Hand collection;
IBBL ANTWEB1010128, ANTWEB1010129, ANTWEB1010130. * 1 worker; Hong
Kong SAR, Wong Lung Hang; 22.26368, 113.95375; 400 m a.s.l.; 11 May. 2023;
M.T.Hamer leg.; Young secondary forest, Hand collection; IBBLANTWEB1010133,
ANTWEB1010134. - 1 worker; Hong Kong SAR, Yi 0; 22.22342,113.84714;13 m
a.s.l; 20 Jun. 2023; M.T.Hamer leg.; Young secondary forest, Winkler leaf litter Ex;
IBBL ANTWEB1010126, ANTWEB1010127. -+ 1 worker; Hong Kong SAR, Ngong
Ping SSSI; 22.25252, 113.90662; 455 m a.s.l.; 29 Jun. 2023; M.T.Hamer leg.; Sec-
ondary Forest, Hand collection; IBBL ANTWEB1010124. - 2 workers; Hong Kong
SAR, Tai Mo Shan; 22.40403, 114.1069; 471 m a.s.l.; 22 Aug. 2023; C.Y.L.Tse leg;
Secondary forest, ex. Nest; IBBL MTH243. « 1 worker; Hong Kong SAR, Tai Mo
Shan; 22.40384, 114.10549; 491 m a.s.l.; 26 Aug. 2023; C.Y.L.Tse leg.; Second-
ary forest, Gen. forager; IBBL MTH80, MTH242. - 4 workers; Hong Kong SAR, Tai
Mo Shan; Kap Lung Forest Trail; 22.41084, 114.10423; 450 m a.s.l.; 3 Sep. 2023;
M.T.Hamer leg.; Secondary forest, ex.decaying log; IBBL MTH222. - 5 workers;
Hong Kong SAR, Nei Lak Shan; 22.26524, 113.9064; 500 m a.s.l.; 6 Sep. 2023;
M.T.Hamer leg.; Young Secondary Forest, Hand coll. in trail; IBBL MTH303. « 5
workers; Hong Kong SAR, Tai Mo Shan; 22.40452, 114.10645; 490 m a.s.l; 27
Sep. 2023; M.T.Hamer leg.; Secondary forest, un. rock; IBBL MTH574.

Ergatoid: CHINA « 1 ergatoid; Hong Kong SAR, Tai Mo Shan; Kap Lung Forest
Trail; 22.40422, 114.10591; 470 m a.s.l.; 22 Aug. 2023; C.Y.L.Tse leg.; Nest ex;
IBBL ANTWEB1010180.

Leptogenys grohli Hamer, Lee & Guénard, sp. nov.
https://zoobank.org/12FD252A-BAE4-488A-80F7-C5EAA46972D0
Figs 11,12,13,20C

Diagnosis. Head isosceles trapezoid, longer than wide; mandible linear, bas-
al margin longer than masticatory margin; basal margin edentate, masticatory
margin with one proximal and one apical tooth. Scape extending beyond pos-
terior head margin by three tenths of its length; antennal flagellomere | longer
than pedicel and antennal flagellomere Il. Promesonotal articulation and noto-
propodeal sulcus present. Propodeum with a pair of broadly rounded, posterior
facing cuticular lobes. In lateral view, petiole slightly longer than high, trapezoi-
dal in shape with posterior margin higher than anterior margin; dorsum subtly
convex, curving gradually downwards anteriorly. Head dorsum between eye,
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Figure 11. Leptogenys grohli holotype (ANTWEB1010093) A lateral view B dorsal view C head in full face view.
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clypeus, and frontal lobe with numerous and dense hair-bearing micro-punct-
ulae. Mesosomal dorsum smooth and shining with large, sparse punctures.
Anteriormost point clypeal margin with a pair of stout, tubular peg-like setae
and two decumbent hairs adjacent to the peg-like setae.

Description. Head. In full face view, head isosceles shaped as trapezoid, lon-
ger than wide, widest at mandibular insertion; lateral margin subtly convex and
subtly widening beyond eye to posterior margin; posterolateral corner of head
blunt; posterior margin of head straight. Mandible linear, basal margin longer
than masticatory margin; distinct angle between basal and masticatory margin
present; basal margin weakly sinuous and edentate, masticatory margin with
one proximal (formed by angle between basal and masticatory margin) and one
apical tooth; gap formed between clypeus and mandible when closed. In lat-
eral view, masticatory margin of mandible curves ventrad at apex; mandibular
groove present, beginning 1/3 the width of the mandible from base, terminat-
ing at ventrolateral mandible apex. Mandalus ovoid, visible at base of mandible
when closed. In full face view, anterior clypeal lobe broadly triangular, extending
into intermandibular space; 1/5 of head length; terminating in an acute convex
point; lateral clypeal margin gradually curving to lateral head margins with in-
conspicuous lobes; longitudinal clypeal carina present and conspicuous. Fron-
tal lobes small, 2/3 of antennal condyle visible. Frontal groove short, terminat-
ing at anterior eye margin. Occipital carina present, extending to ventral surface
meeting at an acute angle ventrally. Eye convex, located dorsolaterally in full
face view; interrupting lateral head outline; length 1/4 of lateral head length;
maximum number of ommatidia across maximum eye length 14 or 15. Anten-
nae with ten flagellar segments; scape long, extending beyond posterior head
margin by 3/10 of its length; scape reaching maximum width medially; antennal
flagellomere | longer than pedicel and antennal flagellomere II; apical most flag-
ellomere tapering to a point. Hypostomal teeth present; in ventral view, located
laterally, adjacent to mandibular base. Palp formula 4:4 (one worker dissected).

Mesosoma. In lateral view, promesonotum feebly to distinctly convex; prome-
sonotum higher than propodeum; propodeal dorsal outline straight to feebly
convex; dorsal surface longer than declivitous face; angle between dorsal and
declivitous face gradually curving. In dorsal view, pronotum wider than long;
pronotum wider than maximum propodeal width. Prosternal process present,
anteriorly convex, and posteriorly acutely angled. Promesonotal articulation
present but feebly impressed. Mesonotum wider than long. Notopropodeal
sulcus present, impressed, with longitudinal cross-ribs. Angle between dorsal
and lateral surfaces smoothly curved. Posterolateral propodeum at spiracular
height with broadly rounded lobe that extend posteriorly; propodeal declivitous
surface concave. In lateral view, mesometapleural suture deeply impressed,
with cross-ribs; mesopleural margin of suture distinctly marginated. Mesopleu-
ron not visibly divided into anespiternum and katerpisternum. Propodeal spira-
cle circular, located above midline of lateral propodeum surface within concave
cuticular depression anterodorsally. Metapleural gland bulla circular. Distance
between metapleural gland and spiracle greater than spiracle diameter. Legs
long and slender; tarsomere one with concave cleaning comb basally. Mesotib-
ia with one pectinate and one simple spur; simple spur 1/2 length of pectinate
spur. Metatibia with one long pectinate spur and one simple spur; simple spur
~ 1/3 the length of the pectinate spur. All tarsal claws pectinate.
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Figure 12. Leptogenys grohli sp. nov holotype (all images are ANTWEB1010093, other than C ANTWEB1010092) close
up sections A close up of head and mesosoma in lateral view B close up of right hand mandible in full face view C close
up of right antennal scape in full anteroventral view D close up of petiole in lateral view E close up of propodeum, petiole
and first gastral tergite in dorsal view.

Metasoma. In lateral view, petiole slightly longer than high, trapezoidal in
shape with posterior margin higher than anterior margin; dorsum subtly con-
vex, curving anteriorly; anterior face straight, ~ 1/2 as high as of posterior face.
Peduncle absent. Spiracle small and circular, located laterally on anteromedi-
al surface. In dorsal view, petiole distinctly longer than wide; posterior width
twice the anterior width. Subpetiolar process present, located anteroventrally;
process triangular with posterior margin longer than anterior margin, postero-
ventral angle acute. Semi-circular prora lobe present, pointed ventrally. Angle
between anterior and dorsal surface of abdominal tergite Ill broadly rounded in
lateral view. Abdominal tergite Il widest posteriorly in dorsal view. Cinctus with
numerous short, longitudinal cross-ribs. Sting present.

Sculpture. Mandibular dorsum with faint longitudinal striations across whole
length. Clypeal dorsum laterally smooth, coarsely striate medially, with scattered
hair-bearing punctae. Head dorsum between eye, clypeus, and frontal lobe with
numerous, dense hair-bearing punctulae; punctations become larger and sparse
posteriorly; ventrolateral head surface mostly smooth and shining with wide-
ly spaced hair-bearing punctations. Antennal segments with numerous, dense
punctulae, lacking smooth regions. Mesosomal dorsum mostly smooth with large,
sparse punctures; distance between punctures much larger than their diameter.
Propodeal declivity with conspicuous transverse striations that do not extend to
propodeal dorsum; posterior portion of declivity smooth. Lateral surface of pro-
notum mostly smooth and shining with large, sparse punctures. Mesopleuron
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Figure 13. Leptogenys grohli ergatoid queen (ANTWEB1010094) A lateral view B dorsal view C head in full face view.

anteroventral and ventral margins with short striations; striations crossing me-
sopleuron width ventrally; mesopleuron mostly smooth and shining with sparse
punctures. Lateral propodeum with striations on ventral margin, around meta-
pleural gland bulla, propodeal spiracle and posteroventral corner. All femora with
hair-bearing punctures; punctures progressively denser apically on dorsal surface
of profemur. All tibiae smooth and shining with dense punctulae and sparse mac-
ro hair-bearing punctures throughout. Petiole dorsum mostly smooth and shining
with large hair-bearing punctures; lateral petiole surface smooth. Dorsum of first
gastral tergite mostly smooth and shining with large, sparse, hair-bearing macro
punctures; anterior face smooth and shining. Presternite IV imbricate. Abdominal
segment IV with macro-punctures dorsally; sternite with very sparse macro punc-
tures. Pygidium and hypopygium with sparse, hair-bearing macro punctures only.

Pilosity. Mandibular dorsum with stout erect hairs directed inwards along bas-
al margin, and short, decumbent hairs on dorsum. Anteriormost point clypeal
margin with pair of long, stout, tubular peg-like setae and two decumbent hairs
adjacent to the peg-like setae; clypeal dorsum with numerous, long erect hairs
as well as decumbent short hairs sparsely distributed across surface. Head dor-
sum, between clypeus, antennal foramen, and eye with dense, semi-decumbent,
appressed hairs; hairs posteriorly sparse with suberect hairs only; head dorsolat-
erally with decumbent hairs directed anteriorly. Scape with numerous subdecum-
bent and suberect hairs; flagella with numerous suberect and decumbent hairs.
Mesosomal dorsum with erect and suberect hairs sparsely distributed. Suberect
and decumbent hairs present on lateral surfaces of pronotum and propodeum.
Coxae with many decumbent hairs reaching highest density on ventral surface.
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Femora with suberect hairs dorsally and subdecumbent hairs ventrally; tibiae with
dense, decumbent hairs dorsally, and sparse decumbent hairs ventrally. All tarsi |
with stout and apically blunt hairs arranged in a series, surrounded by simple de-
cumbent hairs. Petiolar dorsum with decumbent hairs; lateral petiole surface with
sparse decumbent hairs, almost glabrous; subpetiolar process with numerous
suberect and erect hairs. Prora with numerous, fine, short, erect hairs directed
anteriorly. All abdominal tergites and sternites with sparsely distributed suberect
and erect hairs. Pygidium and hypopygium with numerous long erect hairs.

Colour. Dark reddish brown across mesosoma, mandibles and legs distinctly
paler red to orange in colour.

Ergatoid description. With characters of worker but: lateral head margin not
straight, distinctly widening posteriorly noticeably more so than the worker.
Mesosoma stout and robust not as elongated as in worker; promesonotum
distinctly convex; propodeum shorter, ~ 1/3 longer than propodeal declivity.
Petiole nodiform, distinctly higher than long in lateral view; about as wide as
long in dorsal view. Metasomal segments IlI-VIl enlarged, segment Il wider
than petiole. Same colours as the worker.

Measurements. Worker holotype: HL 1.13; HLL 0.87; HLA 0.23; HW 0.72;
CML 0.22; SL 1.20; All 0.21; AFI 0.32; AFIl 0.24; EL 0.23; ML 0.56; PrL 0.71; PrH
0.49; PrW 0.66; WL 1.92; PeL 0.68; PeH 0.61; PeW 0.38; DPL 0.64; Cl 63.57; CLI
19.8; S1167.31; 01 26.67; LPI 89.66; DPI 59.75.

Worker paratypes (n = 12): HL 1.12-1.18; HLL 0.86-0.90; HLA 0.20-0.23;
HW 0.69-0.75; CML 0.21-0.23; SL 1.16-1.26; All 0.19-0.24; AFI 0.31-0.36;
AFIl 0.22-0.26; EL 0.22-0.25; ML 0.54-0.57; PrL 0.66-0.74; PrH 0.49-0.55;
Prw 0.64-0.69; WL 1.79-1.99; PeL 0.60-0.69; PeH 0.56-0.61; PeW 0.33-0.39;
DPL 0.52-0.67;Cl 61.36-64.17; CLI 18.65-20.43; S 166.25-172.94; 01 26.14~
28.93; LPI 85.02-93.55; DPI 55.5-65.71.

Ergatoid paratype (n = 1): HL 1.19; HLL 0.90; HLA 0.259; HW 0.80; CML 0.25;
SL 1.19; All 0.23; AFI 0.30; AFIl 0.22; EL 0.25; ML 0.59; PrL 0.73; PrH 0.56; PrwW
0.7; WL 1.88; PeL 0.50; PeH 0.62; PeW 0.49; DPL 0.50; Cl 67.31; CLI 21.34; SI
148.06; 01 28.28; LPI 123.01; DP1 97.61.

Non-type workers (n = 10): HL 1.12-1.18; HLL 0.82-0.92; HLA 0.16-0.24;
HW 0.7-0.75; CML 0.2-0.25; SL 1.17-1.34; All 0.18-0.22; AFI 0.31-0.36; AFII
0.23-0.26; EL 0.22-0.27; ML 0.55-0.61; PrL 0.66-0.74; PrH 0.5-0.55; PrwW
0.64-0.71; WL 1.81-1.97; PeL 0.63-0.69; PeH 0.54-0.67; PeW 0.36-0.4; DPL
0.57-0.67;Cl1 61.82-64.78; CLI 18.01-20.73; SI 163.69-179.7; 01 25.74-31.04;
LPI 81.83-97.24; DPI 56.97-68.64.

Morphological variation. A spectrum of mesosomal size was observed,
which is reflected in the variation seen within the mesosomal measurements.
Moreover, the longitudinal ridges across the notopropodeal sulcus differs
across the specimens examined with some showing more ribbing than oth-
ers. No relationship between the size of a specimen and the longitudinal ridg-
es could be found. Variation in both morphometric and qualitative characters
mentioned above differs within the colony type series.

Comparative notes. Within Xu and He (2015), specimens of L. grohli will key
to the couplet containing both L. peuqueti and L. confucii. Leptogenys grohli is
distinguishable from L. peuqueti by the more linear lateral margins of the head
than the convex lateral margins of L. peuqueti; the smaller eye (EL 0.22-0.27);
and narrower head (HW 0.70-0.75). Sculptural differences also occur, with
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L. grohli having greater density of punctures across the whole head, scapes,
mesosomal, petiole and first two gastral tergites than L. peuqueti. Leptogenys
peuqueti is generally larger in all aspects, with L. grohli being a smaller, more
gracile species. Leptogenys grohli is also morphologically similar to L. confucii,
a species known from Taiwan and Southern Japan, but can be differentiated by
the conspicuously defined angle between the basal and masticatory margin of
the mandible; a smaller, less conspicuous frontal indentation; more angulated
posterior head corner, and the lack of sculpture across the whole mesopleuron
and lateral propodeal surfaces.

Distribution. So far L. grohli is only known from Hong Kong and Guangdong
This species, however, should be expected from neighbouring Chinese provinc-
es and is likely to have been misidentified previously as L. peuqueti.

Ecology. The type series was collected by sifting and extracting leaf litter
within an old growth secondary forest. Specimens were noted during leaf litter
sample collection, with the nest located within the soil between the tree trunk
and its roots. One ergatoid and 16 workers were obtained, likely represent-
ing most of the colony. Solitary foraging individuals have been observed and
collected during daytime across Hong Kong, with specimens obtained from
tree plantations to secondary forests and Feng Shui Woods. Group hunting be-
haviour was not observed in this species.

Material examined. Holotype worker. CHINA * 1 worker; Hong Kong SAR, Tai
Po Kau Nature Reserve; 22.4271, 114.1814; 160 m a.s.l.; 23 Aug. 2022; A.l.
Weemaels & M.T.Hamer leg.; Secondary forest, Winkler ex. leaf litter; ZRC AN-
TWEB1010093.

Paratype workers: 12 workers: Same collection as holotype; ZRC ANT-
WEB1010085 to ANTWEB1010092. Same collection data as holotype; HKBM
ANTWEB1010095 to ANTWEB1010099.

Paratype ergatoid: Same collection data as holotype; ZRC ANTWEB1010094.

Non-type workers (n = 35): CHINA * 3 workers; Hong Kong SAR, Tai Po Kau; 19
Jul. 1992; J.R.Fellowes leg.; HKBM MBS006896, MBS006897, MBS006899. * 2
workers; Guangdong Prov., Qi Mu Zhang; 6 Apr. 1997; J.R.Fellowes leg.; HKBM
MBS015248. - 1 worker; Hong Kong SAR, Lung Fu Shan; 22.27876, 114.13728,;
240 m a.s.l;; 24 Apr. 2015; R.H.Lee leg.; Plantation, Pitfall trap; IBBL RHL00050. *
2 worker; Hong Kong SAR, Lung Fu Shan; 22.2784,114.1378; 230 m a.s.l.; 30 Apr.
2015; R.H.Lee leg.; Plantation, Pitfall trap; IBBL RHL00129, RHL00152. « 1 worker;
Hong Kong SAR, Shing Mun; 22.39693,114.153;242 ma.s.l.; 14 May. 2015;R.H.Lee
leg.; Feng Shui Forest, Pitfall trap; IBBL RHL00401. « 1 worker; Hong Kong SAR,
Sunset Peak; 22.26112,113.95633; 575 ma.s.l;; 3Jun. 2015; R.H.Lee leg.; Second-
ary forest, Pitfall trap; IBBL RHL00892. - 1 worker; Hong Kong SAR, Sunset Peak;
22.26084, 113.95753; 575 m a.s.l.; 3 Jun. 2015; R.H.Lee leg.; Secondary forest,
Pitfall trap; IBBL RHL00894. - 2 workers; Hong Kong SAR, Sunset Peak; 22.26392,
113.95376; 470 m a.s.l; 3 Jun. 2015; R.H.Lee leg.; Secondary forest, Pitfall trap;
IBBL RHL00906, RHL00908. « 1 worker; Hong Kong SAR, Sunset Peak; 22.26594,
113.95278; 440 m a.s.l; 3 Jun. 2015; R.H.Lee leg.; Secondary forest, Pitfall trap;
IBBL RHL00931. * 2 workers; Hong Kong SAR, Tai Po Kau; 22.42613, 114.18178;
160 m a.s.l; 14 Jul. 2015; R.H.Lee leg.; Plantation, Pitfall trap; IBBL RHL00931,
RHL02083. - 1 worker; Hong Kong SAR, Tai Po Kau; 22.42285, 114.18082; 200 m
a.s.l; 14 Jul. 2015; R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHL02128. *
1 worker; Hong Kong SAR, Tai Po Kau; 22.42706, 114.17999; 180 m a.s.l.; 14 Jul.
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2015; R.H.Lee leg.; Plantation, Pitfall trap; IBBL RHL02165. * 2 worker; Hong Kong
SAR, Tai To Yan; 22.45479,114.11821; 420 m a.s.l.; 4 Aug. 2015; R.H.Lee leg.; Sec-
ondary forest, Pitfall trap; IBBL RHL02211, RHL02686. « 3 worker; Hong Kong SAR,
The Peak; 22.27523,114.13873; 370 m a.s.l,; 17 Aug. 2015; R.H.Lee leg.; Second-
ary forest, Pitfall trap; IBBL RHL0O1090, RHL0O1099, RHLO1106. « 1 worker; Hong
Kong SAR, The Peak; 22.2767,114.1423; 410 m a.s.l.; 17 Aug. 2015; R.H.Lee leg.;
Secondary forest, Pitfall trap; IBBL RHL02621. « 2 worker; Hong Kong SAR, The
Peak; 22.27603, 114.14199; 410 m a.s.l,; 17 Aug. 2015; R.H.Lee leg.; Secondary
forest, Pitfall trap; IBBL RHL02636, RHL02639. « 1 worker; Hong Kong SAR, The
Peak; 22.27495, 114.13828; 360 m a.s.l.; 17 Aug. 2015; R.H.Lee leg.; Secondary
forest, Pitfall trap; IBBL RHL02655. « 1 worker; Hong Kong SAR, Tai Lam; 22.3956,
114.0928; 420 m a.s.l,; 26—29 Oct. 2015; R.H.Lee leg.; Bamboo forest, Pitfall trap;
IBBL RHL02774. « 1 worker; Hong Kong SAR, Lung Fu Shan; 22.2758, 114.13546;
260 m a.s.l; 30 Jun. 2016; R.H.Lee leg.; Secondary forest, General forager; IBBL
RHL-SIA-007. - 1 worker; Hong Kong SAR, Mui Tsz Lam; 22.3892, 114.2345; 220 m
a.s.l;; 4 Oct. 2016; R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHL0O03304. -
1 worker; Hong Kong SAR, Tai Po Kau; 22.42613, 114.18178; 160 m a.s.l.; 6 Jun.
2017;R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHL03549. « 1 worker; Hong
Kong SAR, Tai Po Kau; 22.42706, 114.17999; 180 m a.s.l,; 6 Jun. 2017; R.H.Lee
leg.; Secondary forest, Pitfall trap; IBBL RHL03555. « 1 worker; Hong Kong SAR,
Lung Fu Shan; 22.2758, 114.13546; 250 m a.s.l,; 11 Oct. 2017; R.H.Lee leg.; Sec-
ondary forest, General forager; IBBL RHL-SIA-095. « 1 worker; Hong Kong SAR;
Wong Lung Hang; 22.2658, 113.9528; 440 m a.s.l; 11 May. 2023; M.T.Hamer leg;
Shrubland, General-forager IBBL ANTWEB1010235.

Etymology. Named after the musician Dave Grohl, lead singer, guitarist, and
songwriter of the rock band Foo Fighters, drummer of the rock bands Nirvana
and Queens of the Stone Age among others, for his positive activism, and ever
long musical accompaniment to both first and last author.

Leptogenys kitteli (Mayr, 1870)
Figs 7B, 8B, 14, 20D

Lobopelta kitteli Mayr, 1870b: 966 (w.) INDIA (Sikkim).

Leptogenys kitteli: Emery 1895: 461.

Leptogenys kitteli altisquamis [senior synonym] Forel, 1900f: (w.) MYANMAR: Xu
and He 2015: 142. Of Leptogenys kitteli minor Forel, 1900f: 307 (w.) INDIA: Xu
and He 2015: 142. Of Leptogenys kitteli siemsseni Viehmeyer, 1922: 203, fig.
1 (w.) CHINA: Xu and He 2015: 142.

Measurements. Worker (n = 13): HL 1.72-1.87; HLL 1.37-1.53; HLA 0.37-0.47,
HW 1.3-1.44; CML 0.33-0.45; SL 1.67-1.86; Al 0.21-0.32; AFI 0.32-0.37; AFII
0.29-0.33; EL 0.32-0.39; ML 0.73-0.94; PrL 0.97-1.14; PrH 0.7-0.85; Prw
0.97-1.06; WL 2.64-2.87; PeL 0.58-0.82; PeH 0.72-0.93; PeW 0.56—-0.74; DPL
0.4-0.52; C1 71.27-81.04; CLI 18.21-25.62; SI 117.83-132; 01 21.94-26.5; LPI
107.98-158.96; DP1 116.12-147.26.

Morphological variation. Specimens of L. kitteli show a wide range of variation
in sculpture in different parts of the body. In most specimens, the fine costulae on
the head run longitudinally across its entire surface; nonetheless, in some other
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specimens, some of the costulae converge medially, forming a concentric pattern
similar to that found in L. diminuta. The mesosomal sculpturing varies even more
when compared to the head sculpture; from fine costulae with interspaced foveae
to irregular faint costulae throughout the mesosoma. The metanotal groove is
deeply incised in the majority of specimens observed, with just a single specimen
having a very shallow groove. Similar to L. diminuta, L. kitteli expresses a large de-
gree of morphological variation across its wider geographical range and is likely a
complex of species that would require further taxonomic investigation to resolve.

Comparative notes. Leptogenys kitteli is most morphologically similar to L.
diminuta within Hong Kong. Both species can be differentiated by the distinctly
larger absolute size of L. kitteli, as well as the longitudinally striate pronotum,
and absence of a longitudinal carinae on the clypeal dorsum.

Distribution. Leptogenys kitteli is a widely distributed across the Indoma-
layan region, known from mainland China (Hainan, Guangxi, Yunnan, Sichuan,
Guizhou, Hunan, Jiangxi, Fujian Zhejiang, Guangdong, Hubei, and Hong Kong
SAR), Taiwan, India, Bangladesh, Myanmar, Thailand, Vietnam, Nepal (; Xu and
He 2015; Bharti et al. 2016; Janicki et al. 2016; Guénard et al. 2017; Khachonpis-
itsak et al. 2020). This species should be expected from Laos and Cambodia.

Ecology. Leptogenys kitteli is known to forage in large groups of workers,
preying upon termites, as well as earthworms (Fellowes 1996). Similar to L.
diminuta, colonies are known to move nesting locations and include up to sev-
eral hundred individuals.

Material examined. Workers (n = 36): CHINA + 3 workers; Hong Kong SAR,
Tai Mo Shan; 28 Sep. 1992; J.R.Fellowes leg.; HKBM MBS006891, MBS006892.
+ 1 worker; Hong Kong SAR, Victoria Park; 27 Jun. 1999; K. Eguchi leg.; HKBM
MBS006576. « 1 worker; Hong Kong SAR, Victoria Park; 27 Jun. 1999; SK.Ya-
mane leg.; SKYC MBS006586, ANTWEB1010189, ANTWEB1010190. « 3 work-
ers; Guangdong Prov., Hei Shi Ding; 24 Apr. 1997; J.R.Fellowes leg.; HKBM
MBS006906, MBS006907, MBS006908. « 1 worker; Guangdong Prov., Nankun-
shan; 20 Mar. 1997; J.R.Fellowes leg.; HKBM MBS015273. « 1 worker; Guang-
dong Prov., Qi Mu Zhang; 6 Apr. 1997; J.R.Fellowes leg.; HKBM MBS015271. * 2
workers; Guangdong Prov., Xin Jia Dong; 4 May. 1998; J.R.Fellowes leg.; HKBM
MBS006577. « 2 workers; Hong Kong SAR, The Peak; 10 Sep. 2000; SK.Yamane
leg.; SKYC ANTWEB1010186, ANTWEB1010187. « 1 worker; Hong Kong SAR,
Aberdeen Reservoir; 22.26,114.163; 160 m a.s.l.; 29 Jun. 2015; Yu-Ying Luo leg.;
IBBL YYLO0021. - 1 worker; Hong Kong SAR, Tai Tam; 22.2618,114.2168; 360 m
a.s.l.; 27 Jul. 2015; R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHL02795. -
1 worker; Hong Kong SAR, The Peak; 22.27603, 114.14199; 400 m a.s.l.; 17 Aug.
2015; R.H.Lee leg.; Secondary Forest, Pitfall trap; IBBL RHL02638. * 1 worker;
Hong Kong SAR, Tai Mo Shan; 22.41607, 114.12515; 800 m a.s.l.; 21 Jun. 2016;
R.H.Lee leg.; Grassland, Pitfall trap; IBBL RHL03564. « 1 worker; Hong Kong SAR,
Lung Fu Shan;22.27603,114.14199; 400 ma.s.l.; 11 Jul. 2016; R.H.Lee leg.; Sec-
ondary forest, Bait trap; IBBL RHL-SIA-091. « 1 worker; Hong Kong SAR, Southern
Shek 0; 22.25339, 114.24577;190 m a.s.l.; 15 Jul. 2016; M.Pierce leg.; Second-
ary forest, Bait trap; IBBL ANTWEB1009151. « 1 worker; Hong Kong SAR, Deep
Water Bay; 22.25483,114.18338; 107 m a.s.l.; 12 Aug. 2016; M.Pierce leg.; Sec-
ondary forest, Hand collection; IBBL ANTWEB1009484. - 1 worker; Hong Kong
SAR, Nam Fung Road; 22.2546, 114.1833; 120 m a.s.l.; 20 Aug. 2016; R.H.Lee
leg.; Pitfall trap; IBBL RHL003365. « 1 worker; Hong Kong SAR, Deep Water Bay;
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Figure 14. Leptogenys kitteli (PFL1T2W3-1) A lateral view B dorsal view C head in full face view.

22.25483,114.18338; 107 m a.s.l.; 12 Sep. 2016; M. Pierce leg.; Subtropical dry
forest, ground forager; IBBL ANTWEB1009664. - 1 worker; Hong Kong SAR, Tai
Mo Shan; 22.41099, 114.11917; 737 m a.s.l.; 2 Oct. 2016; C. Leung leg.; Sec-
ondary Forest, Bait trap; IBBL ANTWEB1009149. - 2 workers; Hong Kong SAR,
Aberdeen; 22.25571, 114.16254; 99 m a.s.l.; 20—-23 Oct. 2017; M.Pierce leg.;
Secondary forest, Pitfall; IBBL ANTWEB1016994, ANTWEB1009645. « 1 worker;
Hong Kong SAR, Tai Mo Shan; 22.4066, 114.12128; 760 m a.s.l.; 3 Oct. 2018; B.
Morgan leg.; Hand collection; IBBL ANTWEB1010122. « 3 workers; Hong Kong
SAR, Boa Vista; 22.2555, 114.2243; 260 m a.s.l.; 10 Jun. 2020; R.Wang leg.; Pit-
fall; IBBL RWB1236, RWB1237, RWB1238. - 2 workers; Hong Kong SAR, Pok Fu
Lam; 22.26247,114.1397;217 ma.s.l.; 7 Apr. 2022; A. |. Weemaels & M.T.Ham-
er leg.; Secondary Forest, Winkler leaf litter Ex; IBBL PFL1T2W3-1, PFL1T2W5-1.
+ 6 workers; Hong Kong SAR; Magazine Gap; 22.26819, 114.16578; 255 m a.s.l.;
17 Oct. 2023; C.Y.L.Tse leg.; Young secondary forest, ex. nest; IBBL MTH680.

Leptogenys kraepelini Forel, 1905
Figs 2B, 6A, 15,21A
new record

Leptogenys (Lobopelta) kraepelini Forel, 1905f: 5 (w.) INDONESIA (Java).
Leptogenys kraepelini baccha [senior synonym] Santschi, 1919: 336 (w.) VIET-
NAM: Xu and He 2015: 142.
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Measurements. Workers (n = 15): HL 1.68-1.86; HLL 1.32-1.51; HLA 0.33-
0.38; HW 1.09-1.23; CML 0.35-0.43; SL 1.7-2.04; All 0.25-0.31; AFI 0.4-0.5;
AFIl 0.33-0.39; EL 0.41-0.47; ML 0.78-0.87; PrL 1.03-1.22; PrH 0.63-0.93;
PrWw 0.97-1.11; WL 2.91-3.26; PeL 0.92-1.07; PeH 0.87-0.99; PeW 0.35-0.65;
DPL 0.9-1.02; Cl 62.84-67.07; CLI 20.97-24.54; S| 153.66—174.8; Ol 29.39-
33.12; LP189.2-318.31; DPI 39.4-67.12.

Ergatoid queen (n = 1): HL 1.63; HLL 1.29; HLA 0.36; HW 1.67; CML 0.4; SL
1.53; All 0.22; AFI 0.35; AFIl 0.29; EL 0.42; ML 0.84; PrL 1.05; PrH 0.79; PrwW
0.99; WL 2.71; PeL 0.73; PeH 0.84; PeW 0.55; DPL 0.71; Cl 102.52; CLI 24.25; SI
91.8; 01 32.87; LPI 114.93; DP1 77.75.

Morphological variation. Specimens collected in Hong Kong match well with
the description provided by Forel, 1905 of L. kraepelini. However, the sculpture on
the propodeum (as ‘sloping surface of the metanotum’ in Forel 1905) is not entire-
ly ‘smooth’ (Forel 1905), but instead with transverse striations of varying degrees
of pronunciation from few to many striae. Xu and He (2015) utilised this charac-
ter (among others) to differentiate L. kraepelini from L. chinensis (Mayr, 1870), L.
chinensis having transverse striation and L. kraepelini lacking it. Such striations
appear absent in the dorsal image of the L. kraepelini (CASENT0281936, antweb.
org) studied by Xu and He (2015). However, this specimen (from West Java)
could represent a morphological extreme for this character. With a large distribu-
tion across Southeast Asia, this species likely shows a high degree of morpholog-
ical variability similar to L. diminuta and L. kitteli. We suggest that this character
should be treated with caution until the holotype specimen and additional materi-
al of L. kraepelini can be more closely scrutinised. Within Hong Kong, morpholog-
ical variation appears to be limited. Most variation is associated with colour, with
workers varying from reddish brown to jet-black, to black with a blue iridescent
shine. The possibility of cryptic species within L. kraepelini and L. chinensis re-
quires further taxonomic investigation which is not within the scope of this study.
As such, despite ergatoids presented here we refrain from describing them.

Comparative notes. This species highly resembles L. peuqueti and L. grohli
within Hong Kong. However, L. kraepelini can be separated from both species
by its much larger size, the distinctly posteriorly projecting propodeal lobes and
the truncated anterior clypeal margin. Leptogenys kraepelini has been confused
with L. chinensis in the past (Xu and He 2015). However, L. kraepelini has a rect-
angular head that does not significantly narrow behind the eyes as in L. chinen-
sis; has punctuate sculpture between the clypeus and eyes which L. chinensis
lacks, and a straight anterolateral clypeal margin which is sinuate in L. chinen-
sis. More differing characters will likely be revealed upon closer inspection of
type material and the examination of more specimens from across the wider re-
gion. Specimens previous determined to be L. chinensis from Guangdong were
not examined in this study (Wu et al. 2008; Zhao et al. 2009). Such specimens
should be re-examined, especially considering L. kraepelini is now confirmed
from Guangdong and Hong Kong (this study), as well as the previously known
misidentifications of L. chinensis for L. kraepelini (and L. peuqueti) in the past.

Distribution. Leptogenys kraepelini is widely distributed across Indomalaya,
recorded from China (Yunnan and Hong Kong SAR), Vietnam, Laos, Thailand,
Malaysia Peninsula, Singapore, Borneo, Sumatra, and Java (Bakhtiar and Chi-
ang 2010; Xu and He 2015; Janicki et al. 2016; Guénard et al. 2017; Khachon-
pisitsak et al. 2020; Wang et al. 2022). This species is currently absent from
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Figure 15. Leptogenys kraepelini (RHL00392) and ergatoid (ANTWEB1010172) A worker in lateral view B worker in dorsal
view C worker in head in full face view D ergatoid in lateral view E ergatoid in lateral view and F ergatoid in dorsal view.

many southern Chinese provinces which likely reflects sampling effort in these
regions, or has been incorrectly identified as L. chinensis.

Ecology. This species is known to nest within rotting wood in young to old
growth secondary and shrublands but is seemingly absent from highly dis-
turbed environments. Specimens have been collected either individually or
in small groups (three individuals) during the day, with colonies reproducing
through ergatoid queens (Ito 1997). Leptogenys kraepelini appears to have a
specialised diet on earwigs (Steghaus-Kovac and Maschwitz 1993) but has
been observed preying upon termites in Hong Kong (CYLT pers. obs.).

Material examined. Workers (n = 38): CHINA - 1 worker; Hong Kong SAR,
The Peak; 13 Jul. 1992; J.R.Fellowes leg.; HKBM MBS006905. « 1 worker; Hong
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Kong SAR, Hong Kong Island, The Peak; 24 Sep. 1993; J.R.Fellowes leg.; HKBM
MBS015288. + 1 worker; Hong Kong SAR, The Peak; 27 Sep. 1994; J.R.Fellowes
leg.; HKBM MBS006660. * 1 worker; Guangdong Prov. Daw U Ling; 28 Apr. 1997,
J.R.Fellowes leg.; HKBM MBS015287 « 1 worker; Hong Kong SAR, Victoria Park;
27 Jun. 1999; SK.Yamane leg.; SKYC MBS006658, MBS006659. « 1 worker; Hong
Kong SAR, Shing Mun Reservoir; 22.39737, 114.15268; 230 m a.s.l.; 6 Jul. 2011;
P.S.Ward leg.; Secondary forest, ex. decay wood; IBBL ANTWEB1010182. « T work-
er; Hong Kong SAR, Shing Mun; 22.39693, 114.153; 240 m a.s.l.; 14 May. 2015;
R.H.Lee leg.; Feng Shui Forest, Pitfall trap; IBBL RHL00364, RHL00367, RHL00392,
RHL00407. « 1 worker; Hong Kong SAR, Sunset Peak; 22.266, 113.953; 430 m
a.s.l; 3 Jun. 2015; R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHL00928. -
1 worker; Hong Kong SAR, Aberdeen Reservoir; 22.259, 114.16; 170 m a.s.l.; 26
Jun. 2015; R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHLO0861. « 1 worker;
Hong Kong SAR, Aberdeen Reservoir; 22.262, 114.16; 180 m a.s.l.; 26 Jun. 2015;
R.H.Lee leg.; Secondary forest, Pitfall trap; IBBL RHL01297. « 1 worker; Hong Kong
SAR, The Peak; 22.277, 114.143; 450 m a.s.l; 17 Aug. 2015; R.H.Lee leg.; Sec-
ondary forest, Pitfall trap; IBBL RHL02628. « 1 worker; Hong Kong SAR, Kap Lung;
22.41666,114.10222; 256 m a.s.l.; 19 Sep. 2015; T.Tsang leg.; Winkler leaf litter Ex;
IBBLTT01228. « 1 worker; Hong Kong SAR, Tai Tam; 22.396,114.093; 420 m a.s.l,;
26 Oct. 2015; R.H.Lee leg.; Bamboo, Pitfall trap; IBBL RHL02778. « 1 worker; Hong
Kong SAR, Shing Mun; 22.39693, 114.153; 240 m a.s.l; 17 May. 2016; R.H.Lee
leg.; Feng Shui Forest, Winkler leaf litter Ex; IBBL RHL03204. « 1 worker; Hong
Kong SAR, Lung Fu Shan; 22.27603, 114.14199; 400 m a.s.l.; 11 Jul. 2016; R.H.Lee
leg.; Secondary forest, Winkler leaf litter Ex; IBBL RHL-SIA-89. « 1 worker; Hong
Kong SAR, Tai Lam Country Park; 22.37598, 114.04713; 200 m a.s.l.; 3 Nov. 2017,
R.Cheung & M.Pierce leg.; Winkler leaf litter Ex; HKBM MBS011437. « 1 worker,
Hong Kong SAR, Wong Lung Hang; 22.2668, 113.9524; 400 m a.s.l.; 11 May. 2023;
M.T.Hamer leg.; Young secondary forest, Hand collection; IBBL ANTWEB101020.
+ 1 worker; Hong Kong SAR, Lantau; A Po Long; 22.28186, 113.9835; 200 m a.s.l;
5 Jun. 2023; M.T.Hamer leg.; Young secondary forest, Hand collection; IBBL AN-
TWEB1010131, ANTWEB1010132, ANTWEB1010176. + 1 worker, Hong Kong
SAR, Sunset Peak, Wong Lung Hang path; 22.2602, 113.95906; 650 m a.s.l.; 7 Jul.
2023; M.T.Hamer leg.; Montane forest, Hand collection; IBBL ANTWEB1010121.
+ 5 workers; Hong Kong SAR, Tai Mo Shan; 22.40585, 114.1063; 517 m a.s.l;
26 Aug. 2023; M.T.Hamer leg.; Secondary forest, ex. Decay wood; IBBL MTH70,
MTH157. - 1 worker; Hong Kong SAR, Tai Mo Shan; 22.40403, 114.10691; 471 m
a.s.l; 3 Sep. 2023; M.T.Hamer leg.; Secondary forest, Nest ex. decay log; IBBL
ANTWEB1010169, ANTWEB1010174. « 1 worker; Hong Kong SAR, Tai Mo Shan;
Kap Lung Forest Trail; 22.41088, 114.10451; 450 m a.s.l;; 3 Sep. 2023; M.T.Ham-
er leg.; Secondary forest, ex.decaying log; IBBL MTH276. « 1 worker; Hong Kong
SAR, Severn Road; 22.27044,114.15621; 380 m a.s.l.; 5 Sep. 2023; C.Y.L.Tse leg.;
Nest ex.; IBBLANTWEB1010168, ANTWEB1010175. « 4 workers; Hong Kong SAR,
Wong Lung Hang; 22.26964, 113.95248; 265 m a.s.l.; 5 Sep. 2023; M.T.Hamer leg.,
Secondary forest, ex .decaying log; IBBL MTH308, MTH323, MTH335, MTH336.

Ergatoids (n = 2): CHINA - 1 ergatoid; Hong Kong SAR, Tai Mo Shan; Kap Lung
Forest Trail; 22.41088, 114.10451; 450 m a.s.l.; 3 Sep. 2023; M.T.Hamer leg.;
Secondary forest, nest ex. decaying log; IBBL MTH276. - 1 ergatoid; Hong Kong
SAR, Severn Road; 22.27044, 114.15621; 380 m a.s.l.; 5 Sep. 2023; C.Y.L.Tse
leg.; Nest ex.; IBBL ANTWEB1010172.
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Leptogenys laeviterga Zhou et al., 2012
Figs 7A, 16, 21B
new record

Leptogenys laeviterga Zhou et al., 2012: 888, figs 1-3 (w.) CHINA (Guangxi).

Measurements. Worker (n = 1): HL 1.58; HLL 1.22; HLA 0.31; HW 1.07; CML 0.4;
SL 1.99; All 0.28; AF1 0.43; AFIl 0.34; EL 0.28; ML 0.92; PrL 1.03; PrH 0.65; Prw
0.93; WL 2.78; PeL 0.76; PeH 0.84; PeW 0.59; DPL 0.62; Cl 67.76; CLI 25.35; SI
185.26; 01 22.89; LPI 110.58; DP1 94.2.

Morphological variation. Owing to the poor quality and quantity of specimens
collected, little is known about the morphological variability of this species.

Comparative notes. Leptogenys laeviterga is superficially similar to L. diminu-
ta owing to similarly shaped triangular mandibles, broad petiole shape, as well
as overall body size. However, L. laeviterga is readily differentiated by the dis-
tinct and conspicuous median clypeal carina; lack of costulate sculpture on the
head, lack of teeth on the mandibular masticatory margin, and longer scapes
(SL 1.90-1.99). Within the wider Indomalayan Leptogenys fauna, L. laeviterga
is morphologically similar to L. sunzii Xu & He, 2015, but can be differentiated
by the truncated clypeal apex in L. laeviterga (pointed and convex in L. sunzii),
the smaller eyes (larger in L. sunzii), and the higher than long petiole in L. sunzii
whereas the petiole as long as high in L. laeviterga (Xu and He 2015).

Figure 16. Leptogenys laeviterga (ANTWEB1010142) A lateral view B dorsal view C head face view.
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Distribution. Previously, L. laeviterga was only known from its type locality
in Darning Mountain National Nature Reserve, Guangxi (Zhou et al. 2012). Here
we provide the first record of the species from Hong Kong, representing the
eastern most record for this species thus far. The species should therefore be
expected from Guangdong and other neighbouring provinces in China.

Ecology. Very little is known of the ecology of L. laeviterga. Specimens (but
not the whole colony) from Hong Kong were obtained from within a decaying
log from an old growth secondary forest on the southern slopes of Tai Mo Shan
(471 m a.s.l.), Hong Kong. Male specimens were obtained on the day of collec-
tion. Considering the sampling effort undertaken in Hong Kong, it is surprising
that more L. laeviterga have not been collected, indicating the potential rarity of
this species.

Material examined. Workers (n = 3): CHINA * 3 workers; Hong Kong SAR, Tai
Mo Shan; 22.40403, 114.10691; 471 m a.s.l.; 26 Aug. 2023; M.T.Hamer leg.;
Secondary forest, ex. decay log; IBBL ANTWEB1010142, ANTWEB1010155,
ANTWEB1010156.

Leptogenys peuqueti (André, 1887)
Figs 3B, D, 17,21C

Lobopelta peuqueti André, 1887: 292 (w.) Vietnam.

Leptogenys: Emery, 1895m: 461.

Leptogenys minchinii [senior synonym] Forel, 1900f: 308 (w.) INDIA, MYANMAR:
Xu and He 2015: 145. Of Leptogenys peuqueti watsoni Forel, 1900f: 309 (w.)
MYANMAR: Xu and He 2015: 145.

Measurements. Worker (n =15): HL 1.15-1.31; HLL 0.88-1.02; HLA 0.17-0.28;
HW 0.75-0.87; CML 0.23-0.29; SL 1.19-1.39; All 0.17-0.21; AFI 0.34-0.39;
AFI1 0.25-0.3; EL 0.29-0.37; ML 0.5-0.65; PrL 0.73-0.85; PrH 0.51-0.74; PrW
0.6-0.76; WL 2.02-2.2; PeL 0.67-0.75; PeH 0.52-0.63; PeW 0.33-0.45; DPL
0.66-0.75; Cl 64.63-69.92; CLI 19.91-22.41; Sl 156.24-167.09; Ol 30.69-
37.14; LP174.93-90.7; DPI 47.94-65.32.

Morphological variation. Morphological variation with L. peuqueti speci-
mens collected from Hong Kong consists of overall size variation, with some
specimens being larger and more robust than others collected. Such variation
can be seen with the dorsal pronotal width and Webers length (Prw 0.6-0.76;
WL 2.02-2.2). Additional variation is associated with colour, with workers vary-
ing from jet-black, to black with an iridescent blue shine.

Comparative notes. Leptogenys peuqueti is most similar to L. grohli and L.
kraepelini within Hong Kong and Macao, being distinguishable from L. grohli
by the smooth head dorsum, larger eyes, shorter tubular setae on the anterior
clypeal margin, and convex lateral head margins. Leptogenys peuqueti highly
resembles L. kraepelini, but lacks the truncated anterior clypeal margin found
in L. kraepelini, the posteriorly projecting propodeal lobes and is overall smaller.
Within the wider Indomalayan Leptogenys species, L. peuqueti is most simi-
lar to L. confucii, as well as other members of the L. chinensis group. Leptog-
enys peuqueti can be differentiated by the smooth head dorsum, meso- and
metathorax, and propodeum, as well as its black colour.
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Figure 17. Leptogenys peuqueti (FK1T2W5-1) A lateral view B dorsal view C head in full face view.

Distribution. A very wide-ranging species in Indomalaya, L. peuqueti is re-
corded from several Chinese provinces including Fujian, Guangdong, Guangxi,
Hainan, Hong Kong Hubei, Hunan, Macao, Yunnan, and Zhejiang (Guénard and
Dunn 2012; Xu and He 2015; Janicki et al. 2016; Guénard et al. 2017; Brassard
et al. 2021). Other countries include Bangladesh, Bhutan, India (Andaman Is-
lands, Kerala, Meghalaya, Sikkim, and West Bengal), Indonesia (Java), Malay-
sia (Peninsular and Bornean parts), Myanmar, The Philippines, Singapore, Sri
Lanka, and Vietnam (Bakhtiar and Chiang 2010; Janicki et al. 2016; Guénard et
al. 2017; Wang et al. 2022). Further sampling effort across the Oriental region
will likely produce new country level records of this species (e.g., Cambodia,
Laos, Thailand).

Ecology. Leptogenys peuqueti is the most common Leptogenys recorded
from Hong Kong, collected from a wide variety of habitats including forests,
shrubland as well as disturbed urban sites. Workers are known to foraging in-
dividually but will recruit small numbers of workers to tackle larger prey items
(Janssen et al. 1997; MTH pers. obs.). Workers have been noted to feed upon
isopods in Hong Kong. Nests have been found within rotting logs, under rocks
and within soil (often underneath objects). Colonies are queenless, instead re-
producing through gamergates (Ito 1997). One colony collection contained 67
workers, 20 cocoons and four larvae (MTH271), correlating with Ito (1997) who
found the number of workers in L. peuqueti colonies to range from 5 and 97.

Material examined. Workers (n = 134): CHINA + 1 worker; Hong Kong SAR,
Sunset Peak; 25 Jul. 1992; J.R.Fellowes leg.; HKBM MBS06893. + 1 worker;
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Hong Kong SAR, Lion Rock; 27 Aug. 1992; J.R.Fellowes leg.; HKBM MBS006901.
+ 1 worker; Hong Kong SAR, Lion Rock; 27 Aug. 1992; J.R.Fellowes leg.; HKBM
MBS006902. - 1 worker; Hong Kong SAR, Lion Rock; 27 Aug. 1992; J.R.Fellowes
leg.; HKBM MBS006903. « 1 worker; Guangdong Prov., Ding Hu Shan; 25 Sep.
1995; J.R.Fellowes leg.; HKBM MBS015247. + 1 worker; Hong Kong SAR, Luk
Tei Tong, Lantau; 7 Oct. 1996; J.R.Fellowes leg.; IBBL MBS006606. * 1 worker;
Hong Kong SAR, Lantau, Tong Fuk; 4 Nov. 1996; J.R.Fellowes leg.; HKBM
MBS015246. « 1 worker; Hong Kong SAR, Tong Fuk, Lantau Island; 4 Nov. 1996;
J.R.Fellowes leg.; IBBL MBS006889. - 1 worker; Hong Kong SAR, Tong Fuk, Lan-
tau Island; 4 Nov. 1996; J.R.Fellowes leg.; HKBM MBS006890. * 1 worker; Hong
Kong SAR, Lantau, Tei Tong Tsai; 5 Nov. 1996; J.R.Fellowes leg.; HKBM
MBS015261. « 1 worker; Hong Kong SAR, Nam Long, Western New Territories;
7 Nov. 1996; J.R.Fellowes leg.; HKBM MBS015255. « 1 worker; Hong Kong SAR,
Kadoorie Farm Botanical Garden; 460 m a.s.l.; 21 Sep. 1999; J.R.Fellowes leg.;
HKBM MBS015254. - 1 worker; Hong Kong SAR, The Peak; 10 Sep. 2000; SK.
Yamane leg.; SKYC ANTWEB1010194. « 1 worker; Hong Kong SAR, Castle Peak;
22.391,113.958; 230 m a.s.l.; 30 Jun. 2015; R.H.Lee leg.; Shrubland, Pitfall trap;
IBBL RHLO1178. + 1 worker; Hong Kong SAR, Castle Peak; 22.391, 113.958;
230 m a.s.l.; 30 Jun. 2015; R.H.Lee leg.; Shrubland, Pitfall trap; IBBL RHL01200.
+ 1 worker; Hong Kong SAR, Discovery Bay; 22.31, 114.018; 5 m a.s.l.; 2 Jul.
2015; R.H.Lee leg.; Grassland, Pitfall trap; IBBL RHL01907. « 1 worker; Hong
Kong SAR, Tai Tam; 22.262, 114.217; 370 m a.s.l.; 27 Jul. 2015; R.H.Lee leg.;
Secondary forest, Pitfall trap; IBBL RHL02792. - 2 worker; Hong Kong SAR, Tap
Mun; 22.481,114.361; 100 m a.s.l.; 28 Jul. 2015; R.H.Lee leg.; Shrubland, Pitfall
trap; IBBL RHLO1540, RHLO1547. « 1 worker; Hong Kong SAR, Tap Mun; 22.477,
114.363; 45 m a.s.l.; 28 Jul. 2015; R.H.Lee leg.; Shrubland, Pitfall trap; IBBL
RHL01605, RHL01619. « 1 worker; Hong Kong SAR, Chap Lap Kok; 22.29301,
113.93407; 50 m a.s.l.; 17 Sep. 2015; B.Morgan leg.; Winkler leaf litter Ex; IBBL
BMWO0O0181. « 1 worker; Hong Kong SAR, Chap Lap Kok; 22.29301, 113.93407;
50 m a.s.l;; 27 Sep. 2015; B.Morgan leg.; Hand collection; IBBL BMW00247,
BMWO00248. - 1 worker; Hong Kong SAR, Nam Fung Road; 22.25553,114.18015;
108 m a.s.l; 1 Oct. 2015; T.Tsang leg.; Winkler leaf litter Ex; IBBL TT01495. « 1
worker; Hong Kong SAR, Chap Lap Kok; 22.29301, 113.93407; 50 m a.s.l;; 12
Oct. 2015; B.Morgan leg.; Winkler leaf litter Ex; IBBL BMW01086. *+ 1 worker;
Hong Kong SAR, Sha Shan; 22.449, 114.145; 50 m a.s.l.; 3 Nov. 2015; R.H.Lee
leg.; Feng Shui Forest, Pitfall trap; IBBL RHL02755. « 1 worker; Hong Kong SAR,
Chap Lap Kok; 22.2947, 113.9336; 20 m a.s.l.; 19 Mar. 2016; B.Morgan leg;
Winkler leaf litter Ex; IBBL BMWO00715. « 1 worker; Hong Kong SAR, Chap Lap
Kok; 22.2929, 113.9347; 60 m a.s.l.; 5 Apr. 2016; B.Morgan leg.; Winkler leaf
litter Ex; IBBL BMW02365. « 1 worker; Hong Kong SAR, Chap Lap Kok; 22.2918,
113.9333; 30 m a.s.l; 19 Apr. 2016; B.Morgan leg.; Hand collection; IBBL
BMWO0O0581. - 4 worker; Hong Kong SAR, Nam Fung Road; 22.2546, 114.1833;
120 m a.s.l;; 20 Aug. 2016; R.H.Lee leg.; Feng Shui Forest, Pitfall trap; IBBL
RHL03518, RHL03360, RHL003381, RHL03391. « 1 worker; Hong Kong SAR,
Southern Aberdeen; 22.25109, 114.16259; 99 m a.s.l;; 19 Sep. 2016; M.Pierce
leg.; subtropical dry forest, Hand collection; IBBL ANTWEB1009470. « 1 worker;
Hong Kong SAR, Tai Po: Kadoorie; 22.43332, 114.1172; 191 m a.s.l,; 21 Sep.
2016; M.Pierce leg.; botanical garden, Hand collection; IBBL ANTWEB1009083.
+ 2 worker; Hong Kong SAR, Pak Ngan Heung; 22.271,113.9891; 35 m a.s.l.; 25
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Oct. 2016; R.H.Lee leg.; Feng Shui Forest, Pitfall trap; IBBL RHL003347,
RHL03508. - 1 worker; Hong Kong SAR, Pak Ngan Heung; 22.27099, 113.98911;
35 m a.s.l; 25 Oct. 2016; R.H.Lee leg.; Feng Shui Forest, Pitfall trap; IBBL
RHL03509. « 1 worker; Hong Kong SAR, Mai Po; 22.487, 114.0392; 1 m a.s.l;
26-20 Oct. 2016; R.H.Lee leg.; Wetlands, Pitfall trap; IBBL RHL002943. « 1 work-
er; Hong Kong SAR, Chap Lap Kok; 22.2947,113.9336;20 m a.s.l.; 27 Nov. 2016;
B.Morgan leg.; Hand collection; IBBL BMW02465. « 1 worker; Hong Kong SAR,
Soko Island; 22.18258,113.91257; 3 m a.s.l.; 2 Dec. 2016; M.Pierce leg.; Forest,
Hand collection; IBBL ANTWEB1009836. « 1 worker; Hong Kong SAR, Chap Lap
Kok; 22.2947, 113.9336; 30 m a.s.l.; 28 Feb. 2017; B.Morgan leg.; Winkler leaf
litter Ex; IBBL BMWO02022. - 1 worker; Hong Kong SAR, Lok Ma Chau; 22.51023,
114.06352; T m a.s.l.; 9 Apr. 2017; M.Pierce leg.; Pitfall; IBBL ANTWEB1016941,
ANTWEB1017005. « 1 worker; Hong Kong SAR, Lok Ma Chau; 22.51044,
114.06348; 21 m a.s.l; 9-12 May.2017; M.Pierce leg.; Pitfall; IBBL ANT-
WEB1016958. - 2 worker; Hong Kong SAR, Lok Ma Chau; 22.51117,114.06576;
6 m as.l; 11-14 Aug. 2017, M.Pierce leg.; Wetland, Pitfall; IBBL ANT-
WEB1017019, ANTWEB1009760. « 1 worker; Hong Kong SAR, Lion Rock;
22.357,114.17504; 140 m a.s.l.; 15 Aug. 2017; R.H.Lee leg.; Secondary forest,
Pitfall trap; IBBL RHL03526. « 1 worker; Hong Kong SAR, Pak Tam Chung;
22.39474,114.32314; 70 m a.s.l.; 6 Sep. 2017; R.H.Lee leg.; Shrubland, Pitfall
trap; IBBL RHL03492. - 3 worker; Hong Kong SAR, Mai Po; 22.4849, 114.03298;
3ma.s.l; 12-15 Sep. 2017; M.Pierce leg.; Pitfall; IBBL ANTWEB1009693, ANT-
WEB1016943, ANTWEB1009657. - 2 worker; Hong Kong SAR, Mai Po; 22.4849,
114.03298; 3 m a.s.l; 12-15 Sep. 2017; M.Pierce leg.; Pitfall; IBBL ANT-
WEB1009657, ANTWEB1009713. « 1 worker; Hong Kong SAR, Mai Po; 22.49413,
114.04014; 3 m a.s.l.; 26—-29 Sep.2017; M.Pierce leg.; Pitfall; IBBL ANT-
WEB1009710. « 4 workers; Hong Kong SAR, Mai Po; 22.49473,114.03919; 3 m
a.s.l.; 26—-29 Sep.2017; M.Pierce leg.; Pitfall; IBBL ANTWEB1009614, ANT-
WEB1009688, ANTWEB1009616, ANTWEB1009783. « 1 worker; Hong Kong
SAR, Mai Po; 22.49413, 114.04014; 3 m a.s.l.; 26—29 Sep.2017; M.Pierce leg,;
Pitfall; IBBL ANTWEB1009782. «+ 2 worker; Hong Kong SAR, Tung Ping Chau;
22.5382,114.4365; 30 m a.s.l.; 2 Oct. 2017; R.Cheung & B.Morgan leg.; Winkler
leaf litter Ex; HKBM MBS011433, MBS011434. « 1 worker; Hong Kong SAR,
Tung Ping Chau; 22.5443,114.4317; 1 m a.s.l.; 2 Oct. 2017; R.Cheung & B.Mor-
gan leg.; Winkler leaf litter Ex; HKBM MBS011435. « 2 worker; Hong Kong SAR,
Penny’s Bay; 22.32588, 114.03384; 22 m a.s.l.; 10—13 Oct.2017; M.Pierce leg.;
Pitfall; IBBL ANTWEB1009781, ANTWEB1017072. - 1 worker; Hong Kong SAR,
Kam Shan Country Park; 22.3562, 114.15167; 170 m a.s.l; 18 Oct. 2017;
R.Cheung leg.; Winkler leaf litter Ex; HKBM MBS011436. « 2 worker; Hong Kong
SAR, Penny’s Bay; 22.32719, 114.0336; 21 m a.s.l.; 23-26 Oct.2017; M.Pierce
leg.; Pitfall; IBBL ANTWEB1016974, ANTWEB1017001. « 2 worker; Hong Kong
SAR, Lung Fu Shan; 22.279, 114.1361; 242 m a.s.l.; 20 Jun. 2019; K.Chan leg.;
IBBL ANTWEB1010118, ANTWEB1010119. « 3 worker; Hong Kong SAR, Luk
Keng Chan Uk; 22.5183, 114.2187; 10 m a.s.l,; 5 Aug. 2020; R.Wang leg.; IBBL
RWB1239, RWB1240, RWB1241. « 1 worker; Hong Kong SAR, Mai Po; 22.47912,
114.03847; 5 m a.s.l;; 18 Aug. 2021; T.Bogar leg.; Grassland, Pitfall; IBBL ANT-
WEB1010207. - 1 worker; Hong Kong SAR, Mai Po; 22.4801, 114.03814; 5 m
a.s.l.; 18 Aug. 2021; T.Bogar leg.; Grassland, Pitfall; IBBL ANTWEB1010208. - 2
worker; Hong Kong SAR, Lok Ma Chau; 22.51093, 114.0652; 5 m a.s.l.; 2 Sep.
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2021; T.Bogar leg.; Grassland, Pitfall; IBBL ANTWEB1010210. ¢ 1 worker; Hong
Kong SAR, Lok Ma Chau; 22.51106, 114.0656; 5 m a.s.l.; 2 Sep. 2021; T.Bogar
leg.; Grassland, Pitfall; IBBL ANTWEB1010211. -+ 3 worker; Hong Kong SAR, Lok
Ma Chau; 22.51093, 114.0652; 5 m a.s.l.; 2 Sep. 2021; T.Bogar leg.; Grassland,
Pitfall; IBBL ANTWEB1010212, ANTWEB1010214, ANTWEB1010219. * 1 work-
er; Hong Kong SAR, Lok Ma Chau; 22.51106, 114.0656; 5 m a.s.l.; 2 Sep. 2021;
T.Bogar leg.; Grassland, Pitfall; IBBL ANTWEB1010221. « 1 worker; Hong Kong
SAR, Wetlands Park; 22.47236, 114.00401; 1 m a.s.l.; 7 Sep. 2021; A. |. Wee-
maels & M.T.Hamer leg.; Wetlands, Winkler leaf litter Ex; IBBL WPT1T2W2-7. « 1
worker; Hong Kong SAR, Mai Po; 22.47957,114.03742; 5m a.s.l.; 14 Sep. 2021,
T.Bogar leg.; Grassland, Pitfall; IBBL ANTWEB1010206. « 1 worker; Hong Kong
SAR, Lok Ma Chau; 22.51076, 114.06466; 5 m a.s.l.; 16 Sep. 2021; T.Bogar leg.;
Grassland, Pitfall; IBBL ANTWEB1010217. ¢ 1 worker; Hong Kong SAR, Lok Ma
Chau; 22.51076, 114.06466; 5 m a.s.l.; 16 Sep. 2021; T.Bogar leg.; Grassland,
Pitfall; IBBL ANTWEB1010218. « 1 worker; Hong Kong SAR, Lok Ma Chau;
22.51057, 114.06412; 5 m a.s.l.; 16 Sep. 2021; T.Bogar leg.; Grassland, Pitfall;
IBBL ANTWEB1010220. « 2 worker; Hong Kong SAR, Lok Ma Chau; 22.51038,
114.06371; 5 m a.s.l.,; 28 Sep. 2021; T.Bogar leg.; Grassland, Pitfall; IBBL ANT-
WEB1010213, ANTWEB1010215. « 1 worker; Hong Kong SAR, Lok Ma Chau;
22.51176, 114.06592; 5 m a.s.l.; 29 Sep. 2021; T.Bogar leg.; Grassland, Pitfall;
IBBL ANTWEB1010216. + 1 worker; Hong Kong SAR, Mai Po; 22.48365,
114.03868; 5 m a.s.l;; 2 Oct. 2021; T.Bogar leg.; Grassland, Pitfall; IBBL ANT-
WEB1010209. « 1 worker; Hong Kong SAR, Cheng Chau Island; 22.19814,
114.0199; 20 m a.s.l.; 25 Nov. 2021; M.T.Hamer leg.; Garden, ex. Decay wood;
IBBL MTH635. « 1 worker; Hong Kong SAR, Fung Kong; 22.51322, 114.0937,
30 m a.s.l; 18 May. 2022; A. I. Weemaels leg.; Young secondary forest, Winkler
leaf litter Ex; IBBL FK1T2WS5-1. « 2 workers; Hong Kong SAR, Fanling Golf Course;
22.49009, 114.10847; 54 m a.s.l.; 23—-25 May. 2022; A. |. Weemaels & M.T.Ham-
er leg.; Old secondary forest, Pitfall trap; IBBL FGE1SQ2PF4-1. + 1 worker; Hong
Kong SAR, Wai Tsai; 22.48284,114.06153;29 m a.s.l.; 29 Jun. 2022; M.T.Hamer
leg.; Vacuum; IBBL WT2SQ1GVAC3-1. « 1 worker; Hong Kong SAR, Fung Kong;
22.5322,114.0937; 47 m a.s.l.; 25 Jul. 2022; A. I. Weemaels & M.T.Hamer leg.;
Young secondary, Winkler leaf litter Ex; IBBL FK3GC7-17. « 1 worker; Hong Kong
SAR, Tai Po Kau Headland; 22.43841, 114.19261; 45 m a.s.l; 18 Aug. 2022;
M.T.Hamer leg.; Old secondary forest, Log Sift; IBBL TPK4GC16-1. + 1 worker;
Hong Kong SAR, Tai Po Kau Headland; 22.43471, 114.19264; 52 m a.s.l.; 18
Aug. 2022; M.T.Hamer leg.; Old secondary forest, Log Sift; IBBL TPK4GC17-4. *
2 worker; Hong Kong SAR, Tai Po Kau Headland; 22.43841, 114.19261; 45 m
a.s.l.; 18—-24 Aug.2022; M.T.Hamer & T.S.R.Silva leg.; Old secondary forest, Pit-
fall trap; IBBL TPK4SQ1PF4-8, TPK4SQPF1-9. « 4 workers; Hong Kong SAR, Tai
Mo Shan; 22.40346, 114.1068; 464 m a.s.l.; 26 Aug. 2023; M.T.Hamer leg.; Sec-
ondary forest, ex. Decay wood; IBBL MTH159. « 5 workers; Hong Kong SAR,
Lantau; 22.25157,113.9407; 273 m a.s.l.; 28 Aug. 2023; M.T.Hamer leg.; Young
secondary, ex. Decaying log; IBBL MTH214. « 1 worker; Hong Kong SAR, Lantau;
22.2516,113.94070; 273 m a.s.l; 28 Aug. 2023; M.T.Hamer leg.; Young second-
ary forest, ex. Nest; IBBL MTH192. « 5 workers; Hong Kong SAR, Shui Hau;
22.2149,113.91580 56 m a.s.l; 31 Aug. 2023; M.T.Hamer leg.; un. Log & ex. Sail,
Young secondary forest IBBL MTH271. « 5 worker; Hong Kong SAR, Tai Mo
Shan; 22.40403, 114.10691; 471 m a.s.l.; 03 Sep. 2023; M.T.Hamer leg.; sec-
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ondary forest, ex. Decaying log; IBBL MTH275. « 1 worker; Hong Kong SAR,
Guilford Road; 22.2649, 114.16690; 380 m a.s.l.; 05 Sep. 2023; C.Y.L.Tse leg.;
urban green space, ex. Nest; IBBL MTH363. « 5 workers; Hong Kong SAR, Fan-
ling Golf Course; 22.4915,114.11977; 40 m a.s.l.; 27 Sep. 2023; M.T.Hamer leg.;
Old secondary forest, un. Log & ex. Soil; IBBL MTH621.

Leptogenys rufida Zhou et al., 2012
Figs 2A, 3A, C, 18, 21D
new record

Leptogenys rufida Zhou et al., 2012: 891, figs 4-6 (w.) China (Guangxi).

Ergatoid description. With characters of worker but head more square, not as
long as in worker. Clypeus terminating in less convex point apically. Propodeum
shorter; convex in lateral view. Petiole nodiform, distinctly higher than long in
lateral view; wider than long in dorsal view; anterior margin straight in lateral
view. Metasomal segments IlI-VII enlarged, segment Ill distinctly wider than
petiole. Same colour as the worker (Zhou et al. 2012).

Measurements. Workers (n = 8): HL 0.93-1.01; HLL 0.76-0.8; HLA 0.18-
0.21; HW 0.64-0.67; CML 0.19-0.21; SL 0.84-0.92; All 0.17-0.19; AFI 0.13-
0.15;AF110.12-0.14;EL0.16-0.18; ML 0.45-0.46; PrL 0.53-0.6; PrH 0.38-0.44;
PrW 0.56-0.59; WL 1.38-1.49; PeL 0.46-0.51; PeH 0.42-0.56; PeW 0.35-0.42;
DPL 0.42-0.48; Cl 64.29-68.17; CLI1 19.36-22.51; Sl 129.66-141.82; 01 20.78~-
23.37;LP182.61-114.29; DPI1 76.76—-90.83.

Ergatoid paratype (n = 1): HL 1.04; HLL 0.78; HLA 0.21; HW 0.74; CML 0.25;
SL 0.89; All 0.18; AF1 0.14; AFI1 0.13; EL 0.19; ML 0.52; PrL 0.66; PrH 0.45; Prw
0.61; WL 1.5; PeL 0.43; PeH 0.61; PeW 0.5; DPL 0.25; Cl 71.22; CLI 23.77; SI
120.41; Ol 24.55; LPI 141.92; DP1 202.01.

Morphology. Little to no variation is detected with the specimens examined,
other than subtle differences in the development of the longitudinal ribbing across
the mesonotal notch, however in no specimens was this character absent.

Comparative notes. Leptogenys rufida is the smallest Leptogenys known
from Hong Kong (WL 1.38-1.48) and is further recognisable by the following
combined morphological characters; subquadrate petiole with a broadly round-
ed anterodorsal corner, rugose meso- and metapleural, head dorsum punctate,
with relatively small eyes (EL 0.16—0.18). This species could be mistaken for L.
grohli due to the ribbing across the notopropodeal sulcus, punctate head dor-
sum and small eyes, but L. rufida is smaller, with a more sculptured meso- and
metapleural, and flagellomere segment | is as long as flagellomere segment I,
shorter clypeal median lobe length (CML 0.19-0.21), and a petiole that is as
high as long in lateral view (LPI 82.61-114.29), and as wide as long in dorsal
view (DP176.76-90.83).

Across the Indochinese Leptogenys fauna, L. rufida is most similar to mem-
bers of the L. zhuangzii species group (L. mengzii Xu, 2000, L. laozii Xu, 2000,
and L. zhuangzii Xu, 2000), and can be differentiated by the following combined
characters; petiole in lateral view as long as high, anterodorsal margin distinctly
convex, sculptured meso- and metapleural, and red colour. Leptogenys rufida and
L. confucii can be differentiated by the triangular shaped petiole of L. confucii,
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Figure 18. Leptogenys rufida (RHL01259) and ergatoid (ANTWEB1010234) A worker in lateral view B worker in dorsal
view C worker in head in full face view D ergatoid in lateral view E ergatoid in lateral view and F ergatoid in dorsal view.

the smaller eyes in L. rufida and the densely sculptured meso- and metapleural
of L. confucii.

Distribution. Leptogenys rufida is known from China only, including the Chinese
provinces of Guangxi, Yunnan, Zhejiang and now Hong Kong SAR (Zhou et al.
2012; Xu and He 2015). To our knowledge, this species is not reported from other
southern Chinese provinces but considering the gap in records between Yunnan,
Guangxi and Zhejiang, it seems likely to be found in Guangdong and Fujian.

Ecology. Records for L. rufida in Hong Kong are sparse, but when collected
it has occurred predominantly within pitfall traps, leaf litter samples and hand
collection events (predominantly within leaf litter or soil) from secondary forest
habitats. Two colony collections are known from Hong Kong. One colony was
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located within a half-soil filled metallic pipe buried within leaf litter, consisting of
~ 20 workers and one ergatoid queen, but was not collected. A second nest was
located beneath a small rock, with the colony located ~ 4-5 cm below the upper
soil layer (MTH403). The colony consisted of one male, one ergatoid, and nine
workers. In addition, the latter colony was retained for dietary assessment with
workers responding and feeding upon isopods and termites. Foraging workers
in the latter colony’s collection locality were observed moving within leaf litter,
with one worker returning with an isopod held ventrally between the legs.

Material examined. Workers (n = 13): CHINA - 1 worker; Hong Kong SAR, Pok
Fu Lam; 26 Jun. 1993; J.R.Fellowes leg.; HKBM MBS015252. « 1 worker; Hong
Kong SAR, Tai Mo Shan, Central NT; 20 Aug. 1993; J.R.Fellowes leg.; HKBM
MBS015253. « 1 worker; Hong Kong SAR, Tai Po Kau; 20 May. 1993; J.R.Fellowes
leg.; HKBM MBS015251. « 1 worker; Hong Kong SAR, The Peak; 24 Sep. 1993;
J.R.Fellowes leg.; IBBL MBS006585. « 1 worker; Hong Kong SAR, Castle Peak;
22.38993, 113.95493; 426 m a.s.l.; 30 Jun. 2015; R.H.Lee leg.; Secondary forest,
Pitfall trap; IBBL RHLO1259. + 1 worker; Hong Kong SAR, Lin Fa Shan; 22.3956,
114.0885; 480 m a.s.l; 15 Jul. 2016; R.H.Lee leg.; Plantation, Pitfall trap; IBBL
RHL003291. « 1 worker; Hong Kong SAR, Guildford Road; 22.26715, 114.16248;
280 m a.s.l; 18 Apr. 2018; C.Y.L.Tse leg.; Hand collection. Leaf litter; IBBL AN-
TWEB1010123. < 4 workers; Hong Kong SAR, Tai Mo Shan; Kap Lung Forest
Trail; 22.41088, 114.10451; 450 m a.s.l;; 3 Sep. 2023; M.T.Hamer leg.; Second-
ary forest, un. Rock; IBBL MTH403, ANTWEB1010205, ANTWEB1010232, ANT-
WEB1010233, ANTWEB1010234. « 1 worker; Hong Kong SAR, Tai Mo Shan; Kap
Lung Forest Trail; 22.41088, 114.10451; 450 m a.s.l.; 17 Sep. 2023; M.T.Hamer
leg.; Secondary forest, Gen. forager; IBBL ANTWEB1010202. « 1 worker; Hong
Kong SAR, Tai Mo Shan; Kap Lung Forest Trail; 22.41088,114.10451; 450 ma.s.l;
17 Sep. 2023; M.T.Hamer leg.; Secondary forest, Winkler; IBBL ANTWEB1010179.

Paratype ergatoid (n = 1): CHINA * 1 ergatoid; Hong Kong SAR, Tai Mo Shan;
Kap Lung Forest Trail; 22.41088,114.10451; 450 m a.s.l.; 3 Sep. 2023; M.T.Ham-
er leg.; Secondary forest, un. Rock; IBBL ANTWEB1010234.

Leptogenys strena Zhou, 2001
Figs 4A, 19, 21E
new record

Leptogenys strena Zhou, 2001a: 40, 229, figs 39, 40 (w.) China (Guangxi).

Measurements. Workers (n = 8): HL 1.39-1.47; HLL 1.16-1.23; HLA 0.23-0.31;
HW 1.16-1.25; CML 0.21-0.26; SL 1.08-1.18; All 0.2-0.25; AF1 0.18-0.22; AFII
0.15-0.19; EL 0.19-0.23; ML 0.72-0.8; PrL 0.85-0.95; PrH 0.59-0.64; PrwW
0.82-0.99; WL 2.18-2.37; PeL 0.34-0.5; PeH 0.72-0.78; PeW 0.46-0.54; DPL
0.2-0.28; Cl 82.86—87.03; CLI 15.38-17.74; S| 91.44-97.06; Ol 16.6-18.83;
LPI 144.33-216.28; DPI 166.19-249.29.

Morphological variation. Upon examination of five specimens from the only
collection locality in Hong Kong, it was noted that the number of teeth on the
masticatory margin are not consistent but were always between three and five.
Teeth were either conspicuous or barely discernible from the mandible margin,
suggesting these teeth might be worn down and, or broken. A distinct diastema
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Figure 19. Leptogenys strena (ANTWEB1010114) A lateral view B dorsal view C head in full face view.

between the basal tooth and fourth tooth was, however, always present. The util-
ity of teeth count as a differentiable and diagnosable character should likely be
treated with caution unless combined with additional less variable characters.

Comparative notes. Leptogenys strena is immediately recognisable within
the Leptogenys of Hong Kong by the combined characters of small anteriorly
positioned eyes, a subquadrate head, triangular mandibles with 3-5 teeth on
the masticatory margin, and a distinctly red body colouration. Within the wider
Leptogenys fauna of China, L. strena is most similar to L. lucidula Emery, 1895
and can be differentiated by the rounded posteroventral corner of the subpet-
iolar process, fewer teeth on the masticatory margin and the species overall
larger size.

Distribution. This species is so far only known from China, including Guangxi
(type locality), Hunan, and Guangdong, and Hong Kong SAR (Zhou et al. 2012;
Xu and He 2015). Absence from other southern Chinese provinces is likely at-
tributable to sampling effort.

Ecology. Next to nothing is known about the ecology of L. strena. Specimens
from Hong Kong are known only from Sunset Peak, Lantau Island. One collec-
tion was by J. R. Fellowes in 1992, and another in 2023 by A. Reshchikov using
a ground SLAM trap, which was positioned in a tiny fragment of forest near the
top of the mountain which yielded one further specimen. Further sampling ef-
forts by members of Insect Biodiversity and Biogeography Laboratory have yet
to collect additional specimens from this locality and from Hong Kong at large.
The species’ small eyes might suggest leaf litter and/or nocturnal foraging.
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Figure 20. Distribution maps of Leptogenys species recorded from Hong Kong A L. binghamii B L. diminuta C L. grohli
D L. kitteli. The base map displayed shows tree canopy cover with the darker green areas indicating greater tree cover.

Material examined. Workers (n = 13): CHINA « 8 workers; Hong Kong SAR,
Lantau, Sunset Peak; 8 Oct. 1996; J.R.Fellowes leg.; HKBM MBS015294,
MBS006591, MBS006592, ANTWEB1010116, ANTWEB1010115, ANT-
WEB1010114, ANTWEB1010167, ANTWEB1010166. * 4 workers; Guangdong
Prov., Bai Yong; 3 May. 1998; J.R.Fellowes leg.; HKBM ANTWEB1010177, ANT-
WEB1010178, MBS006593. « 1 worker; Hong Kong SAR, Sunset Peak; 22.26104,
113.96683; 625 ma.s.l.; 06—25 May 2023; A. Reshchikov leg.; Secondary forest,
SLAM ground; IBBL ANTWEB1010228.

Discussion

Considering the relatively small geographical size (1100 km?), the genus Leptog-
enys is surprisingly rich in Hong Kong. Nine species are now recorded, including
one new species, L. grohli sp. nov. Hong Kong is now the third most diverse region
for this genus across Mainland China and Taiwan even with additional species
provided for Guangdong, a considerably larger Mainland Chinese province (Ta-
ble 1). Such low diversity for Guangdong, as well as Fujian and the more tropical
Chinese Province of Hainan (Table 1), is undoubtedly attributable to limited sam-
pling and taxonomic efforts, and is unlikely to reflect true biodiversity patterns.
The lack of regional knowledge, especially for a large, mostly epigaeic, genus
such as Leptogenys, indicates our lack of knowledge regarding the biodiversity
of this region, a pattern also observed in other recently reviewed ant genera (e.g.,
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Figure 21. Further distribution maps of Leptogenys species recorded from Hong Kong A L. kraepelini B L. laeviterga C L.
peuqueti D L. rufida E L. strena. The base map displayed shows tree canopy cover with the darker green areas indicating
greater tree cover.

Polyrhachis: Wong and Guénard 2021; Ponera: Leung et al. 2023; Stigmatomma
and Prionopelta: Hamer et al. 2023a; Strumigenys: Tang and Guénard 2023).
Species of Leptogenys are predominately collected via pitfall trapping and
hand collection, with fewer known from Winkler samples, at least from Hong
Kong. This is likely a result of their more epigaeic, nomadic, and nocturnal na-
ture, at least for a few species. Some species seem to be locally rare, including
L. rufida, L. strena, and L. laeviterga, which are known from just a few localities.
Leptogenys strena and L. laeviterga are known from a single locality from Sunset
Peak, Lantau Island, and Tai Mo Shan, New Territories. Considering the sampling
effort carried out across Hong Kong, comprising thousands of pitfall traps, Win-
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Table 1. Distributional checklist of the Leptogenys species for the provinces of Mainland China and Taiwan. NR indicates

new records presented in this study.

g < 3 2 = o
Species g !':m % '§ g % 'g g % % g § g g %‘
= fg 88 T 5T TS =25 I -
Leptogenys binghamii Forel, 1900 v NR v
Leptogenys birmana Forel, 1900 v v
Leptogenys chinensis (Mayr, 1870) VI v v Y v v vV v
Leptogenys confucii Forel, 1912 v
Leptogenys crassicornis Emery, 1895 v
Leptogenys davydovi Karavaiev, 1935 v
Leptogenys diminuta (F. Smith, 1857) v I vV v Y v v v
Leptogenys grohli Hamer et al., sp. nov. NR v
Leptogenys hainanensis Chen et al., 2024 v
Leptogenys hezhouensis Zhou, 2001 v
Leptogenys huapingensis Zhou, 2001 v
Leptogenys kitteli (Mayr, 1870) v v v v v v v v v v v v v
Leptogenys kraepelini Forel, 1905 v v
Leptogenys laeviterga Zhou et al., 2012 v NR
Leptogenys laozii Xu 2000 v v
Leptogenys lucidula Emery, 1895 v
Leptogenys mengzii Xu 2000 v v
Leptogenys pangui Xu, 2000 v
Leptogenys peuqueti (André, 1887) v v v v v v v v v v
Leptogenys processionalis (Jerdon, 1851) v
Leptogenys punctiventris (Mayr, 1879) v
Leptogenys rufida Zhou et al., 2012 v NR v v
Leptogenys strena Zhou, 2001 NR | V NR v
Leptogenys sunzii Xu & He, 2015 v
Leptogenys yandii Xu & He, 2015 v
Leptogenys zhoui Chen et al., 2024 v

Leptogenys zhuangzii Xu, 2000
Total

kler samples and hand searching events, it is surprising that more material from
more localities has not been collected, suggesting that both species are scarce.

Although Xu and He (2015) provided a comprehensive review of the genus
in the Oriental region, much is yet to be understood about the taxonomy of the
genus in Asia. For example, several species groups have been proposed, based
upon limited morphological evidence (but see Arimoto 2017; Arimoto and Ya-
mane 2018). Moreover, several species complexes (e.g., those of L. diminuta, L.
kitteli, and L. kraepelini) exist within the region (Wilson 1958; Xu and He 2015). In
addition, many regions lack sampling efforts including West and East Malaysia,
Vietnam, Laos, and Cambodia. Thus, with known uncertain species groups, new
species to science, unsorted species complexes, and lack of regional revisions,
the Leptogenys is clearly in desperate need of greater taxonomic attention.
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Abstract

In the subfamily Triatominae, the genus Rhodnius is one of the most studied, not only
because of its epidemiological importance, but also because of the difficulty in differ-
entiating its species. Currently, one of the strategies to control Chagas disease, besides
other initiatives such as the analysis of donated blood, is focused on fighting the vec-
tor. Correctly identifying triatomines is essential for the entomoepidemiological surveil-
lance of Chagas disease. The objective of the present work was to compare the species
of the R. prolixus complex using geometric morphometry of hemelytra and heads to
evaluate the patterns of intraspecific and interspecific allometry and their taxonomic
implications. This method can help in the diagnosis of close species, whose morpho-
logical characteristics are insufficient for correct identification. Specimens from five dif-
ferent collections were used, covering the species included in the R. prolixus complex
(R. barretti, R. dalessandroi, R. domesticus, R. marabaensis, R. milesi, R. montenegrensis,
R. nasutus, R. neglectus, R. neivai, R. prolixus and R. robustus). Morphometric analyses
indicated that the hemelytra are not structures with good resolution for separating spe-
cies and, for this reason, the use of the heads proved to be more adequate for this group
(thus allowing differentiation of all species of the R. prolixus complex). The results sug-
gest that R. milesi is a variant of R. neglectus and confirms that R. prolixus and R. robus-
tus are distinct species. Furthermore, we propose the creation of the R. neivai complex
comprising R. domesticus and R. neivai.

Key words: Chagas disease, entomological collections, Rhodnius nasutus, R. neivai
complex, taxonomy, vector

Introduction

Chagas disease is endemic to, and one of the most serious diseases in Latin
America, with the number of cases still underreported (Dumonteil and Herrera
2017; Nascimento et al. 2019). Despite having several forms of transmission,
including an increase in cases related to oral transmission, the classical form
of transmission is through the infected excrements of insect vectors of the
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subfamily Triatominae (Hemiptera: Reduviidae) infected with the parasite
Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae)
(Dias and Schofield 1999; Schmunis 1999; de Fuentes-Vicente et al. 2023).
Triatominae currently includes five tribes, 18 genera and 160 species (Poinar
2019; Alevi et al. 2020; Téllez-Renddn et al. 2023; Zhao et al. 2023), among
which the tribes Triatomini and Rhodniini have major epidemiological relevance
(Lent and Wygodzinsky 1979; Galvao et al. 2003; Vallejo et al. 2009).

Rhodniini is composed of the genera Rhodnius Stal, 1859 and Psammolest-
es Bergroth, 1911. Rhodnius is one of the best studied genera, not only for its
epidemiological significance, but also for the difficultly in distinguishing its
species and/or defining species limits (Lent and Jurberg 1969; Lent and Wy-
godzinsky 1979; Coutinho 2013). It is well characterized by the insertion of its
antennae on the distal portion of the head and by the presence of post-ocular
callosities, but its species are difficult to differentiate morphologically although
they are genetically distinct (Neiva and Pinto 1923; Lent 1948; Pavan and Mon-
teiro 2007; Coutinho 2013; Zhao et al. 2021). Despite the existence of identifi-
cation keys, e.g., Lent and Wygodzinsky (1979) and Galvao and Dale (2014), the
differentiation of these species is still a major obstacle. At present, there are
21 species considered as valid that are grouped into three complexes follow-
ing molecular phylogenies based on different sequences (16S mitochondrial
rDNA, cytochrome b (Cytb) and 28S nuclear rRNA): R. pallescens, R. pictipes
and R. prolixus (Table 1) (Maia da Silva et al. 2004; Zhao et al. 2021).

Table 1. Rhodnius species complexes according to Zhao et al. (2021).

Complex Species

Rhodnius prolixus Rhodnius barretti Abad-Franch, Palomeque & Monteiro, 2013
Rhodnius dalessandroi Carcavallo & Barreto, 1976
Rhodnius domesticus Neiva & Pinto, 1923
Rhodnius milesi Carcavallo, Rocha, Galvao & Jurberg, 2001
Rhodnius marabaensis dos Santos Souza et al., 2016
Rhodnius montenegrensis da Rosa et al., 2012
Rhodnius nasutus Stal, 1859
Rhodnius neglectus Lent, 1954
Rhodnius neivai Lent, 1953
Rhodnius prolixus Stal, 1859
Rhodnius robustus Larrousse, 1927

Rhodnius pictipes Rhodnius amazonicus Almeida, Santos & Sposina, 1973
Rhodnius brethesi Matta, 1919
Rhodnius micki Zhao, Galvao & Cai, 2021
Rhodnius paraensis Sherlock, Guitton & Miles, 1977
Rhodnius pictipes Stal, 1872
Rhodnius stali Lent, Jurberg & Galvao, 1993
Rhodnius zeledoni Jurberg, Rocha & Galvao, 2009

Rhodnius pallescens Rhodnius colombiensis Mejia, Galvao & Jurberg, 1999
Rhodnius ecuadoriensis Lent & Ledn, 1958

Rhodnius pallescens Barber, 1932
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The Rhodnius prolixus complex was, initially, erected by Carcavallo et al.
(2000) with the species R. domesticus, R. nasutus, R. neglectus, R. prolixus and
R. robustus. Zhao et al. (2021) updated the complexes using molecular data,
geographical distribution patterns and morphometric analyses. As a result, the
number of species belonging to the R. prolixus complex was increased from
five to eleven, adding to the previous species: R. barretti, R. dalessandroi, R. mar-
abaensis, R. milesi, R. montenegrensis and R. neivai.

Currently, one of the strategies to control the disease, besides other initiatives
such as the analysis of donated blood, is focused on fighting the vector, making the
correct identification of triatomines essential for the entomoepidemiological sur-
veillance of Chagas disease (The Pan American Health Organization 2023). Stud-
ies demonstrate the importance of using other techniques for the identification of
species, especially close ones, in triatominae taxa (Gurgel-Gongalves et al. 2011;
Depickere et al. 2020). Over the years, research using new approaches to species
differentiation have been published, such as the study of genitalia (e.g., Lent and
Jurberg 1969), analysis of the exochorion of eggs (e.g., Barata 1981), description
of nymphs (e.g., Rocha et al. 2005), scanning electron microscope (e.g., da Rosa
et al. 2014), morphometry (e.g., Gurgel-Gongalves et al. 2008), isoenzyme analy-
ses (e.g., Dujardin et al. 1999), cytogenetics (e.g., Ravazi et al. 2021), matrix-as-
sisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF
MS) (Souza 2020), transcriptome (de Carvalho et al. 2017), and more recently DNA
analyses (e.g., Montiel et al. 2021). However, even with the advancement of these
tools, some species still do not show enough characters for easy diagnosis (Mon-
teiro et al. 2000; Fornel and Cordeiro-Estrela 2012; Coutinho 2013).

The objective of the present work is to compare the species of the R.
prolixus complex using geometric morphometry of hemelytra and heads to
evaluate the patterns of intraspecific and interspecific allometry and their
taxonomic implications.

Material and methods
Species samples

The specimens used in the study are from five distinct entomological collections:

Colegédo de Triatomineos do Instituto Oswaldo Cruz (CTIOC), of the Laboratério
Nacional e Internacional de Referéncia em Taxonomia de Triatomi-
neos (LNIRTT), FIOCRUZ, Rio de Janeiro, Brazil;

Colegdo Entomoldgica do Instituto Oswaldo Cruz (CEIOC), Laboratério de Ento-
mologia (LABE), FIOCRUZ, Rio de Janeiro, Brazil;

Entomological collection of the Museum fiir Naturkunde - Leibniz Institute for
Evolution and Biodiversity Science, Berlin, Germany;

Colegéo de Triatominae Dr. José Maria Soares Barata, Faculdade de Ciéncias
Farmacéuticas, UNESP, Araraquara, Sao Paulo, Brazil;

Colegdo do Centro de Pesquisa René Rachou (CPqRR), FIOCRUZ, Minas Gerais,
Brazil. (Suppl. material 1).

For taxonomic identification of adults, the dichotomous keys from Galvao
and Dale (2014) were used.
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Image acquisition and data analysis

The hemelytra and the heads of specimens belonging to 11 valid species be-
longing to the Rhodnius prolixus complex were photographed using the Leica
Automounting Magnifier (DMC 2900): R. barretti, R. dalessandroi, R. domesticus,
R. marabaensis, R. milesi, R. montenegrensis, R. nasutus, R. neglectus, R. neivai,
R. prolixus and R. robustus (Fig. 1).

Geometric morphometric analysis

In this study, the geometric morphometry method was employed. The tech-
nique involved utilizing previously acquired images and the TPSdig software
ver. 2.31 (Rohlf 2005). Following the method of Dujardin (2019), eight type |
landmarks were selected on the hemelytra (except for R. barretti due to the
lack of specimens in the collections) and ten on the heads of each specimen
of the R. prolixus complex (Fig. 2A, B) (Suppl. material 2). According to Dujardin
(2019), type | landmarks “may be considered as anatomical points or patches
recognizable from one individual to another”. All landmarks used were identi-
fied as regions where structural features converge.

Figure 1. Habitus, dorsal view of A Rhodnius barretti B Rhodnius dalessandroi C Rhodnius domesticus D Rhodnius mar-
abaensis E Rhodnius milesi F Rhodnius montenegrensis G Rhodnius nasutus H Rhodnius neglectus | Rhodnius neivai
J Rhodnius prolixus K Rhodnius robustus. Scale bars: 5 mm.

A I B

Figure 2. Landmarks in A hemelytra of R. domesticus and B head of R. prolixus.
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Data transformation and analysis

Using TPSrelw software ver. 1.75 (Rohlf 2005), the data were transformed into
numerical coordinates and stored as weighted matrix in an NTS format. Once
the matrix was generated, the centroid size, as well as the X and Y uniform com-
ponents, were calculated for each specimen, following the method outlined by
(Coutinho 2017). The X and Y coordinate landmarks underwent Procrustes
superimposition (Bookstein 1991), followed by Thin Plate Spline analysis, and
subsequently a discriminant analysis. Multivariate analyses and factorial maps
were constructed using JMP software ver. 17 (Institute 2000).

Multivariate analysis and software

The data underwent a multivariate principal component analysis (PCA) to show
the variability of shapes within the genus, constructing a factor map. Subsequent-
ly, the covariance matrix generated by Procrustes coordinate analysis and a multi-
variate analysis of variance (MANOVA) were conducted to assess shape variation.
Species relationships were determined by canonical components (CVA), which
can be useful to find shape features and to distinguish the groups of species
included in the complex. The statistical tests (including Wilks' Lambda, Pillai’s
Trace, Hotelling-Lawley and Roy’s Max Root) for both hemelytra and head analy-
ses were automatically performed using JMP. Using the same software, factorial
maps of principal and canonical components were generated, along with dendro-
grams employing Mahalanobis distances for cluster analysis of both structures.

Results
Geometric morphometry of hemelytra

Wilks’ lambda test for analysis of hemelytra size variation revealed significant
differences (p < 0.0001) among species (Table 2). PCA resulted in the sum of
the values of the first (PC1) and second (PC2) principal components equivalent
to 68% of the total shape variability (PC1 = 53.80% and PC2 = 14.20%).

In the plots it is possible to observe the distant distribution of each species. We
can see this kind of distribution on the PCA map (Fig. 3) where only R. robustus and
R. prolixus are overlapping. On the CVA map (Fig. 4), there is no species overlap.

The cluster analysis, using the mean distances between species (Mahalano-
bis distances), produced a dendogram (Fig. 5) that formed a group including
R. nasutus, R. marabaensis and R. domesticus, connected to R. neglectus and
R. dalessandroi; a group formed by R. prolixus and R. robustus connected to
R. montenegrensis; Rhodnius milesi and R. neivai as outgroup species.

Table 2. Statistical tests performed by JMP.

Test Value Approx. F NumDF DenDF Prob>F
Wilks’ Lambda 0.2901718 5.4757 36 503.9 <.0001
Pillai's Trace 0.9645573 4.8371 36 548 <.0001
Hotelling-Lawley = 1.6451934 6.0668 36 352.37 <.0001
Roy’s Max Root 0.977472 14.8793 9 137 <.0001
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Figure 3. Factorial map containing the principal components of the hemelytra where each
species is represented by circles. Brown — Rhodnius dalessandroi; Gray — Rhodnius domes-
ticus; red — Rhodnius marabaensis; orange — Rhodnius milesi; yellow — Rhodnius monteneg-
rensis; light green — Rhodnius nasutus; light blue — Rhodnius neglectus; dark green — Rhod-
nius neivai; lilac — Rhodnius prolixus; light pink = Rhodnius robustus (Suppl. material 2)
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Figure 4. Factorial map containing the canonical variation of the hemelytra where each
species is represented by circles. Brown — Rhodnius dalessandroi; gray — Rhodnius domes-
ticus; red — Rhodnius marabaensis; orange — Rhodnius milesi; yellow — Rhodnius monteneg-
rensis; light green — Rhodnius nasutus; light blue — Rhodnius neglectus; dark green — Rhod-
nius neivai; lilac — Rhodnius prolixus; light pink — Rhodnius robustus (Suppl. material 2).

Figure 5. Dendogram produced by hemelytra cluster analysis of the species of the Rhod-
nius prolixus complex, except Rhodnius barretti (Suppl. material 2).
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Head geometric morphometry

Wilk's Lambda test for head size variation analysis revealed significant differ-
ences (p < 0.0007) among species (Table 3). The PCA showed as a result the
sum of CP1 and CP2 values equivalent to 77% of the total shape variability
(CP1 =63.50% and CP2 = 13.50%).

Table 3. Statistical tests performed by JMP.

Test Value Approx. F NumDF DenDF Prob>F
Wilks’ Lambda 0.0180787 35.0464 40 745.06 <.0001
Pillai's Trace 2.0449084 20.8142 40 796 <.0001
Hotelling-Lawley 10.710766 52.1415 40 536.68 <.0001
Roy’s Max Root 6.5944871 131.2303 10 199 <.0001

The positioning of each species is observed in the factorial maps of the
PCA (Fig. 6) where we see a clear overlap between R. neglectus and R. neivai
Rhodnius prolixus appears distant from R. robustus and the group formed by
R. marabaensis, R. montenegrensis and R. barretti; Rhodnius domesticus ap-
pears as an outgroup species. On the CVA map (Fig. 7) we again see R. prolixus
distant from R. robustus and the group formed by R. barretti, R. marabaensis and
R. montenegrensis; Rhodnius domesticus appears again as an outgroup species.

I

pC2
®
+
_

PC1 63,5%
Figure 6. Factorial map containing the principal components of the head where each spe-
ciesisrepresented by circles. Brown — Rhodnius dalessandroi; gray — Rhodnius domesticus;
red — Rhodnius marabaensis; orange — Rhodnius milesi; yellow — Rhodnius montenegren-
sis; light green — Rhodnius nasutus; light blue — Rhodnius neglectus; dark green — Rhodnius
neivai; lilac = Rhodnius prolixus; light pink — Rhodnius robustus (Suppl. material 2).
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Figure 7. Factorial map containing the canonical components of the head where each spe-
cies is represented by circles. Brown — Rhodnius dalessandroi; gray — Rhodnius domesticus;
red — Rhodnius marabaensis; orange — Rhodnius milesi; yellow — Rhodnius montenegren-
sis; light green — Rhodnius nasutus; light blue — Rhodnius neglectus; dark green — Rhodnius
neivai; lilac — Rhodnius prolixus; light pink — Rhodnius robustus (Suppl. material 2).
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The cluster analysis using the mean distances among species generated a
dendogram (Fig. 8) that reinforces R. domesticus and R. neivai as outer groups.
In addition, we can visualize a group formed by two inner groups, the first being
a group including R. barretti, R. marabaensis, R. montenegrensis and R. robustus
and the second inserting R. dalessandroi close to R. nasutus and R. prolixus;
Rhodnius milesi is directly linked to R. neglectus.

Figure 8. Dendogram produced by head cluster analysis of the species of the Rhodnius
prolixus complex (Suppl. material 2).

Discussion

Despite advances in studies related to the taxonomy and systematics of Tri-
atominae, some species still lack sufficient characters for easy diagnosis, such
as those belonging to the genus Rhodnius (Monteiro et al. 2000; Fornel and
Cordeiro-Estrela 2012; Coutinho 2013). Although this genus is easily identified
using morphological characters, the differentiation of species is still a major
challenge (Neiva and Pinto 1923; Lent 1948; Galvao 2014). Due to their similar-
ities, Zhao et al. (2021) grouped the species of this genus into three complexes
according to their distribution: R. pallescens, R. pictipes and R. prolixus. The
R. pallescens group is considered as trans-Andean, found on the western side
of the Andes, while the R. pictipes is cis-Andean, distributed on the eastern side
of the Andes and also in the Amazon region. In the R. prolixus complex, ten
species (R. barretti, R. dalessandroi, R. domesticus, R. marabaensis, R. milesi,
R. montenegrensis, R. nasutus, R. neglectus, R. prolixus and R. robustus) are
distributed in the same cis-Andean region of the R. pictipes group, and only
R. neivai has trans-Andean populations (Filée et al. 2022).
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Some species in the R. prolixus complex are difficult to differentiate using only
morphological characters, which can lead to taxonomic conflicts (Filée et al.
2022). Gurgel-Gongalves et al. (2011) found in R. neglectus variations comparing
sylvatic and laboratory colonies. Some variations (e.g., size or chromatic) can
lead to misidentification, and occasionally to under-reporting of Chagas’ disease
transmission cases related to different species (Dias 2007; Dias et al. 2014). In
cases like those, when chromatic and size variations are significant, geometric
morphometry could be a useful method to differentiate species, as seen in Soto
Vivas et al. (2007), Gurgel-Gongalves et al. (2011), Abad-Franch et al. (2021) and
Cruz et al. (2023). In addition, geometric morphometry is an important method
in studies using specimens from entomological collections, in which molecular
analysis can sometimes be inefficient, as presented in Dale et al. (2013).

Lent and Wygodzinsky (1979), cited R. nasutus and R. neglectus as examples
of difficult differentiation, because their phenotypical similarities. The results of
head geometric morphometry shows a group formed by R. nasutus, R. dalessan-
droi and R. prolixus, corroborating the results of Coutinho (2013) who compared
the species of Rhodnius using the mitochondrial gene cytochrome oxidase |
(COI). Meanwhile, R. neglectus appears closely related to R. milesi, which was
described by Valente et al. (2001) as close to R. dalessandroi, despite its distant
geographical distribution. Coutinho (2013) used COlI to verify the great genetic
similarity between R. milesi and R. neglectus, the first being considered as a vari-
ant of the second. This result is also found in Monteiro et al. (2018), who used
Cytb and ITS-2 sequences. Despite the distribution of the two species in the
factorial maps, the relationships between R. neglectus and R. milesi found in the
dendogram generated by the heads, agree with those found by Coutinho (2013)
and Monteiro et al. (2018) in grouping these two species together.

The dendogram generated by cluster analysis of the head of R. dalessandroi,
described by Carcavallo and Barreto (1976) as close to R. brethesi (a species of
the R. pictipes complex), appear in the group next to R. nasutus and R. prolixus,
and next to a group formed by R. neglectus, R. nasutus, R. marabaensis and
R. domesticus. Rhodnius dalessandroi have little information in the literature,
with Lent and Wygodzinsky (1979) citing that “the published description and
illustrations of this Rhodnius are not sufficient to recognize it.”

The identification key from Lent and Wygodzinsky (1979) and Galvao and Dale
(2014), using external morphology, places R. robustus and R. prolixus as morpho-
logically similar species (which makes their identification difficult). Our analyses
of geometric morphometry of the heads showed that these two species are dis-
tinct. In fact, R. robustus is close to R. montenegrensis and R. prolixus close to R.
nasutus and R. dalessandroi. Although, in contrast Schofield and Dujardin (1999)
considered R. prolixus a species domiciliary adapted from a wild R. robustus lin-
eage; the results found in the present work agrees with Monteiro et al. (2003),
who reiterated that both species were independent taxa (analyzing Cytb), and
with Feliciangeli et al. (2007), who comparing the two species using geometric
morphometry of hemelytra, showed a possible wild origin of R. prolixus.

Monteiro et al. (2003) considered R. robustus a paraphyletic group and
formed by at least four cryptic species (represented by the author as lineages |,
Il, Il and V). De Carvalho et al. (2017) used transcriptomic analysis to demon-
strate that R. montenegrensis and R. robustus represented distinct species.

ZooKeys 1202: 213-228 (2024), DOI: 10.3897/zookeys.1202.108157 291



Ana Carolina P. C. Alvarez et al.: Morphometry of the species of the Rhodnius prolixus complex

Monteiro et al. (2018) suggested that lineage Il of R. robustus was described as
R. montenegrensis and lineage Il as R. marabaensis. On the other hand, Brito
et al. (2019), as well using transcriptomic analysis, observed that R. montene-
grensis would be genetically indistinguishable from a variant of R. robustus Il
(specimens from Bolivia, Brazil and Ecuador). Brito et al. (2019) also hypoth-
esized that the colonies used as a reference in the description of R. montene-
grensis were probably a mixture of colonies of R. prolixus and R. robustus. In
the present study, we verified that, in the geometric morphometry of the heads,
R. montenegrensis was not as close as expected to R. robustus and/or R. pro-
lixus in the bubble plot (factorial) map, but directly linked to R. robustus and
closely related to R. marabaensis and R. barretti in the dendogram. In the cluster
analysis using hemelytra, the species appear external to the group formed by
R. prolixus and R. robustus.

Both hemelytra and head geometric morphometry show R. neivai and R. do-
mesticus as outgroup species. These results corroborate those obtained by
Schofield and Dujardin (1999), Monteiro et al. (2000) and de Paula et al. (2007).
These species, considered ancient and isolated, are found geographically far
from others present in the R. prolixus complex. Rhodnius domesticus is com-
monly found in bromeliads of the Brazilian Atlantic Forest and the Rhodnius
neivai is found near the Andes Mountains (in Colombia and Venezuela) and in
the Maracaibo basin (Abad-Franch et al. 2009; Pita et al. 2013; Monteiro et al.
2018). This fact may justify why these species have such specific characteris-
tics and are located as outliers in the analyses. Carcavallo et al. (2000) cited
that R. domesticus had sufficient morphological characters to be considered a
separate taxon, while Monteiro et al. (2000) stated that R. neivai has no support,
based on Cytb sequences, to be associated with the R. prolixus complex. Scho-
field and Dujardin (1999) even proposed that R. neivai should be grouped with
the R. pictipes complex. Thus, according to the evidence found in the present
work and corroborating the results of Schofield and Dujardin (1999), Monteiro
et al. (2000) and de Paula et al. (2007), we suggest the removal of both species
from the R. prolixus complex and the establishment of a R. neivai complex com-
prising both, R. domesticus and R. neivai.

Comparing the graphical analysis of the hemelytra and recent published pa-
pers as Zhao et al. (2021), we observed that the results using this structure
do not always present an adequate resolution for separating the species as
expected reflecting molecular phylogeny, indicating that possibly this structure
has a lot of homoplasy and very similar morphologies. For this reason, the use
of heads to elucidate the differences seems to be more appropriate for this
group of species.

Conclusion

The use of different taxonomic methods (integrative taxonomy) is increasingly
important in taxonomic studies, especially when dealing with closely related
species (Alevi et al. 2020). Through geometric morphometry, it was possible
to define the morphometric profiles of the species belonging to the R. prolixus
complex using both structures, hemelytra, and heads (except for R. barretti, for
which it was not possible to analyze the hemelytra). Using this method, focusing
on the heads, it was possible to differentiate all the species used, which include
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R. barretti, R. dalessandroi, R. domesticus, R. marabaensis, R. milesi, R. montene-
grensis, R. nasutus, R. neglectus, R. neivai, R. prolixus, and R. robustus. These re-
sults suggest that R. milesi is indeed a variant of R. neglectus, emphasizing the
need for formal synonymization. They also propose the establishment of the
R. neivai complex (comprising the species R. domesticus and R. neivai) (Suppl.
material 3) and confirm that R. prolixus and R. robustus are distinct species.
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Abstract

A combination of morphological traits and DNA data (COI and 28S rRNA partial sequenc-
es) was used to study the genus Mongoloniscus Verhoeff, 1930 from China. Four new spe-
cies are described: M. crenatus Jiang, Li & Huang, sp. nov., M. orientalis Jiang, Li & Huang,
sp. nov., M. polyacanthum Jiang, Li & Huang, sp. nov., and M. parvus Jiang, Li & Huang, sp.
nov. Following an in-depth examination of the Mongoloniscus species, Lucasioides vann-
amei (Arcangeli, 1927), comb. nov. (from Mongoloniscus) is proposed, and M. chevronus
Yang & An, 2021, syn. nov. is synonymized with Koreoniscus racovitzai (Arcangeli, 1927). A
restrictive criterion for recognizing the genus Mongoloniscus is also provided in the present
study.

Key words: DNA, morphology, new species, Oniscidea, taxonomy

Introduction

Agnaridae, one of 38 families within the order Oniscidea worldwide, comprises
14 genera. At present, six genera, namely Hemilepistus Budde-Lund, 1879, Agnara
Budde-Lund, 1908, Protracheoniscus Verhoeff, 1917, Mongoloniscus Verhoeff,
1930, Koreoniscus Verhoeff, 1937, and Lucasioides Kwon, 1993 have been record-
ed (Kwon 1993; Kwon and Taiti 1993; Tang and Gui 2000; Li 2017; Chen 2003;
Wang et al. 20224, 2023). However, taxonomic research on the Chinese woodlice
is far from complete. In the present study, we focused on the taxonomy of Mon-
goloniscus from China.

Mongoloniscus was established by Verhoeff (1930) as a subgenus of Protra-
cheoniscus Verhoeff, 1917 with P (M.) koreanus Verhoeff, 1930 proposed as its
type species. To date, this genus consists of eighteen species. All known species
are recorded from East Asia (China, Korea, and Japan) (Schmalfuss 2003; Boyko
et al. 2008; Nunomura 20103, 2010b, 2013; Li 2017) except M. persicus Kashani,
2014, which has been reported in Iran (Kashani 2014). Four Mongoloniscus spp.
have been recorded in China. Among them, M. sinensis (Dollfus, 1901) and M.
chevronus Yang & An, 2021 are endemic to northern China (Chen 2003; Zhao et al.
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2016; Yang and An 2021), whereas M. koreanus (Verhoeff, 1930) and M. vannamei
(Arcangeli, 1927) are not only found across several southern Chinese provinces
(Kwon 1993; Kwon and Taiti 1993; Chen 2003) but also have been reported in Ja-
pan and Korea (Kwon 1993; Saito et al. 2000).

Kwon (1993) proposed a definition for Mongoloniscus based on the following
morphological traits: (1) triangular median lobe of cephalon, frontal line separated
from vertex by a groove; (2) granulated dorsum, numerous gland pores along the
whole margin of pereonites; (3) noduli laterales more or less at the same distance
from lateral margin; (4) pereonite 1 evenly convex with postero-lateral corners
rounded; (5) pleopodal exopods 1-5 with Protracheoniscus-type pseudotrachea;
(6) male pleopod 1 exopod with bilobed distal part, and male pleopod 2 endopod
with a filiform distal part. However, some species have parts of the above char-
acters that have been assigned to Mongoloniscus, leading to a heterogeneous
grouping (Kashani 2014; Yang and An 2021).

Recently, the integrative methods of morphology combined with DNA data
shed light on taxa delimitation in Oniscidea systematics (Dimitriou et al. 2019).
Molecular phylogenetics has revealed numerous cryptic Oniscidea species. Dim-
itriou et al. (2023) revealed cryptic Armadillidiidae diversity within Cyprus island
and discovered two new species. Zimmermann et al. (2018) integrated morpholo-
gy and molecular analyses to delimit Philosciidae species and reveal a new genus
from Brazil. This approach has also been applied to other oniscidean isopods and
discovered species of Hemilepistus, and Protracheoniscus (Gongalsky et al 2018;
Wang et al. 2022b). In this study, to objectively identifies Mongoloniscus species,
we studied the genus from China by integrating morphological characters and
molecular data.

Materials and methods

The specimens were collected at 48 localities of China (Fig. 1), and preserved in
75% ethanol. All specimens were deposited at the Herbarium, National Resource
Center for Chinese Materia Medica, China Academy of Chinese Medical Sciences,
China (CMMI).

Morphology

The whole body of the specimens was placed in acid-fuchsin staining buffer for
twelve hours. The appendages were dissected and mounted on micro prepara-
tions in a neutral balsam mounting medium using a Leica M205 FA microscope.
The morphological terminology followed Kwon (1993) and Kwon and Taiti (1993).
The taxonomic characters were observed with a Leica M205 FA microscope. Hab-
itus were taken with a Leica M205 MCA camera attached to the microscope. The
line drawings were drawn by the GNU Image Manipulation Program (Montesanto
2015).

DNA extraction and fragment amplification

Genomic DNA was extracted from tissue samples of each specimen using the
Promega Wizard® SV Genomic DNA Purification Kit (Promega, USA). Polymerase
chain reaction (PCR) was used to amplify cytochrome ¢ oxidase subunit | (COI)
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Figure 1. Collected localities of species of Mongoloniscus in China. Stars represent type localities.

and nuclear ribosomal DNA 28S fragments. The COIl fragments were amplified us-
ing primers LCO1490 and HCOoutout (Folmer et al. 1994; Schwendinger and Giri-
bet 2005), 28S fragments were amplified using primers 28Sa and 28Sb (Michael
et al. 1997; Joshi and Karanth 2011) followed the procedure described by Chen
et al. (2023). All sequences were deposited in GenBank database, with accession
numbers listed in Suppl. material 1: table S1.

Molecular analyses

The COI sequences and 28S sequences obtained from this study, as well as data
from previous phylogenetic studies obtained from GenBank, were incorporated into
the phylogenetic analysis (Poulakakis and Sfenthourakis 2008; Tanaka and Kara-
sawa 2016; Gongalsky et al. 2021; Yang and An 2021; Dimitriou and Sfenthourakis
2022; accession numbers provided as Suppl. material 1: table S1).

Phylogenetic trees were constructed using Bayesian inference (BI) and maxi-
mum likelihood (ML) methods, with branch support assessed using standard sta-
tistical tests, including bootstrap support (BS) and posterior probability (PP). ML
analysis was performed using the IQ-TREE 1.6.8 software tool (Minh et al. 2020)
on the PhyloSuite 1.2.3 platform (Zhang et al. 2020) with 250,000 ultrafast boot-
straps (Hoang et al. 2018). The evolutionary model for COI was selected under
the Akaike information criterion using ModelFinder (Kalyaanamoorthy et al. 2017),
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GTR+F+1+G4 using Bayesian inference (Bl) and TIM+F+|+G4 for maximum likeli-
hood (ML) analyses. Bl analyses were conducted using MrBayes 3.2.6 (Ronquist
et al. 2012) over 10,000,000 generations, sampled every 1000 generations, with
25% of trees set aside as burn-in. Stationarity was assessed using a split frequen-
cy of less than 0.001, and a consensus tree was constructed from the remaining
trees. The consensus tree is shown in FigTree 1.4.3 (Rambaut 2016). Several spe-
cies of Desertoniscus, Hemilepistus, Koreoniscus, Lucasioides, Orthometopon, and
Protracheoniscus were included in phylogenetic reconstructions, while Armadillid-
ium nasatum Budde-Lund, 1885 was chosen as the outgroup (accession numbers
provided as Suppl. material 1: table S1).

Furthermore, pairwise Kimura 2-parameter distances of the COl sequences be-
tween Mongoloniscus species were calculated by MEGA X (Kumar et al. 2018).

Distribution mapping

The distribution map was made with ArcMap 10.7.1. We illustrated all the collected
localities based on the Mongoloniscus specimens in the present research.

Results

The specimens collected from China were analyzed using external traits and
dissected appendages. As a result, eight members of Mongoloniscus were pre-
liminarily recognized, including four known species (M. koreanus, M. sinensis, M.
vannamei and M. chevronus). Among them, the morphological characters of M.
vannamei and M. chevronus indicate that these two species are more likely to
belong to Lucasioides and Koreoniscus, respectively. It is difficult to verify the tax-
onomic identities based on traditional morphology.

Molecular analyses

This study involved the sequencing and alignment of mitochondrial COl and nu-
clear 28S rRNA loci from Mongoloniscus species. Sequences from other Agnari-
dae genera were also included. A final alignment dataset comprising 793 base
pairs (bp) of COI and 741 bp of 28S rRNA was obtained. Maximum likelihood
and Bayesian methodologies were employed for phylogenetic analysis (Fig. 2).
The results indicated that M. chevronus and Koreoniscus racovitzai formed a
clade with high support (PP = 1.00, BS = 100%), and they were sister species to K.
huaguoshanensis with high support from both likelihood bootstraps (PP = 1.00,
BS = 100%). This suggests that M. chevronus is a member of Koreoniscus, which
is supported by morphological characteristics described below. Furthermore, M.
vannamei, L. gigliotosi, and L. isseli formed a clade with high support (PP = 1.00,
BS = 95%), indicating that M. vannamei must be transferred to Lucasioides (see
below for details in the taxonomic section).

The remaining Mongoloniscus species, including M. koreanus, M. crenatus sp.
nov., M. sinensis, M. polyacanthum sp. nov., M. parvus sp. nov., and M. orientalis
sp. nov. formed a clade with strong support (PP = 0.99, BS = 85%). Notably, M. cre-
natus sp. nov. was found to be a sister to M. koreanus with very high support (PP
=1.00, BS = 99%). The two aforementioned species, both found in southern China,
formed a clade that is sister to species distributed in northern China (M. polyacan-
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Figure 2. Maximum likelihood phylogenetic tree based on combined COI and 28S data for Mongoloniscus. Values above the
branches represent the posterior probability (PP) and bootstrap support (BS), BS < 70% or PP < 0.9 are indicated as hyphens.

thum sp. nov., M. parvus sp. nov., and M. orientalis sp. nov.) or in northern China
and Tibet (M. sinensis). However, this relationship had moderately low support
(PP =1.00, BS = 50%). M. koreanus can be divided into two genotypes with high
node support (PP = 1.00, BS = 100%), one widespread in southern China while the
other is limited to Hubei Province (these two populations are morphologically in-
distinguishable and are considered intraspecific variations). Similarly, M. sinensis
was divided into two well-supported clades with no clear morphological or geo-
graphic correlations. Thus, they were considered to belong to the same species.
In summary, Mongoloniscus in China appears to be a monophyletic taxon which
is closely related to Koreoniscus and Lucasioides.
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Genetic distances

Among Mongoloniscus species, the average K2P genetic distance of the COI se-
guences was 14.0%, the intraspecific distances were 0-3%, and the interspecific
distances varied from 10% (M. crenatus sp. nov. and M. koreanus) to 24% (M.
polyacanthum sp. nov. and M. crenatus sp. nov.) (Suppl. material 1: table S2). Al-
though M. crenatus sp. nov. and M. koreanus had the lowest genetic distances,
the intraspecific genetic distances were still lower than the interspecific distanc-
es. The genetic distance between M. chevronus and K. racovitzai was ~ 0%, show-
ing no difference in the result of the phylogenetic analysis. Thus, we proposed a
new synonym (see below for details under the taxonomic section of K. racovitzai).

Taxonomy

Order Isopoda Latreille, 1817
Suborder Oniscidea Latreille, 1802
Family Agnaridae Schmidt, 2003

Genus Mongoloniscus Verhoeff, 1930

Type species. Mongoloniscus koreanus Verhoeff, 1930, by subsequent designa-
tion.

Notes. Previous studies have ascribed eighteen species to the genus Mongolo-
niscus; however, some do not conform to the criteria proposed by Kwon (1993). In
the present study, we provide the typical habitus of the genus (Fig. 3) and adopt a
more restrictive interpretation, asserting that a species can be classified as Mon-
goloniscus if exhibiting all the following characters:

1. Dorsum granulated, with numerous gland pores along the entire margin of
the pereonites.

2. Noduli laterales more or less at the same distance from lateral margin, with
a d/c value less than 0.75.

3. Cephalon with well-developed median lobe and lateral lobes, median one
convex or arched on anterior margin.

4. Pereonite 1 posterior margin straight or rounded.

. Pleopodal exopods 1-5 with monospiracular internal lungs.

6. Pleopod 1 exopod with bilobed apex, and posterior tip of endopod bent out-
wards.

[¢)]

Mongoloniscus crenatus Jiang, Li & Huang, sp. nov.
https://zoobank.org/19F87F63-688E-4C59-887E-B78B81A8DF24
Figs 4A,B, 5,6

Type material. Holotype. CHINA: & (20210417001), Sichuan Province, Baox-

ing County, Muping Town, Lengmugou Provincial Geological Park (30.3699°N,
102.8125°E), 1020 m asl., 14.iv.2021, coll. Chao Jiang.
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Figure 3. Habitus of Mongoloniscus sinensis (Dollfus, 1901), male A dorsal view, the blue circles show the noduli laterales
arrangement B cephalon and pereonites 1 and 2 in dorsal view C pleopod 1 exopod D pleopod 1 endopod.

Paratypes. CHINA: 3 53,8 29 (20210417002-20210417012), same data as the
holotype. 4 34, 6 22 (20210412063-20210412066), Hubei Province, Yichang,
Xiaoxita Forestry Park (30.7853°N, 111.3180°E), 100 m asl., 12.iv.2021, coll. Zhi-
dong Wang & Tianyun Chen. 1 & (20210512006), Shaanxi Province, Zhashui
County, Lengbinggou Village (33.6931°N, 109.0239°E), 1020 m asl., 12.x.2021,
coll. Chao Jiang. 3 3,1 ¢ (20210417016-20210417019), Sichuan Province, Ba-
oxing County, Dengchigou (30.5341°N, 102.9410°E), 1810 m asl., 17.iv.2021, coll.
Chao Jiang; 34, 12 (20210416040-20210416043), Qionglai, Datong Village,
Dalong Road (30.5042°N, 103.3063°E), 770 m als., 14.iv.2021, coll. Chao Jiang; 5
34, 24 99 (120220827008-20220827025), Hanyuan County, Fuling Town, Ha-
nyuan Service Area (29.4370°N, 102.6343°E), 1080 m asl., 27.viii.2022, coll. Chao
Jiang; 6 4%, 9 99 (20220828036—-20220828048), Tianquan County, Binhe Park
(30.0584°N, 102.7597°E), 760 m asl., 28.viii.2022, coll. Chao Jiang; 18 37,23 99
(20220829013-20220829028), Wenchuan County, Yingxiu Town (31.0557°N,
103.4887°E), 880 m asl., 29.viii.2022, coll. Chao Jiang.
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Figure 4. Habitus of Mongoloniscus species A, C, E, G male, holotype B, D, F, H female, paratype A, B M. crenatus sp. nov.
C, D M. polyacanthum sp. nov. E, F M. parvus sp. nov. G, H M. orientalis sp. nov. The blue circles show the noduli laterales
arrangement. Scale bars: 3 mm.

Diagnosis. Cephalon with median lobe convex, medially with a small incision.
Antennal flagellum with distal article twice as long as proximal article. Noduli lat-
erales almost at same distance from the lateral margins. Pereopod 6 basis and
pereopod 7 ischium fringed with long setae. Pleopod 1 exopod deeply bilobed at
apex, inner lobe much longer than outer lobe; apex of male pleopod 1 endopod
bent outwards and pointed.

Description. Body length of males 7-9 mm and females 8—11 mm. Body elon-
gated and convex, ~ 2—-2.5x as long as widest pereonite. Dorsum distinctly granu-
lated, brown-gray color with usual yellowish muscle spots. Numerous gland pores
along entire pereonite margin. Pereonite 1 with rounded postero-lateral corner,
posterior margin nearly straight. Noduli laterales almost at the same distance
from lateral margins (Fig. 4A, B). Telson triangular, approximately twice as wide
as long, lateral margins slightly concave at distal one third, posterior apex blunted;
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Figure 5. Mongoloniscus crenatus sp. nov., holotype A cephalon, pereonites 1 and 2 in dorsal view B pleonites, telson and
uropod in dorsal view C second antenna D pereopod 1 E pereopod 6 F pereopod 7 G pleopod 1 H pleopod 2 I1-K pleopods
3-5 exopods. Scale bars: T mm.

uropodal exopod ~ 2-2.5 and 1.5-2x as long as protopod in males and females,
respectively; protopod with an incision on outer margin (Figs 4A, B, 5B).
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Figure 6. Mongoloniscus polyacanthum sp. nov., holotype A cephalon and pereonite 1 in dorsal view B pleonites, telson, and
uropod in dorsal view C second antenna D pereopod 1 E pereopod 6 F pereopod 7 G pleopod 1 H pleopod 2 1-K pleopods
3-5 exopods. The abrupt tip of pleopod 2 endopod are indicated as dotted lines. Scale bars: 1 mm (A-F); 0.5 mm (G-K).
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Cephalon with rounded lateral lobe no evidence surpasses eyes, median lobe
convex, medially with a small incision (Fig. 5A). Eyes with 15-19 ommatidia. An-
tenna with fifth article of peduncle longer than flagellum; flagellum with distal
article 1.6—2.1x as long as proximal one (Fig. 5C).

Pereopod 1 bearing brush of long setae on its carpus and merus (Fig. 5D).
Pereopod 6 basis fringed with long setae and a distal protrusion on sternal margin
(Fig. 5E). Pereopod 7 ischium with sternal margin slightly concave and fringed
with setae, rostral surface with shallow depression; carpus slightly expanded on
the tergal margin (Fig. 5F).

Pleopods 1-5 exopods with monospiracular internal lungs (Fig. 5G-K). Male:
pleopod 1 exopod oval, with robust sinuous outer margin; apex deeply bilobed
and bearing several setae, inner lobe much longer than outer lobe (Fig. 5G). Pleo-
pod 2 exopod nearly triangular, bearing one line of setae on the outer margin (Fig.
4H). Pleopod 1 endopod with broad basal part, narrowed towards apex, apex bent
outwards and pointed (Fig. 5G); pleopod 2 endopod longer than exopod, distal
article thin and long (Fig. 5H).

Remarks. The new species resembles M. koreanus in morphology. It can be
distinguished from the latter by the cephalon median lobe medially with a small
incision, pereopod 7 with an unexpanded carpus on the tergal margin, and pleo-
pod 1 endopod with a pointed distal apex. In M. koreanus, the cephalon median
lobe is medially continuous, pereopod 7 has an expanded carpus on the tergal
margin, and the distal apex of the pleopod 1 endopod is blunted. Furthermore, this
species and M. koreanus formed two clades with high support in the phylogenetic
analysis (Fig. 2), and their interspecific distances were much higher than their
intraspecies distances (Suppl. material 1: table S2).

Etymology. Latin crenatus = notched. The new species name refers to the an-
terior margin of the cephalon with a small notch in the middle. We suggest the
Chinese common name as “Z|JR 521 41",

Distribution. China (Hubei, Shaanxi, Sichuan).

Mongoloniscus polyacanthum Jiang, Li & Huang, sp. nov.
https://zoobank.org/40D39285-4EF1-4344-B62B-FE91BC37D75E
Figs 4C,D, 6

Type material. Holotype. CHINA: & (20210908003), Liaoning Province, Chaoyang,
Fenghuangshan National Forestry Park (41.54725°N, 120.4743°E), 210 m asl.,
8.iv.2021, coll. Chao Jiang.

Paratypes. 1 &, 8 99 (20210908001, 20210908002, 20210908004~
20210908010) same data as the holotype.

Diagnosis. Antennal flagellum with distal article ~ 1.2x as long as proximal ar-
ticle. Pereopod 7 ischium sternal margin fringed sparse setae. Pleopod 1 exopod
with one line of setae on inner margin, distal apex deeply bilobed, inner lobe as
long as outer one, but slightly wider than outer lobe.

Description. Body length of males 7-9 mm and females 8—11 mm. Body elon-
gated and convex, ~ 2—2.5x as long as widest pereonite. Dorsum distinctly gran-
ulated, brown-gray in color with usual yellowish muscle spots. Numerous gland
pores along entire pereonites margin. Pereonite 1 with rounded postero-lateral
corner, posterior margin nearly straight. Noduli laterales on pereonites 1-4 much

ZooKeys 1202: 229-253 (2024), DOI: 10.3897/zookeys.1202.113560 239



Chao Jiang et al.: Mongoloniscus species from China

farther from lateral margins than those on pereonites 5-7. Telson triangular, with
slightly concave on lateral margins, posterior apex pointed; uropodal exopod ~
1.5-2x as long as protopod; protopod with an incision on the outer margin (Figs
4C, D, 6B).

Cephalon with medial lobe triangular, not surpassing the lateral lobes in dorsal
view (Fig. 6A). Eyes with 20 ommatidia. Antenna with fifth article of peduncle
longer than flagellum; flagellum with distal article 1.2x as long as proximal one
(Fig. 6C).

Pereopod 1 bearing a brush of long setae on its carpus and merus (Fig. 6D).
Pereopod 7 ischium rostral surface with a shallow depression; carpus not ex-
panded on the tergal margin (Fig. 6F).

Pleopods 1-5 exopods with monospiracular internal lungs (Fig. 6G—K). Male:
pleopod 1 exopod oval, apex deeply bilobed, inner lobe as long as outer one, but
slightly wider than outer lobe; outer margin sinuous, bearing one seta near middle
and apex, respectively; inner margin with one line of setae; (Fig. 6G). Pleopod 2
exopod almost triangular, bearing one line of setae on the outer margin. Pleopod
1 endopod with broad basal part, narrowed towards apex, apex acute and bent
outwards, bearing several setae (Fig. 6G); pleopod 2 endopod longer than exopod,
distal article thin and long (Fig. 6H).

Remarks. This new species is similar to M. sinensis in the large body size, noduli
laterales arrangement, and the fringed sparse setae on the pereopod 6 basis and
pereopod 7 ischium. However, it can be distinguished from the latter by the distal
article of the antennal flagellum longer than the proximal article, carpus of pereopod
7 without a rounded lobe on the tergal margin, and pleopod 1 exopod inner margin
bearing a line of well-developed setae. In M. sinensis, the antennal flagellum articles
are equal in length, the carpus of pereopod 7 has a rounded lobe on the tergal margin,
and the pleopod 1 exopod bearing 2—4 setae on the apex of the inner lobe. Further-
more, this species together with M. sinensis formed two clades with high support in
the phylogenetic analysis (Fig. 2), whose interspecific distances were much higher
than their intraspecies distances (Suppl. material 1: table S2).

Etymology. Latin prefix poly- = many, plus acanthum = spinous. The new spe-
cies name refers to the setae on the inner margin of pleopod 1 exopod. We sug-
gest the Chinese common name as “Z il 521 Ht”.

Distribution. China (Liaoning).

Mongoloniscus parvus Jiang, Li & Huang, sp. nov.
https://zoobank.org/E2A83DFA-2E8F-4BC6-8586-105B10A9A34A
Figs 4E,F 7

Type material. Holotype. CHINA: & (20200913004), Liaoning Province, Huanren
Manchu Autonomous County: Erpengdianzi Town, Yaogianshu Village (41.1893°N,
125.6383°E), 610 m asl., 13.ix.2020, coll. Chao Jiang.

Paratypes. 3 44,2 29 (20200913003, 2020091300005), same data as the
holotype; 33,29 % (20200906002-20200906005), Liaoning Province, Huanren
Manchu Autonomous County, Erpengdianzi Town (41.236°N, 125.6047°E), 560 m
asl, 6.ix.2021, coll. Chao Jiang. 1 &, 2 99 (20200913001, 20200913002), Jilin
Province, Ji'an, Xihulugou Village (41.3348°N, 125.8893°E), 670 m asl., 13.ix.2020,
coll. Chao Jiang.
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Figure 7. Mongoloniscus parvus sp. nov., holotype A cephalon, pereonites 1 and 2 in dorsal view B pleonites, telson and
uropod in dorsal view C second antenna D pereopod 1 E pereopod 6 F pereopod 7 G pleopod 1 H pleopod 2 I-K pleopods
3-5 exopods. Scale bars: T mm.

Diagnosis. Antennal flagellum distal article approximately twice as long as the
proximal article. Pereopod 7 ischium sternal margin fringed with sparse setae; car-
pus slightly expands on tergal margin. Pleopod 1 exopod oval, distal apex slightly
concave, forming two inconspicuous lobes, inner lobe bearing one seta.

Description. Body length of males 5-9 mm and females 4-9 mm. Body elon-
gated and convex, ~ 2.3x as long as widest pereonite. Dorsum distinctly gran-
ulated, brown-gray color with usual yellowish muscle spots. Numerous gland
pores along entire margin pereonites margin (Fig. 4E, F). Pereonite 1 with rounded
posterior margin and postero-lateral corners. Noduli laterales on pereonites 1-4
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much farther from lateral margins than those on pereonites 5-7. Telson triangu-
lar, ~ 1.5x as wide as long, lateral margins slightly concave near middle, posterior
apex blunted; uropodal exopod 1.2-1.5x as long as protopod; protopod with an
incision on outer margin (Figs 3F, 4E, 7B).

Cephalon with medial lobe arched, not surpassing lateral lobes in dorsal view.
Eyes with 14 or 15 ommatidia. Antenna with fifth article of peduncle and flagellum
nearly equal in length; flagellum with distal article twice as long as proximal one
(Fig. 7C).

Pereopod 1 bearing a brush of long setae on its carpus and merus (Fig. 7D).
Pereopod 7 ischium rostral surface with shallow depression; carpus slightly ex-
pands on tergal margin (Fig. 7F).

Pleopods 1-5 exopods with monospiracular internal lungs (Fig. 7G—K). Male:
pleopod 1 exopod oval, outer margin sinuous, distal apex slightly concave and
forming two inconspicuous lobes, inner lobe bearing one seta near apex (Fig. 7G).
Pleopod 2 exopod almost triangular, slightly concave on outer margin (Fig. 7H).
Pleopod 1 endopod with broad basal part, narrowed towards apical apex, apex
bearing several setae, bent outwards and ending with two pointed tips (Fig. 7G);
pleopod 2 endopod longer than exopod, distal article thin and long (Fig. 7H).

Etymology. Latin parvus = small. The new species name refers to the pleopod 1
with a small exopod. We suggest the Chinese common name as “/)N 23] 41"

Distribution. China (Liaoning, Jilin).

Mongoloniscus orientalis Jiang, Li & Huang, sp. nov.
https://zoobank.org/B8C37716-798D-4BEA-8A20-F80F39EEE983
Figs 4G, H, 8

Type material. Holotype. CHINA: & (20230403006), Heilongjiang Province, Har-
bin: Xiangfang District, Longrui Residential (126.6821°N, 45.7233°E), 160 m asl.,
3.ix.2023, coll. Junjie Zong.

Paratypes. 6 2,13 29 (20230403003-20230403008), same data as the ho-
lotype. CHINA: 2 33, 2 29 (20231030301, -02), Shanxi Province, Taiyuan: Longc-
heng Forestry Park (37.9228°N, 112.7565°E), 1610 m asl., 30.x.2023, coll. Tianyun
Chen, Yuan Xiong & Jiabo Fan.

Diagnosis. Antennal flagellum with distal article as long as proximal article.
Pereopod 6 basis fringed with long setae. Pereopod 7 ischium with sternal margin
slightly concave and fringed with setae carpus with rounded lamellar lobe on tergal
margin. Apex of pleopod 1 exopod bilobed, outer lobe larger than inner one.

Description. Body length of males 8—12 mm and females 7-16 mm. Body
elongated and convex, ~ 2.8x as long as widest pereonite. Dorsum distinctly
granulated, brown-gray color with usual yellowish muscle spots. Numerous gland
pores along entire pereonites margin (Fig. 4G, H). Pereonite 1 with rounded poste-
ro-lateral corners, distal margin nearly straight. Noduli laterales on pereonites 1-4
and 7 shifted from lateral margins than those on pereonites 5 and 6. Telson trian-
gular, slightly wider than length, outer margin slightly concave near middle, poste-
rior apex pointed; uropodal exopod ~ 2.8-3.6x as long as protopod in males and
~ 1.2-2x in females; protopod with an incision on outer margin (Figs 4G, H, 8B).
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Figure 8. Mongoloniscus orientalis sp. nov., holotype A cephalon, pereonites 1 and 2 in dorsal view B pleonites, telson and
uropod in dorsal view C second antenna D pereopod 1 E pereopod 6 F pereopod 7 G pleopod 1 H pleopod 2 I-K pleopods
3-5 exopods. Scale bars: T mm.

Cephalon with medial lobe triangular, not surpassing lateral lobes in dorsal
view. Eyes with 20 ommatidia. Antenna with fifth article of peduncle longer than
flagellum; flagellum with distal article as long as proximal one (Fig. 8C).

Pereopod 1 bearing a brush of long setae on its carpus and merus (Fig. 8D).
Pereopod 6 basis fringed with long setae (Fig. 8E). Pereopod 7 ischium with ster-
nal margin slightly concave and fringed with setae, rostral surface with shallow
depression; carpus with rounded lamellar lobe on tergal margin (Fig. 8F).

Pleopods 1-5 exopods with monospiracular internal lungs (Fig. 8G—K). Male:
pleopod 1 exopod drop-like, outer margin sinuous, apex bilobed; outer lobe larger
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than inner one, inner lobe bearing one seta at apex (Fig. 8G). Pleopod 2 exopod
nearly triangular, bearing one line of setae on outer margin (Fig. 8H). Pleopod 1
endopod with broad basal part, narrowed towards apex, apex bent outwards and
pointed (Fig. 8G); pleopod 2 endopod longer than exopod, distal article thin and
long (Fig. 8H).

Remarks. This new species resembles M. koreanus by basis of pereopod 6 hav-
ing long setae and a distal protrusion on the sternal margin, ischium of pereopod
7 fringed with setae. However, it can be differentiated from the latter by antenna
with two equal flagellum articles, and its noduli laterales on pereonites 1-4 and
7 are much farther from lateral margins than those on pereonites 5 and 6. In M.
koreanus, the distal article of the flagellum is twice as long as the proximal article,
and the noduli laterals are almost at the same distance from the lateral margin.
Furthermore, this species together with M. koreanus formed two clearly different
clades in the phylogenetic analysis (Fig. 2), whose interspecific distances were
much higher than their intraspecies distances (Suppl. material 1: table S2).

Etymology. Latin orientalis = east. The new species name refers to its distribu-
tion in east China. We suggest the Chinese common name as “4: 77 521 d1”.

Distribution. China (Heilongjiang, Shanxi).

Mongoloniscus koreanus (Verhoeff, 1930)

Protracheoniscus (Mongoloniscus) koreanus Verhoeff, 1930: 117, figs 14, 15.
Mongoloniscus koreanus: Kwon 1993: 149, figs 12, 13; Kwon 1995: 528.
Mongoloniscus nigrogranulatus Kwon & Taiti, 1993: 48, figs 201-208.
Nagurus tsushimaensis Nunomura, 1987: 30, fig. 113.

Nagurus pallidus: Nunomura 1991: 8, fig. 171.

Examined material. CHINA: 2 spms (20200813002, 20200813006), Anhui Prov-
ince, Hefei, Binghu National Forestry Park (31.7230°N, 117.3728°E), 20 m asl.,
13.viii.2020, coll. Chao Jiang; 2 spms (20230324029-20230324030), Qimen coun-
ty:QishanTown, QichangRoad (29.8666°N,117.6841°E), 150 masl., 24.iii.2023, coll.
Chao Jiang; 28 spms (20230327116-20230327129), Ningguo County, Yunti She
Village, Qiangiushezu (29.8666°N, 117.6841°E), 150 m asl., 27.iii.2023, coll. Chao
Jiang; 26 spms (20230326076-20230326088, 20230327102-20230327103), Xi-
jin Streets, Cuizhu Park (30.6319°N, 118.9710°E), 60 m asl., 27-28.iii.2023, coll.
Chao Jiang; 9 spms (20230324017-20230324021), Xiuning County, Qiyunshan
Service Area (29.7540°N, 118.1321°E), 200 m asl., 24.iii.2023, coll. Chao Jiang; 1
spm (20230325071), Huangshan, Tankou Town, Hougu (30.0740°N, 118.1527°E),
510 m asl,, 25.iii.2023, coll. Chao Jiang; 12 spms (20230215006—20230215008),
Bozhou: Bozhou Cultural Park (33.8286°N, 115.7616°E), 15.ii.2023, coll. Chao
Jiang; 2 spms (20230214004, 20230214005), Fuyang, Yingquan district, Wum-
ing Service Area, (33.0458°N, 115.8935°E), 14.ii.2023, coll. Chao Jiang. 2 spms
(20201018028, 20201018037), Chonggqing, Jiangbei District, Tieshanping Forest-
ry Park (29.5957°N, 106.6645°E), 450 m asl., 18.x.2020, coll. Chao Jiang & Zhi-
dong Wang. 13 spms (20201118001, -12, -18, -20, -22, -25, -30, -37, -38, -40, -41,
-43), Guangxi Zhuang Autonomous Region, Guilin, Guangxi Guilin National Forest-
ry Park (25.2207°N, 110.2543°E), 18.xi.2020, coll. Zhidong Wang. Guizhou Prov-
ince, 20 spms, (20201020001, -4,-7,-9,-10,-14,-16,-17,-20, -21, -24, -25, -27, -29,
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-30,-31,-35,-36, -39, -40), Zhengning County, Yelangdong Scenic Area (26.0918°N,
105.6248°E), 1070 m asl., 20.x.2020, coll. Chao Jiang & Zhidong Wang; 8 spms
(20210601038-20210601045), Guiyang: Jinhua town, Shangcheng West Road
(26.6067°N, 106.57463°E), 1260 m asl.,, 1.vi.2021, coll. Chao Jiang; 16 spms
(20210728020-20210728035), Jiangkou county, Fanjingshan National Nature
Reserve (27.8464°N, 108.7733°E), 1510 m asl., 28.vii.2021, coll. Zhidong Wang.
3 spms (20210410069-20210410071), Hubei Province, Jingmen, Xiangshan I
Road, Youyuan (31.0441°N, 112.1999°E), 80 m asl., 10.iv.2021, coll. Zhidong Wang
& Tianyun Chen; 5 spms (20210414063, -64, 20210414066—20210414068), Shen-
nongjia: shennongding (31.4902°N, 110.3583°E), 1840 m asl., 14.iv.2021, coll. Zhi-
dong Wang & Tianyun Chen; 9 spms (20210415051-20210415059), Shiyan, Niut-
oushan National Forestry Park (32.6118°N, 110.7298°E), 390 m asl., 15.iv.2021,
coll. Zhidong Wang & Tianyun Chen; 9 spms (20210415061-20210415069),
Yuanyuan Park (32.6113°N, 110.7695°E), 270 m asl., 15.iv.2021, coll. Zhidong
Wang & Tianyun Chen; 2 spms (20190321002, 20190321007), Hunan Province,
Yongzhou, Puligiao Town (26.6849°N, 111.5997°E), 160 m asl., 21.iii.2019, coll.
Chao Jiang; 37 spms (20201107001, -2, -6, -7, -10, -14, -16, -18, -22, -24--30, -32,
-33, -35—-38, -40, -42, -44, -45, -47, -48, -50, -52—-54, -57, -60, -63, -64, -67), Jiang-
su Province, Yancheng: Jiangsu Yancheng Wetland National Nature Reserve
(Rare Birds) (33.6035°N, 120.5042°E), 5 m asl.,, 7.xi.2020, coll. Zhidong Wang;
9 spms (20201109001, -6, -9, -18, -27, -30, -31, -39, -42), Nanjing, Jiangjunshan
Scenic Area (32.1007°N, 118.5861°E), 130 m asl., 9.xi.2020, coll. Zhidong Wang;
2 spms (20210801001, -2), Jiangxi Province, Nanchang, Zhaoxian Town, Meil-
ing, (28.7243°N, 115.6848°E), 350 m asl., 1.viii.2021, coll. Zhidong Wang; 32
spms (20230217013-18, -26, -27), Dexing, Yincheng Street, Jishuihu Wetland
Park (28.9354°N, 117.5952°E), 70 m asl., 17.ii.2022, coll. Chao Jiang; 23 spms
(20230219018-20230219020), Dexing Railway Station (28.9587°N, 117.8544°E),
19.ii.2023, coll. Chao Jiang; 1 spm (20210330053), Shaanxi Province, Xi'an, Xi'an-
bei Railway Station, (34.3741°N, 108.9345°E), 350 m asl., 3.iii.2021, coll. Zhidong
Wang; 26 spms (20220909001-20220909026), Sichuan Province, Yanting Coun-
ty, Yanting Service Area (31.1481°N, 105.3804°E), 360 m asl., 9.ix.2022, coll. Chao
Jiang; 29 spms (20220911007), Tongjiang County: Nuoshuihe Town (32.4320°N,
107.1858°E), 780 m asl., 11.ix.2022, coll. Chao Jiang; 28 spms (20220914002~
20220914022), Bazhong, Bazhou District, Jiangbei Road, (31.8718°N, 106.7379°E),
380 m asl.,, 14.ix.2022, coll. Chao Jiang; 16 spms (20220829070, -71, -73—-84),
Meishan, Taihe Town, Meishan Service Area, (31.8718°N, 106.7379°E), 380 m asl.,
29.viii.2022, coll. Chao Jiang; 17 spms (20220829045, -47--60), Jiajiang Coun-
ty, Jiajiang Bridge (29.7216°N, 103.5754°E), 380 m asl., 29.viii.2022, coll. Chao
Jiang; 4 spms (20210528013-20210528015, -18), Yunnan Province, Linchang,
Manpan Street, (23.9061°N, 100.0985°E), 1430 m asl., 28.v.2021, coll. Chao Ji-
ang; 2 spms (20210531016, -17), Mianning Street (23.8787°N, 100.0983°E),
1430 m asl., 31.v.2021, coll. Chao Jiang; 6 spms (20210506004-20210506009),
Zhejiang Province, Jinhua, Anwen Street, (29.0169°N, 120.4570°E), 390 m asl,,
6.v.2021, coll. Chao Jiang; 27 spms (20230324076-20230324086), Hangzhovu,
Lin'an Service Area, (30.2076°N, 119.5308°E), 160 m asl., 24.iii.2023, coll. Chao
Jiang; 2 spms (20230327058), Tianmushan National Nature Reserve (30.3190°N,
119.4448°E), 350 m asl., 27.iii.2023, coll. Chao Jiang; 11 spms (20230328039-
20230328044), Huzhou, Huzhou Railway Station (30.8628°N, 120.0238°E), 160 m
asl., 28.iii.2023, coll. Chao Jiang; 8 spms (20230324004-20230324009), Wuxing
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District, Zhihe Road (120.0211E, 30.8706N), 20 m asl., 24.iii.2023, coll. Chao Jiang;
12 spms (20230328057-20230328059), Wuxing District, Renhuangshan Moun-
tain, (30.8973°N, 120.0572°E), 80 m asl., 28.iii.2023, coll. Chao Jiang; 4 spms
(20230328008-20230328011), Anji County, Fenghuanshan Park (30.6198°N,
119.7013°E), 160 m asl., 28.iii.2023, coll. Chao Jiang.

Remarks. This species closely resembles M. maculatus (Iwamoto, 1943) by
the noduli laterals at almost the same distance from the lateral margins, and the
morphology of pleopod 1 exopod. However, it can be distinguished in having the
eyes with 20—24 ommatidia, male pereopod 6 fringed with long setae and bearing
a distal protrusion on the sternal margin at the basis, and the ischium of pereopod
7 fringed with setae as well. In M. maculatus, its eyes have 15 or 16 ommatidia,
the basis of pereopod 6 and the ischium of male pereopod 7 with sparse setae.
For detailed descriptions and illustrations of M. koreanus see Kwon (1993).

Distribution. China (Anhui, Chongging, Guangxi, Guizhou, Hubei, Hunan, Jiang-
su, Jiangxi, Shaanxi, Sichuan, Yunnan, Zhejiang), Japan, and Korea.

Mongoloniscus sinensis (Dollfus, 1901)

Metoponorthus (Mongoloniscus) sinensis Dollfus, 1901: 371-374.
Porcellio (Porcellionides) asiaticus: Arcangeli 1927: 175-178.
Mongoloniscus sinensis: Chen 1993: 260.

Examined material. CHINA: 1 spm (20180901101), Beijing, Haidian District, Tian-
cun,1.ix.2018, coll. Junduo Zhang; 1spm (20230408020),HebeiProvince, Cheng-
de, Weichuang Manchu and Mongolian Autonomous County, Saihanba National
Forestry Park (42.408°N, 117.254°E), 1500 m asl., coll. Tianyun Chen, Yangyang
Pan & Jiabo Fan; 8 spms (20230330021-2023033004), Hengshui, Taocheng
District, near Hengshui Railway Station (37.7467°N, 115.6913°E), 30.iii.2023,
coll. Chao Jiang; 12 spms, 20201212013-20201212018,Henan Province, Yu-
zhou, Xiayu Park (34.1387°N, 113.4801°E), 90 m asl., 12.xii.2020, coll. Chao Ji-
ang; 4 spms (20200912009, 20200913002, -3, -5), Jilin Province, Ji'an, Koguryo
Archaeological Site Park (41.1210°N, 126.1845°E), 210 m asl., 12-13.ix.2020,
coll. Chao Jiang; 14 spms (20210908011-20210908024), Liaoning Province,
Chaoyang, Fenghuangshan National Forestry Park (41.54725°N, 120.4743°E),
210 m asl., 8.iv.2021, coll. Chao Jiang; 15 spms (20210907005-20210907018),
Shangzhi Park (41.5891°N, 120.4302°E), 180 m asl., 7.iv.2021, coll. Chao Ji-
ang; 9 spms (20210904019-20210904026), Huanren Manchu Autonomous
County, Zhangyue Park (41.2600°N, 125.3480°E), 270 m asl., 04.ix.2021, coll.
Chao Jiang; 8 spms (20210904001, -2, -3, -5, -6, -8, -9), Liaoyang, Baita District,
Liaoning Research Institute of Cash Crops (41.2605°N, 121.1392°E), 40 m asl.,
4.ix.2021, coll. Chao Jiang; 4 spms (20210907030-20210907032), Xinbin Man-
chu Autonomous County, Yongling Town (124.7979 ° E, 41.7193 ° N), 310 m
asl., 4.iv.2021, coll. Chao Jiang, 3 spms (20210907036-20210907038), Nan-
zamu Town (41.9422°N, 124.4398°E), 210 m asl., 4.iv.2021, coll. Chao Jiang; 27
spms (20210330042-20210330052, 20210330054-20210330069), Shaanxi
Province, Xi'an, Xi'anbei Railway Station (34.3741°N, 108.9345°E), 350 m asl.,
3.iii.2021, coll. Zhidong Wang. 1 spm (20211007001), Tianjin, Nancuiping Park
(39.0738°N, 117.1483°E), 7.x.2021, coll. Chao Jiang; 25 spms (20210707014~
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20210707038), Tibet Autonomous Region, Lhasa, Nanshan Park (29.6315°N,
91.1146°E), 3670 m asl., 7.vii.2021, coll. Chao Jiang; 7 spms (20210710012~
20210710018), Gonggar County, Jiazhulin Town (29.2885°N, 90.8958°E), 3560
m asl., 7.x.2021, coll. Chao Jiang; 1 spm (20210709006), Gyatsa County, Anrao
Town (29.1029°N, 92.6002°E), 3230 m asl., 7.ix.2021, coll. Chao Jiang.

Remarks. Most male specimens displayed a rounded lobe on the pereopod 7
carpus tergal margin, except for three specimens from Beijing and Henan prov-
ince. M. sinensis is close to M. satsumaensis (Nunomura, 1987) in terms of noduli
laterales’ positions and the morphology of pleopod 1 exopod, but it could differ in
the antennal flagellum distal article as long as proximal article rather than 1.5x as
long as proximal article.

Distribution. China (Beijing, Hebei, Henan, Jilin, Liaoning, Shaanxi, Tianjin, Ti-
bet).

Koreoniscus racovitzai (Arcangeli, 1927)

Porcellio (Lucasius) Racovitzai Arcangeli, 1927: 228, fig. 7.

Koreoniscus racovitzai: Verhoeff 1937: 421; Flasarova 1972:102-111, figs 24-47.
Koreoniscus Racovitzai: Arcangeli 1952: 301.

Mongoloniscus chevronus Yang & An, 2021: 265-274, figs 1—3. syn. nov.

Examined material. CHINA: 19 spms (20200912002-20200912004, -7,
20200913001, -4, 20200914001-20200914003), Jilin Province, Ji'an, Koguryo
Archaeological Site Park (41.1210°N, 126.1845°E), 210 m asl., 12-14.ix.2020,
coll. Chao Jiang; 8 spms (20200912011-20200912016), Dagiangfenggou
(40.9276°N, 125.9505°E), 330 m asl., 12.ix.2020, coll. Chao Jiang. 10 spms
(20210904027-20210904034), Liaoning Province, Huanren Manchu Autono-
mous County, Zhangyue Park (41.2600°N, 125.3480°E), 270 m asl., 4.ix.2021, coll.
Chao Jiang; 1 spm (20210905002), Gucheng Town (41.4764°N, 125.3832°E), 380
m asl., 5.ix.2021, coll. Chao Jiang; 1 spm (20210907033), Xinbin Manchu Auton-
omous County (41.7193°N, 124.7979°E), 310 m asl., 7.ix.2021, coll. Chao Jiang.

Remarks. In the present study, we identified the above specimens by integrat-
ing morphological characters and COIl sequences. The results demonstrate that
not only their morphological traits were the same as M. chevronus, but also the
COl sequences were 100% identical to the sequence from the type material of M.
chevronus (GenBank: MW792415) (Yang and An 2021). Thus, we used these ma-
terials to analyze the relationships between M. chevronus and the other species.

Morphologically, this species is distinctly differing from other Mongoloniscus
species by its pereonite epimera with a “convex-concave-convex” margin. It is note-
worthy that this trait is an essential diagnostic character of Koreoniscus. Based on
further comparison of the descriptions and illustrations of M. chevronus (Yang and
An 2021: figs 1-3) and K. racovitzai (Flasarova 1972: figs 24-31; Kwon 1993: fig.
11), in addition to the above results obtained through phylogenetic analyses (the
genetic distance between M. chevronus and Koreoniscus racovitzai was nearly 0%,
Suppl. material 1: table S2; M. chevronus and Koreoniscus racovitzai formed a clade
with high support, Fig. 2), and with the external morphology and the coordinates of
noduli laterales on pereonites, we consider M. chevronus Yang & An, 2021 as junior
synonym of Koreoniscus racovitzai (Arcangeli, 1927).
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Distribution. China (Liaoning, Jilin), Japan, Korea.

Lucasioides vannamei (Arcangeli, 1927), comb. nov.

Porcellio (Nagara) Van Namei Arcangeli, 1927: 243.

Porcellio (Nagara) sundaicus: Arcangeli 1927: 248, fig 15.

Nagara (Nagara) Van Namei: Arcangeli 1952: 302.

Protracheoniscus (Mongoloniscus) nipponicus Arcangeli, 1952: 299.
Mongoloniscus nipponicus: Kwon 1993: 150, figs 14, 15.
Mongoloniscus vannamei: Kwon 1995: 527.

Examined material. CHINA: 1 spm (20230214007), Anhuiprovince, Fuyang, Yingquan
District, Wuming Service Area (33.0458°N, 115.8935°E), 14.ii.2023, coll. Chao Jiang;
50 spms (20230215013-20230215023), Bozhou, Bozhou Cultural Park (33.8286°N,
115.7616°E), 15.ii.2023, coll. Chao Jiang; 10 spms (20230218001-20230218008),
Jiangxi Province, Dexing, Raoshoukun Park (28.9558°N, 117.5608°E), 18.ii.2023,
coll. Chao Jiang; 11 spms (20230219001-20230219008), Dexing Railway Station
(28.9587°N, 117.8544°E), 19.ii.2023, coll. Chao Jiang; 15 spms (20230214001-
20230214008), Jiujiang, Saiyang Town, near Lushan cable-way Station (29.2926°N,
115.9512°E), 16.ii.2023, coll. Chao Jiang; 32 spms (20230216019-20230216033),
Chaisang district, Zhonghuaxianmu Park (29.6144°N, 115.9002°E), 16.ii.2023, coll.
Chao Jiang; 9 spms (202302180039, -40), Leping, Hongyan Town, Hongyanxian-
jing Scenic Area (29.0442°N, 117.4738°E), 18.ii.2023, coll. Chao Jiang; 19 spms
(20230218048-20230218054, -56, -57), Gaojia Town (28.9949°N, 117.4425°E),
18.ii.2023, coll. Chao Jiang; 12 spms (20210409088-20210409090), Hubei Prov-
ince, Jingshan County, Kongshandong Scenic Area (30.9728°N, 113.0415°E), 100
m asl,, coll. Zhidong Wang & Tianyun Chen; 3 spms (20210410034), Huzhuashan
National Forestry Park (31.0765°N, 112.9009°E), 200 m asl., coll. Zhidong Wang
& Tianyun Chen. 2 spms (20210508051, -52), Zhejiang Province, Pan'an County,
Dapanshan Medicinal Plant Garden (28.9827°N, 120.5536°E), 680 m asl., coll. Chao
Jiang.

Remarks. Mongoloniscus vannamei distinctly differs from all other Mongolo-
niscus species by the noduli laterales on pereonites 2-4 and 7 which are much
farther from the lateral margins than those on pereonites 1, 5, and 6. We recog-
nized this species based on the diagnostic characters among the similar genera
Mongoloniscus, Lucasioides, Agnara, Koreoniscus and Protracheoniscus (Kwon
1993), and found that all the traits of M. vannamei match the generic characters
of Lucasioides, except for its epimeron of pereonite 1 was not bent outwards. Fur-
thermore, M. vannamei, L. gigliotosi and L. isseli formed a clade with high support
(PP =1.00, BS = 95%) according to the results of the phylogenetic analysis (Fig. 2).
Thus, M. vannamei must be transferred to Lucasioides. For species descriptions
and illustrations, see Kwon (1993).

Distribution. China (Anhui, Hubei, Hunan, Jiangxi, Zhejiang), Japan, Korea.

Discussion

Currently, all similar genera within the family Agnaridae are separated by the mor-
phological characters, e.g., Mongoloniscus Verhoeff, 1930 can be distinguished
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from Lucasioides Kwon, 1993 by the arrangement of noduli laterals and the shape
of the first pereonite (Kwon 1993; Gongalsky et al. 2021). In morphological taxon-
omy, although eighteen species have been ascribed to the genus Mongoloniscus
(Boyko et al. 2008), rather than strictly conforming to the criteria proposed by
Kwon (1993), several of these species only have some of the diagnostic charac-
ters of the genus. These identifications made a dilemma: the species recognition
of Mongoloniscus, whether based on the only morphological criteria or parts of
diagnostic traits, is uncertain.

Considering that the DNA-based approach has revealed an effective way to
resolve the taxonomic problems of terrestrial isopods (e.g., Zeng et al. 2021; Kha-
laji-Pirbalouty et al. 2022; Raupach et al. 2022; Wang et al. 2022a; Yoshino and
Kubota 2022), we present mitochondrial COI and nuclear 28S rRNA data based
on a broad sample of taxa in the present study (Suppl. material 1: table S1). In
the molecular analyses, the results support the use of COl sequences as a useful
DNA barcode marker for identifying Mongoloniscus species (Suppl. material 1:
table S2), and indicate that Mongoloniscus is a monophyletic taxon closely re-
lated to Koreoniscus and Lucasioides (Fig. 2). Based on a combination of mor-
phological taxonomy and molecular analyses, we propose Lucasioides vannamei
(Arcangeli, 1927), comb. nov. out of Mongoloniscus, and M. chevronus Yang & An,
2021 as junior synonym of Koreoniscus racovitzai (Arcangeli, 1927). Furthermore,
we provide a more restrictive interpretation of Mongoloniscus, making the generic
characters more conducive to future species identifications.

If we follow the principle of the restrictive definition, several species previously
categorized as Mongoloniscus members may be transferred to the other genera,
e.g., M. persicus Kashani, 2014, M. katakurai (Nunomura, 1987), and M. vanna-
mei (Arcangeli, 1927) should be transferred to Lucasioides because their noduli
laterales on pereonites 2—4 are distinctly shifted from the lateral margins than
those on the other pereonites, instead of at nearly the same distance from the
lateral margin. Other congeners, such as M. amabilis Nunomura, 2013, M. masa-
hitoi (Nunomura, 1987), M. arvus Nunomura, 2010, M. hokurikuensis (Nunomura,
1987), M. persicus Kashani, 2014, M. ishikawai Nunomura, 2013 and M. circacau-
datus (Nunomura, 1987) etc., have similar taxonomic problems. These findings
highlight the need for the genus to be revised in future studies. In this context,
integrative taxonomy could be considered an effective method for resolving tax-
onomic ambiguities.
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Abstract

In this study, eight new species are described from the subtropical parts of Yunnan Prov-
ince in southwestern China: Belisana honghe Zhang, Li & Yao, sp. nov. (3'?), B. jiuxiang
Zhang, Li & Yao, sp. nov. (49), B. lincang Zhang, Li & Yao, sp. nov. (4'?), B. luxi Zhang,
Li & Yao, sp. nov. (4'9), B. tengchong Zhang, Li & Yao, sp. nov. (4'9), B. tongi Zhang, Li &
Yao, sp. nov. (49), B. yongsheng Zhang, Li & Yao, sp. nov. (&), and B. yunnan Zhang, Li
& Yao, sp. nov. (4?). They add up to a total of 31 Belisana species from Yunnan in an
updated list provided in this paper.

Key words: Biodiversity, checklist, daddy-long-legs, fogging, invertebrate, morphology,
taxonomy

Introduction

The family Pholcidae C.L. Koch, 1850 is a highly diverse spider group with 1,969
extant species in 97 genera (WSC 2024). Belisana Thorell, 1898 had been a
monotypic genus for more than 100 years. Huber (2005) was the first arachnol-
ogist to revise this genus: he transferred nine species from Spermophora Hentz,
1841 to Belisana and described 53 new species from Southeast Asia and north-
ern Australia. Yao and Li (2013) and Yao et al. (2013, 2015) redescribed the type
species B. tauricornis Thorell, 1898 based on type material from Myanmar, and
reported 19 new species from Laos and Vietnam. In China, several researchers
have also reported a large number of new species of Belisana. For instance,
Zhang and Peng (2011) described 11 new species from southern China (in the
provinces of Yunnan, Guizhou, Guangxi, Guangdong, and Hainan). Yao and his
colleagues identified 17 species from Xishuangbanna in Yunnan, including 15
new species (e.g., Yao et al. 2018; Zhao et al. 2023); they also described 11 new
species from Tibet, Sichuan, Guizhou, Guangxi, Guangdong, and Fujian (Zhu et
al. 20204, b; Yang et al. 2023). To date, 62 species have been recorded in south-
ern China (Yang et al. 2023; Zhao et al. 2023; WSC 2024). Altogether, there are
currently 148 species of Belisana globally, making it the second-largest genus
in Pholcidae (WSC 2024). They are distributed mainly in southern China, and
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in the Indo-Malayan and Australasian regions (Huber 2005; Zhu et al. 20204;
WSC 2024). They occupy a variety of micro-habitats, e.g., under rocks, in caves,
on the underside of leaves, among leaf litter, and amidst foliage in the canopy
(Huber 2005; Yao and Li 2013; Yao et al. 2015).

Currently, 23 species of Belisana have been recorded from Yunnan in south-
western China (WSC 2024). Most of them (19 species) were described from
tropical Xishuangbanna in southern Yunnan (Huber 2005; Zhang and Peng
2011; Zhao et al. 2023). Another four species were recorded in the subtropical
parts of Yunnan: two in the Hengduan Mountains (western Yunnan) and anoth-
er two on the Yunnan-Guizhou Plateau (eastern Yunnan) (Huber 2005; Zhang
and Peng 2011). This work aims to describe the newly discovered species from
these two subtropical sites (Fig. 1) and to provide an updated overview of the
diversity of Belisana species in Yunnan.

Materials and methods

Specimens were examined and measured with a Leica M205 C stereomicro-
scope. Left male palps were photographed. Epigynes were photographed be-
fore dissection. Vulvae were photographed after being treated in a 10% warm
potassium hydroxide (KOH) solution to dissolve soft tissues. Images were
captured with a Canon EOS 750D wide zoom digital camera (24.2 megapixels)
mounted on the stereomicroscope mentioned above and assembled using Hel-
icon Focus v. 3.10.3 image stacking software (Khmelik et al. 2005). Drawings
were done with Procreate 5.0.2 (Savage Interactive Pty. Ltd.). All measurements
are given in millimeters (mm). Leg measurements are shown as: total length
(femur, patella, tibia, metatarsus, and tarsus). Leg segments were measured on
their dorsal sides. The distribution map was generated with ArcGIS v. 10.2 (ESRI
Inc.). The specimens studied are preserved in 75% ethanol and deposited in the
Institute of Zoology, Chinese Academy of Sciences (IZCAS) in Beijing, China.

Terminology and taxonomic descriptions follow Huber (2005) and Yao et al.
(2015). The following abbreviations are used in the descriptions: ALE = ante-
rior lateral eye, AME = anterior median eye, PME = posterior median eye, L/d =
length/diameter; used in the illustrations: aa = anterior arch, b = bulb, ba = bul-
bal apophysis, da = distal apophysis, e = embolus, ep = epigynal pocket, f = flap,
pa = proximo-lateral apophysis, pp = pore plate, pr = procursus.

Taxonomy

Family Pholcidae C.L. Koch, 1850
Subfamily Pholcinae C.L. Koch, 1850

Genus Belisana Thorell, 1898

Type species. Belisana tauricornis Thorell, 1898.

Notes. A total of eight new species from Yunnan were recognized. Of these,
B. honghe sp. nov., B. jiuxiang sp. nov., B. tongi sp. nov., and B. yongsheng sp.
nov. are from the Yunnan-Guizhou Plateau; B. lincang sp. nov., B. luxi sp. nov., B.
tengchong sp. nov., and B. yunnan sp. nov. are from the Hengduan Mountains
(Fig. 1). A list of all Belisana species from Yunnan is provided in Table 1.
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Table 1. A list of the Belisana species from Yunnan, China.

The Hengduan Mountains 3. B. chenjini Yao & Li, 2018

1. B. lincang sp. nov. 4. B. chuandiani Li, Zheng & Yao, 2023
2. B. luxi sp. nov. 5. B. daxiangi Li, Zheng & Yao, 2023
3. B. nujiang Huber, 2005 6. B. dian Yao &Li, 2018
4. B. pianma Huber, 2005 7. B. fengzheni Li, Zheng & Yao, 2023
5. B. tengchong sp. nov. 8. B. gupian Yao & Li, 2018
6. B. yunnan sp. nov. 9. B. lata Zhang & Peng, 2011

The Yunnan-Guizhou Plateau 10. B. menghai Yao & Li, 2019
1. B. erromena Zhang & Peng, 2011 11. B. mengla Yao & Li, 2020
2. B. honghe sp. nov. 12. B. menglun Yao & Li, 2020
3. B. jiuxiang sp. nov. 13. B. mengyang Yao & Li, 2020
4. B. tongi sp. nov. 14. B. rollofoliolata (Wang, 1983)
5. B. yangi Zhang & Peng, 2011 15. B. schwendingeri Huber, 2005
6. B. yongsheng sp. nov. 16. B. xiaolongha Zhu & Li, 2021

Xishuangbanna 17. B. xishuangbanna Yao & Li, 2019

1. B. bubeng Zhu & Li, 2021 18. B. yangxiaodongi Yao & Li, 2018
2.B. cas Yao &Li, 2018 19. B. zhengi Yao, Pham & Li, 2015

Belisana honghe Zhang, Li & Yao, sp. nov.
https://zoobank.org/4945FF76-8093-4849-AEBC-3F7715FAQ9B0
Figs 2,3, 18A, B, 20A, B

Type material. Holotype & (IZCAS-Ar44949) and paratypes 23 (IZ-
CAS-Ar44950-51) 39 (IZCAS-Ar44952-54), Yanzi Cave (23°38.220'N,
103°3.200'E, 1080 m), Mawangzhuang, Miandian Town, Jianshui County, Hong-
he, Yunnan, China, 29/03/2007, J Liu & Y Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.

Diagnosis. The new species resembles B. cheni Yao, Pham & Li, 2015 (Yao
et al. 2015: 5, figs 4A-D, 5A—G, 6A—E) by having similar male chelicerae, bulbal
apophyses, and epigyne (Figs 3A, C, D, 20A), but can be distinguished by differ-
ences in males: procursus with nearly trapezoidal dorso-distal membranous
process (arrow 3 in Figs 2C, 18A vs half-round) and long (as long as dorso-dis-
tal membranous process), distally widened ventro-subdistal membranous pro-
cess (arrow 4 in Figs 2C, 18A vs short and distally pointed); differences in fe-
males: pore plates anteriorly pointed and posteriorly wide and blunt (Figs 3B,
20B vs narrow).

Description. Male (holotype): Total length 1.66 (1.74 with clypeus), carapace
0.63 long, 0.67 wide, opisthosoma 1.03 long, 0.84 wide. Leg I: 19.02 (5.05, 0.26,
5.00,7.05, 1.66), leg 1I: 14.38 (3.96, 0.25, 3.80, 5.15, 1.22), leg Ill missing, leg IV:
10.65 (3.16, 0.23, 2.53, 3.96, 0.77); tibia | L/d: 89. Eye inter-distances and diam-
eters: PME-PME 0.13, PME 0.07, PME—-ALE 0.02, AME absent. Sternum width/
length: 0.50/0.46. Habitus as in Fig. 3E, F. Carapace and sternum yellowish, with-
out marks. Legs whitish, without darker rings. Opisthosoma yellowish, without
spots. Thoracic furrow absent. Clypeus unmodified. Chelicerae (Fig. 3D) with a
pair of proximo-lateral apophyses and a pair of distal apophyses (distance be-
tween tips: 0.19). Palp as in Fig. 2A, B; trochanter with ventral apophysis (arrow 2
in Fig. 2B) and prolateral apophysis (arrow 1 in Fig. 2B); procursus simple proxi-
mally but complex distally, with sclerotized prolatero-distal apophysis (arrow 1 in
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Figure 1. Distribution records of the new Belisana species from Yunnan, China 1 Belisana honghe sp. nov. 2 B. jiuxiang sp. nov.
3 B. lincang sp. nov. 4 B. luxi sp. nov. 5 B. tengchong sp. nov. 6 B. tongi sp. nov. 7 B. yongsheng sp. nov. 8 B. yunnan sp. nov.

Figs 2C, 18A), sclerotized distal apophysis (arrow 2 in Figs 2C, 18A), dorso-distal
membranous process (arrow 3 in Figs 2C, 18A), ventro-subdistal membranous
process (arrow 4 in Figs 2C, 18A), and retrolateral flap (Figs 2D, 18B); bulb (Fig.
3C) with hooked apophysis and simple embolus. Retrolateral trichobothria on
tibia | at 9% proximally; legs with short vertical setae on metatarsi; tarsus | with
20 distinct pseudosegments.

Female (paratype, IZCAS-Ar44952): Similar to male, habitus as in Fig. 3G, H.
Total length 1.50 (1.62 with clypeus), carapace 0.49 long, 0.55 wide, opistho-
soma 1.01 long, 0.80 wide; tibia I: 3.60; tibia | L/d: 61. Eye inter-distances and
diameters: PME-PME 0.14, PME 0.06, PME-ALE 0.02, AME absent. Sternum
width/length: 0.47/0.44. Epigyne (Figs 3A, 20A) simple and flat, with a pair of
postero-lateral pockets 0.32 apart (arrow ep in Figs 3B, 20B, invisible in Figs 3A,
20A). Vulva (Figs 3B, 20B) with ridge-shaped anterior arch and a pair of anteri-
orly pointed and posteriorly wide and blunt pore plates.

Variation. Tibia | in one male paratype (IZCAS-Ar44950) (leg | miss-
ing in 1IZCAS-Ar44951): 5.64. Tibia | in the other two female paratypes (IZ-
CAS-Ar44953-54): 4.10, 4.25.

Habitat. The species was found in the dark zone inside the cave.

Distribution. China (Yunnan, type locality; Fig. 1).
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Figure 2. Belisana honghe sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow 1 points at ret-
rolateral apophysis, arrow 2 points at ventral apophysis) C, D distal part of procursus (C prolateral view, arrow 1 points
at sclerotized prolatero-distal apophysis, arrow 2 points at sclerotized distal apophysis, arrow 3 points at dorso-distal
membranous process, arrow 4 points at ventro-subdistal membranous process D retrolateral view). Abbreviations: b =
bulb, ba = bulbal apophysis, e = embolus, f = flap, pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 3. Belisana honghe sp. nov., holotype male (C-F) and paratype female (A, B, G, H) A epigyne, ventral view B vulva,
dorsal view C bulb, prolateral view D chelicerae, frontal view E-H habitus (E, G dorsal view F lateral view H ventral view).
Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophysis, e = embolus, ep = epigynal pock-
et, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A-D); 0.20 (E-H).
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Belisana jiuxiang Zhang, Li & Yao, sp. nov.
https://zoobank.org/734AE954-74BA-4B1B-81CE-1698150AEF86
Figs 4, 5,18C, D, 20C, D

Type material. Holotype & (IZCAS-Ar44955) and paratypes 23 (IZ-
CAS-Ar44956-57) 49 (IZCAS-Ar44958-61), Sanjiao Cave (25°8.059'N,
103°23.969'E, 1795 m), Jiuxiang Town, Yiliang County, Kunming, Yunnan, Chi-
na, 08/04/2007, J Liu & Y Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.

Diagnosis. The new species resembles B. tianlinensis Zhang & Peng, 2011
(zhang and Peng 2011: 65, fig. T0A-G) by having similar male chelicerae
and bulbal apophyses (Fig. 5C, D), but can be distinguished by differences
in males: clypeus unmodified (Fig. 5E vs with front apophysis), procursus
with pointed, sclerotized distal apophysis (arrow 1 in Figs 4C, 18C vs with
dorso-distal spine) and dorso-subdistal membranous process (arrow 2 in
Figs 4C, 18C vs absent); differences in females: epigyne with median pock-
ets (Figs 5A, B, 20C, D vs lateral), pore plates quadrilateral (Figs 5B, 20D vs
nearly triangular).

Description. Male (holotype): Total length 1.64 (1.74 with clypeus), car-
apace 0.63 long, 0.67 wide, opisthosoma 1.01 long, 0.80 wide. Leg I: 14.84
(3.86,0.33,3.80,5.15,1.70), leg 11: 9.62 (2.64, 0.26, 2.45,3.17,1.10), leg llI: 6.82
(2.03,0.19,1.66, 2.28,0.66), leg 1V: 8.79 (2.56, 0.26, 2.25, 2.94, 0.78); tibia | L/d:
56. Eye inter-distances and diameters: PME-PME 0.13, PME 0.07, PME-ALE
0.02, AME absent. Sternum width/length: 0.53/0.48. Habitus as in Fig. SE, F.
Carapace and sternum yellowish, without marks. Legs whitish, without darker
rings. Opisthosoma yellowish, without spots. Thoracic furrow absent. Clypeus
unmodified. Chelicerae (Fig. 5D) with a pair of proximo-lateral apophyses and
a pair of curved distal apophyses (distance between tips: 0.16). Palp as in Fig.
4A, B; trochanter with ventral apophysis (as long as wide, arrow 1 in Fig. 4B);
femur with tiny retrolatero-proximal protrusion (arrow 2 in Fig. 4B); procursus
simple proximally but complex distally, with pointed, sclerotized distal apophy-
sis (arrow 1 in Figs 4C, 18C), dorso-subdistal membranous process (arrow 2 in
Figs 4C, 18C), and nearly elliptic retrolateral flap (Figs 4D, 18D); bulb (Fig. 5C)
with hooked apophysis and simple embolus. Retrolateral trichobothria on tibia
| at 8% proximally; legs with short vertical setae on metatarsi; tarsus | with 19
distinct pseudosegments.

Female (paratype, |ZCAS-Ar44958): Similar to male, habitus as in Fig. 5G,
H. Total length 1.82 (1.92 with clypeus), carapace 0.73 long, 0.80 wide, opist-
hosoma 1.09 long, 0.83 wide; tibia I: 2.37; tibia | L/d: 36. Eye inter-distances
and diameters: PME-PME 0.14, PME 0.06, PME-ALE 0.02, AME absent. Ster-
num width/length: 0.61/0.60. Epigyne (Figs 5A, 20C) simple and flat, anteriorly
slightly sclerotized, with a pair of median pockets 0.15 apart. Vulva (Figs 5B,
20D) with ridge-shaped anterior arch bearing a pair of angular lateral sclerites
(arrow in Figs 5B, 20D) and a pair of quadrilateral pore plates.

Variation. Tibia | in two male paratypes (IZCAS-Ar44956-57): 3.91, 4.36. Tib-
ia | in the other three female paratypes (IZCAS-Ar44959-61): 2.84, 3.72, 3.78.

Habitat. The species was found in the dark zone inside the cave.

Distribution. China (Yunnan, type locality; Fig. 1).
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Figure 4. Belisana jiuxiang sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow 1 points at ven-
tral apophysis, arrow 2 points at retrolatero-proximal protrusion) C, D distal part of procursus (C prolateral view, arrow
1 points at sclerotized distal apophysis, arrow 2 points at dorso-subdistal membranous process D retrolateral view).

Abbreviations: f = flap, pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 5. Belisana jiuxiang sp. nov., holotype male (C—F) and paratype female (A, B, G, H) A epigyne, ventral view B vulva,
dorsal view, arrow points at lateral sclerite C bulb, prolateral view D chelicerag, frontal view E-H habitus (E, G dorsal view
F lateral view H ventral view). Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophysis,
e = embolus, ep = epigynal pocket, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A-D); 0.20 (E-H).
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Belisana lincang Zhang, Li & Yao, sp. nov.
https://zoobank.org/7401890D-953B-478C-AFBC-3E8E477689D1
Figs 6,7, 18E, F, 20E, F

Type material. Holotype & (IZCAS-Ar44962) and paratype 19 (IZ-
CAS-Ar44963), Bianfu Cave (24°19.862'N, 100°14.001'E, 1619 m), Yankou Vil-
lage, Laoxu Town, Yun County, Lincang, Yunnan, China, 05/08/2010, C Wang,
Q Zhao & L Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.

Diagnosis. The new species resembles B. phungae Yao, Pham & Li, 2015
(Yao et al. 2015: 9, figs 19A-D, 20A-G, 21A-E) by having similar male chelicer-
ae, bulbal apophyses, and epigyne (Figs 7A, C, D, 20E), but can be distinguished
by differences in males: procursus with dorso-distal membranous lamella (ar-
row 3 in Figs 6C, 18E vs absent), distally pointed ventro-subdistal membranous
lamella (arrow 4 in Figs 6C, 18E vs nearly half-round) and without dorso-subdis-
tal sclerite (Figs 6C, 18E vs present); differences in females: epigynal pockets
closer to each other (Figs 7A, B, 20E, F vs widely separated), pore plates curved
and narrow (Figs 7B, 20F vs nearly round).

Description. Male (holotype): Total length 1.78 (1.90 with clypeus), carapace
0.85 long, 0.88 wide, opisthosoma 0.93 long, 0.85 wide. Leg | missing, leg II:
6.69(1.78,0.31,1.62,2.18,0.80),leg Ill: 5.18 (1.42,0.26,1.19,1.68,0.63), leg IV:
6.70(1.90,0.28,1.70,2.13,0.69). Eye inter-distances and diameters: PME-PME
0.08, PME 0.09, PME-ALE 0.03, AME absent. Sternum width/length: 0.61/0.56.
Habitus as in Fig. 7E, F. Carapace yellowish, with brown median band; sternum
yellowish. Legs whitish, without darker rings. Opisthosoma yellowish, without
spots. Thoracic furrow absent. Clypeus unmodified. Chelicerae (Fig. 7D) with
a pair of proximo-lateral apophyses and a pair of curved distal apophyses (dis-
tance between tips: 0.15). Palp as in Fig. 6A, B; trochanter with ventral apophy-
sis (2x longer than wide, arrow 1 in Fig. 6B); femur with tiny retrolatero-proximal
protrusion (arrow 2 in Fig. 6B); procursus simple proximally but complex distal-
ly, with prolatero-distal membranous process (arrow 1 in Figs 6C, 18E) bearing
narrow lateral sclerite, sclerotized prolatero-distal apophysis (arrow 2 in Figs
6C, 18E), dorso-distal membranous lamella (arrow 3 in Figs 6C, 18E), and ven-
tro-subdistal membranous lamella (arrow 4 in Figs 6C, 18E); bulb (Fig. 7C) with
distally angular apophysis and simple embolus.

Female (paratype, IZCAS-Ar44963): Similar to male, habitus as in Fig. 7G,
H. Total length 2.48 (2.62 with clypeus), carapace 0.86 long, 0.86 wide, opist-
hosoma 1.62 long, 1.31 wide. Leg I: 9.08 (2.33, 0.33, 2.30, 2.97, 1.15); tib-
ia | L/d: 26. Eye inter-distances and diameters: PME-PME 0.09, PME 0.08,
PME-ALE 0.02, AME absent. Sternum approximately as wide as long (0.60).
Epigyne (Figs 7A, 20E) simple and flat, with dark internal shade and a pair of
postero-median pockets 0.05 apart. Vulva (Figs 7B, 20F) with sac-like struc-
ture (arrow in Figs 7B, 20F), sclerotized anterior arch, and a pair of curved,
long elliptic pore plates (5% longer than wide). Retrolateral trichobothria on
tibia | at 9% proximally; legs with short vertical setae on metatarsi; tarsus |
with 20 distinct pseudosegments.

Habitat. The species was found in the dark zone inside the cave.

Distribution. China (Yunnan, type locality; Fig. 1).
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Figure 6. Belisana lincang sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow 1 points at ventral
apophysis, arrow 2 points at retrolatero-proximal protrusion) C, D distal part of procursus (C prolateral view, arrow 1
points at prolatero-distal membranous process, arrow 2 points at sclerotized prolatero-distal apophysis, arrow 3 points
at dorso-distal membranous lamella, arrow 4 points at ventro-subdistal membranous lamella D retrolateral view). Abbre-
viations: b = bulb, ba = bulbal apophysis, e = embolus, pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 7. Belisana lincang sp. nov., holotype male (C—-F) and paratype female (A, B, G, H) A epigyne, ventral view B vulva,
dorsal view, arrow points at sac-like structure C right bulb, prolateral view D chelicerae, frontal view E~H habitus (E, G dor-
sal view F lateral view H ventral view). Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophy-
sis, e = embolus, ep = epigynal pocket, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A-D); 0.50 (E-H).
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Belisana luxi Zhang, Li & Yao, sp. nov.
https://zoobank.org/E3307ED5-995B-42A5-9FC8-84D6F6861A61
Figs 8,9, 18G, H, 20G, H

Type material. Holotype &' (IZCAS-Ar44964) and paratypes 12 (IZCAS-Ar44965)
39 (IZCAS-Ar44966-68), Xianfo Cave (24°19.971'N, 98°30.943'E, 1081 m), Man-
gliu Village, Luxi, Dehong, Yunnan, China, 03/08/2010, C Wang, Q Zhao &L Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.

Diagnosis. The new species resembles B. lincang sp. nov. (Figs 6, 7, 18E, F,
20E, F) by having similar epigyne and pore plates (Figs 9A, B, 20G, H), but can
be distinguished by differences in males: cheliceral distal apophyses pointing
downwards (Fig. 9D vs inwards), procursus without dorso-distal membranous
lamella (Figs 8C, 18G vs present) and with angular ventro-subdistal membra-
nous process (arrow 3 in Figs 8C, 18G vs distally pointed), bulbal apophysis
distally blunt (Fig. 9C vs distally angular); differences in females: epigynal pock-
ets widely separated (Figs 9A, B, 20G, H vs closer to each other), vulva without
sac-like structure (Figs 9B, 20H vs present), sclerotized part of anterior arch
strongly curved (Figs 9B, 20H vs straight).

Description. Male (holotype): Total length 2.25 (2.40 with clypeus), carapace
0.83 long, 0.84 wide, opisthosoma 1.42 long, 1.08 wide. Leg I: 15.92 (4.30, 0.33,
4.20,5.75,1.34), leg 11: 9.31 (2.48, 0.31, 2.35, 3.40, 0.77), leg llI: 6.39 (1.64, 0.29,
1.56, 2.25, 0.65), leg IV: 9.07 (2.56, 0.31, 2.35, 3.09, 0.76); tibia | L/d: 53. Eye in-
ter-distances and diameters: PME-PME 0.11, PME 0.10, PME-ALE 0.04, AME
absent. Sternum width/length: 0.65/0.63. Habitus as in Fig. 9E, F. Carapace yel-
lowish, with brown median band; sternum yellowish. Legs whitish, without darker
rings. Opisthosoma yellowish, without spots. Thoracic furrow absent. Clypeus
unmodified. Chelicerae (Fig. 9D) with a pair of proximo-lateral apophyses and a
pair of curved distal apophyses (distance between tips: 0.41). Palp as in Fig. 8A,
B; trochanter with ventral apophysis (as long as wide, arrow in Fig. 8B); procursus
simple proximally but complex distally, with prolatero-distal membranous process
(arrow 1 in Figs 8C, 18G) bearing narrow lateral sclerite, sclerotized dorso-subdis-
tal apophysis (arrow 2 in Figs 8C, 18G), and angular ventro-subdistal membra-
nous process (arrow 3 in Figs 8C, 18G); bulb (Fig. 9C) with distally blunt apophysis
and simple embolus. Retrolateral trichobothria on tibia | at 14% proximally; legs
with short vertical setae on metatarsi; tarsus | with 20 distinct pseudosegments.

Female (paratype, IZCAS-Ar44966): Similar to male, habitus as in Fig. 9G, H.
Total length 2.51 (2.65 with clypeus), carapace 0.89 long, 0.89 wide, opistho-
soma 1.62 long, 1.36 wide; tibia I: 2.37; tibia | L/d: 30. Eye inter-distances and
diameters: PME-PME 0.09, PME 0.08, PME-ALE 0.03, AME absent. Sternum
width/length: 0.61/0.56. Epigyne (Figs 9A, 20G) simple and flat, with a pair of
postero-lateral pockets 0.38 apart. Vulva (Figs 9B, 20H) with ridge-shaped, pos-
teriorly sclerotized anterior arch and a pair of curved, long elliptic pore plates
(6x longer than wide).

Variation. Tibia | in one male paratype (IZCAS-Ar44965): 3.46. Tibia | in the
other two female paratypes (IZCAS-Ar44967-68): 1.78, 2.82.

Habitat. The species was found in the twilight zone (entrance ecotone) of
the cave.

Distribution. China (Yunnan, type locality; Fig. 1).
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Figure 8. Belisana luxi sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow points at ventral
apophysis) C, D distal part of procursus (C prolateral view, arrow 1 points at prolatero-distal membranous process, arrow
2 points at sclerotized dorso-subdistal apophysis, arrow 3 points at ventro-subdistal membranous process D retrolateral
view). Abbreviations: b = bulb, ba = bulbal apophysis, e = embolus, pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 9. Belisana luxi sp. nov., holotype male (C-F) and paratype female (A, B, G, H) A epigyne, ventral view B vulva,
dorsal view C bulb, prolateral view D chelicerae, frontal view E—H habitus (E, G dorsal view F lateral view H ventral view).
Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophysis, e = embolus, ep = epigynal pock-
et, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A-D); 0.50 (E-H).
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Belisana tengchong Zhang, Li & Yao, sp. nov.
https://zoobank.org/D21705D9-7D42-4F9A-A4E9-27720466DF1D
Figs 10,11,18I,J,21A,B

Type material. Holotype & (IZCAS-Ar44969) and paratypes 23 (IZ-
CAS-Ar44970-71) 39 (IZCAS-Ar44972-74), Kongming Cave (25°20.447'N,
98°32.297'E, 1802 m), Jiangdong Village, Gudong Town, Tengchong County,
Baoshan, Yunnan, China, 18/08/2010, C Wang, Q Zhao &L Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.

Diagnosis. The new species resembles B. pianma Huber, 2005 (Huber 2005:
14, figs 5, 6, 56, 88-92, 112-130) by having similar bulbal apophyses and epi-
gyne (Figs 11A, C, 21A), but can be distinguished by differences in males: cly-
peus unmodified (Fig. 11E vs with a pair of front apophyses), cheliceral distal
apophyses on median part of chelicerae (Fig. 11D vs distal part), procursus
without distal spine and dorso-distal sclerite (Figs 10C, 18I vs present), and
with angular distal membranous process (arrow 2 in Figs 10C, 18I vs absent);
differences in females: pore plates wide and curved (2x longer than wide, Figs
11B, 21B vs narrow, 6x longer than wide).

Description. Male (holotype): Total length 1.95 (2.08 with clypeus), carapace
0.71 long, 0.85 wide, opisthosoma 1.24 long, 0.93 wide. Leg I: 18.34 (4.75,0.32,
4.90, 6.67, 1.70), leg 1l: 12.82 (3.56, 0.26, 3.40, 4.55, 1.05), legs Ill and IV miss-
ing; tibia | L/d: 65. Eye inter-distances and diameters: PME-PME 0.14, PME
0.10, PME-ALE 0.03, AME absent. Sternum width/length: 0.56/0.50. Habitus
as in Fig. 11E, F. Carapace and sternum yellowish, without marks. Legs whitish,
without darker rings. Opisthosoma yellowish, without spots. Thoracic furrow
absent. Clypeus unmodified. Chelicerae (Fig. 11D) with a pair of proximo-lat-
eral apophyses and a pair of curved distal apophyses (distance between tips:
0.28). Palp as in Fig. 10A, B; trochanter with ventral apophysis (as long as wide,
arrow 1 in Fig. 10B); femur with tiny retrolatero-proximal protrusion (arrow 2
in Fig. 10B); procursus simple proximally but complex distally, with curved,
sclerotized prolatero-distal apophysis (arrow 1 in Figs 10C, 18l), angular distal
membranous process (arrow 2 in Figs 10C, 18l), and narrow, curved retrolat-
ero-subdistal membranous process (arrow in Figs 10D, 18J); bulb (Fig. 11C)
with hooked apophysis and simple embolus. Retrolateral trichobothria on tibia
| on 17% proximally; legs with short vertical setae on metatarsi; tarsus | with 17
distinct pseudosegments.

Female (paratype, IZCAS-Ar44972): Similar to male, habitus as in Fig. 11G,
H. Total length 2.14 (2.26 with clypeus), carapace 0.66 long, 0.76 wide, opistho-
soma 1.48 long, 1.34 wide; tibia I: 3.36; tibia | L/d: 47. Eye inter-distances and
diameters: PME-PME 0.10, PME 0.10, PME-ALE 0.02, AME absent. Sternum
width/length: 0.54/0.50. Epigyne (Figs 11A, 21A) simple and flat, marginally
slightly sclerotized, with a pair of lateral pockets 0.30 apart. Vulva (Figs 11B,
21B) with curved anterior arch and a pair of wide, curved pore plates (2x longer
than wide) bearing indistinct teeth.

Variation. Tibia | in two male paratypes (IZCAS-Ar44970-71): 5.45, 5.83. Tib-
ia | in the other two female paratypes (IZCAS-Ar44973-74): 3.45, 4.05.

Habitat. The species was found in the dark zone inside the cave.

Distribution. China (Yunnan, type locality; Fig. 1).
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Figure 10. Belisana tengchong sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow 1 points at
ventral apophysis, arrow 2 points at retrolatero-proximal protrusion) C, D distal part of procursus (C prolateral view, arrow
1 points at sclerotized prolatero-distal apophysis, arrow 2 points at distal membranous process D retrolateral view, arrow
points at retrolatero-subdistal membranous process). Abbreviation: pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 11. Belisana tengchong sp. nov., holotype male (C—F) and paratype female (A, B, G, H) A epigyne, ventral view B
vulva, dorsal view C bulb, prolateral view D chelicerae, frontal view E—H habitus (E, G dorsal view F lateral view H ventral
view). Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophysis, e = embolus, ep = epigynal
pocket, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A, B); 0.10 (C, D); 0.30 (E-H).
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Belisana tongi Zhang, Li & Yao, sp. nov.
https://zoobank.org/4C53D853-BD6F-4E49-BBC9-DBBE5987F8AS5
Figs 12,13,18K, L, 21C,D

Type material. Holotype & (IZCAS-Ar44975) and paratypes 42 (I1Z-
CAS-Ar44976-79), Heilongtan Park (26°53.259'N, 100°14.034'E, 2155 m), Liji-
ang, Yunnan, China, 15/07/2021, Y Tong & D Bian leg.

Etymology. The specific name is a patronym in honour of the collector Yan-
feng Tong, which is a noun (name) in the genitive case.

Diagnosis. The new species resembles B. yangi Zhang & Peng, 2011 (Zhang
and Peng 2011: 65, fig. 1T1A—H) by having similar male chelicerae, bulbal apoph-
yses, and epigyne (Figs 13A, C, D, 21C), but can be distinguished by differences
in males: procursus with distal membranous process (arrow 2 in Figs 12C, 18K
vs absent) and dorso-distal spine (arrow 3 in Figs 12C, 18K vs absent); differ-
ences in females: epigyne with posterior pockets (Figs 13A, B, 21C, D vs ante-
rior), vulva with four distinct median teeth (arrows in Figs 13B, 21D vs absent),
pore plates nearly triangular (Figs 13B, 21D vs elliptic).

Description. Male (holotype): Total length 1.96 (2.08 with clypeus), carapace
0.71 long, 0.75 wide, opisthosoma 1.25 long, 0.80 wide. Leg I: 12.57 (3.30, 0.32,
3.22,4.50, 1.23), leg II: 8.49 (2.35, 0.28, 2.03, 2.88, 0.95), leg Ill missing, leg IV:
7.38(2.15,0.26,1.84,2.43,0.70); tibia | L/d: 45. Eye inter-distances and diame-
ters: PME-PME 0.12, PME 0.08, PME-ALE 0.02, AME absent. Sternum width/
length: 0.51/0.48. Habitus as in Fig. 13E, F. Carapace yellowish, with a pair of
curved median bands; sternum yellowish. Legs yellowish, without darker rings.
Opisthosoma yellowish, with dorsal and lateral black spots. Thoracic furrow
absent. Clypeus unmodified. Chelicerae (Fig. 13D) with a pair of proximo-lateral
apophyses and a pair of long, curved distal apophyses (distance between tips:
0.49). Palp as in Fig. 12A, B; trochanter with ventral apophysis (as long as wide;
arrow in Fig. 12A) and small retrolateral apophysis (arrow 1 in Fig. 12B); femur
with distinct ventral protrusion (arrow 2 in Fig. 12B); procursus simple proxi-
mally but complex distally, with narrow sclerite and teeth on prolatero-subdistal
part (arrow 1 in Figs 12C, 18K), distal membranous process (arrow 2 in Figs
12C, 18K), and dorso-distal spine (arrow 3 in Figs 12C, 18K); bulb (Fig. 13C)
with hooked apophysis and simple embolus. Retrolateral trichobothria on tibia
| at 7% proximally; legs with short vertical setae on metatarsi; tarsus | with 16
distinct pseudosegments.

Female (paratype, IZCAS-Ar44976): Similar to male, habitus as in Fig. 13G,
H. Total length 2.13 (2.21 with clypeus), carapace 0.68 long, 0.70 wide, opistho-
soma 1.45 long, 1.00 wide; tibia I: 2.91; tibia | L/d: 36. Eye inter-distances and
diameters: PME-PME 0.11, PME 0.07, PME-ALE 0.02, AME absent. Sternum
width/length: 0.55/0.53. Epigyne (Figs 13A, 21C) simple and flat, anteriorly
slightly sclerotized, with dark internal shade and a pair of postero-lateral pock-
ets 0.46 apart. Vulva (Figs 13B, 21D) with ridge-shaped anterior arch, a pair of
nearly triangular pore plates bearing distinct teeth, and four distinct median
teeth (arrows in Figs 13B, 21D).

Variation. Tibia | in the other three female paratypes (IZCAS-Ar44977-79):
2.25,2.47,2.55.

Habitat. The species was found in the leaf litter.

Distribution. China (Yunnan, type locality; Fig. 1).
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Figure 12. Belisana tongi sp. nov., holotype male A, B palp (A prolateral view, arrow points at ventral apophysis B retro-
lateral view, arrow 1 points at retrolateral apophysis, arrow 2 points at ventral protrusion) C, D distal part of procursus (C
prolateral view, arrow 1 points at prolatero-subdistal part, arrow 2 points at distal membranous process, arrow 3 points
at dorso-distal spine D retrolateral view). Abbreviation: pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 13. Belisana tongi sp. nov., holotype male (C—F) and paratype female (A, B, G, H) A epigyne, ventral view B vulva, dor-
sal view, arrows point at four distinct median teeth C bulb, prolateral view D chelicerae, frontal view E=H habitus (E, G dorsal
view F lateral view H ventral view). Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophysis,
e = embolus, ep = epigynal pocket, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A-D); 0.50 (E-H).
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Belisana yongsheng Zhang, Li & Yao, sp. nov.
https://zoobank.org/0996FDCD-9FEE-4635-B5D3-D9B14F913191
Figs 14,15, 19A, B

Type material. Holotype & (IZCAS-Ar44980), Yinhe Cave (26°27.127'N,
101°6.482'E, 2012 m), Renhe Town, Yongsheng County, Lijiang, Yunnan, China,
03/08/2010, C Wang, Q Zhao & L Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.

Diagnosis. The new species resembles B. halongensis Yao, Pham & Li, 2015
(Yao et al. 2015: 8, figs 16A-D, 17A-D, 18A-D) by having similar male chelicer-
ae and bulbal apophyses (Fig. 15A, B), but can be distinguished by differences
in males: procursus with two sclerotized distal apophyses (arrows in Figs 14C,
19A vs one prolatero-ventral sclerite), retrolateral flap (Figs 14D, 19B vs absent)
and without prolatero-distal membranous lamella (Figs 14C, 19A vs present).

Description. Male (holotype): Total length 1.74 (1.79 with clypeus), car-
apace 0.58 long, 0.65 wide, opisthosoma 1.16 long, 0.80 wide. Leg I: 11.43
(3.10, 0.26, 3.03, 3.76, 1.28), leg 1I: 7.94 (2.25, 0.24, 1.98, 2.55, 0.92), leg Il
5.65 (1.60, 0.21, 1.38, 1.82, 0.64), leg IV: 7.29 (2.09, 0.23, 1.80, 2.48, 0.69);
tibia | L/d: 47. Eye inter-distances and diameters: PME-PME 0.12, PME 0.07,
PME-ALE 0.02, AME absent. Sternum width/length: 0.51/0.46. Habitus as
in Fig. 15C-E. Carapace yellowish, with brownish radiating marks; sternum
yellowish. Legs whitish, without darker rings. Opisthosoma yellowish, with-
out spots. Thoracic furrow absent. Clypeus unmodified. Chelicerae (Fig.
15B) with a pair of proximo-lateral apophyses and a pair of distal apophyses
(distance between tips: 0.19). Palp as in Fig. 14A, B; trochanter with ven-
tral apophysis (as long as wide, arrow 1 in Fig. 14B) and retrolatero-ventral
apophysis (arrow 2 in Fig. 14B); procursus simple proximally but complex
distally, with two sclerotized distal apophyses (arrows in Figs 14C, 19A) and
nearly D-shaped retrolateral flap (Figs 14D, 19B); bulb (Fig. 15A) with hooked
apophysis and simple embolus. Retrolateral trichobothria on tibia | at 11%
proximally; legs with short vertical setae on metatarsi; tarsus | with 20 dis-
tinct pseudosegments.

Female: Unknown.

Habitat. The species was found in the dark zone inside the cave.

Distribution. China (Yunnan, type locality; Fig. 1).

Belisana yunnan Zhang, Li & Yao, sp. nov.
https://zoobank.org/757F74E0-B68C-47E6-9260-5061A26D54A4
Figs 16,17,19C, D, 21E, F

Type material. Holotype & (IZCAS-Ar44981) and paratypes 23 (I1Z-
CAS-Ar44982-83) 39 (IZCAS-Ar44984-86), Xianren Cave (24°13.929'N,
98°25.563'E, 1636 m), Luxi, Dehong, Yunnan, China, 24/08/2010, C Wang, Q
Zhao & L Lin leg.

Etymology. The specific name refers to the type locality, which is a noun in
apposition.
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Figure 14. Belisana yongsheng sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow 1 points at ventral
apophysis, arrow 2 points at retrolatero-ventral apophysis) C, D distal part of procursus (C prolateral view, arrows point at two
sclerotized distal apophyses D retrolateral view). Abbreviations: f = flap, pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 15. Belisana yongsheng sp. nov., holotype male A bulb, prolateral view B chelicerae, frontal view C-E habitus
(C dorsal view D ventral view E lateral view). Abbreviations: b = bulb, ba = bulbal apophysis, da = distal apophysis, e =
embolus, pa = proximo-lateral apophysis. Scale bars: 0.05 (A, B), 0.30 (C-E).
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Figure 16. Belisana yunnan sp. nov., holotype male A, B palp (A prolateral view B retrolateral view, arrow 1 points at ven-
tral apophysis, arrow 2 points at retrolatero-proximal protrusion) C, D distal part of procursus (C prolateral view, arrow 1
points at prolatero-ventral membranous lamella, arrow 2 points at distal membranous lamella, arrow 3 points at distal
spine D retrolateral view). Abbreviations: b = bulb, e = embolus, f = flap, pr = procursus. Scale bars: 0.10 (A, B); 0.02 (C, D).
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Figure 17. Belisana yunnan sp. nov., holotype male (C-F) and paratype female (A, B, G, H) A epigyne, ventral view B vulva,
dorsal view C bulb, prolateral view D chelicerae, frontal view E-H habitus (E, G dorsal view F lateral view H ventral view).
Abbreviations: aa = anterior arch, b = bulb, ba = bulbal apophysis, da = distal apophysis, e = embolus, ep = epigynal pock-
et, pa = proximo-lateral apophysis, pp = pore plate. Scale bars: 0.05 (A-D); 0.30 (E-H).
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Figure 18. Procursus in prolateral and retrolateral views (arrows point at same structures as photos of each species) A,
B Belisana honghe sp. nov. C, D B. jiuxiang sp. nov. E, F B. lincang sp. nov. G, H B. luxi sp. nov. |, J B. tengchong sp. nov. K,
L B. tongi sp. nov. Abbreviation: f = flap. Scale bars: 0.10.

ZooKeys 1202: 255-286 (2024), DOI: 10.3897/z00keys.1202.121633 281



Ludan Zhang et al.: New species of Belisana spiders, with updated overview from Yunnan, China

Figure 19. Procursus in prolateral and retrolateral views (arrows point at same structures as photos of each species) A,
B Belisana yongsheng sp. nov. C, D B. yunnan sp. nov. Abbreviation: f = flap. Scale bars: 0.10.

Diagnosis. The new species resembles B. yuhaoi Yang & Yao, 2023 (Yang et
al. 2023: 178, figs 2A, B, 3A-D, 4A-H) by having similar bulbal apophyses and
epigyne (Figs 17A, C, 21E), but can be distinguished by differences in males: tips
of cheliceral distal apophyses closer to each other (Fig. 17D vs widely separat-
ed), procursus without sclerotized dorso-subdistal apophysis (Figs 16C, 19C vs
present) and with nearly half-round retrolateral flap (Figs 16D, 19D vs angular);
differences in females: epigynal pockets closer to each other (Figs 17A, B, 21E,
F vs widely separated), pore plates nearly isosceles triangle-shaped (Figs 17B,
21F vs scalene triangle-shaped).

Description. Male (holotype): Total length 1.90 (1.98 with clypeus), car-
apace 0.79 long, 0.71 wide, opisthosoma 1.11 long, 0.87 wide. Leg I: 18.71
(4.85,0.56,4.75,7.05,1.50), leg 11: 9.35 (2.66, 0.30, 2.25, 3.25, 0.89), legs Il and
IV missing; tibia | L/d: 59. Eye inter-distances and diameters: PME-PME 0.11,
PME 0.08, PME-ALE 0.03, AME absent. Sternum width/length: 0.63/0.60. Hab-
itus as in Fig. 17E, F. Carapace yellowish, with brown radiating marks; sternum
yellowish. Legs whitish, without darker rings. Opisthosoma yellowish, without
spots. Thoracic furrow absent. Clypeus unmodified. Chelicerae (Fig. 17D) with
a pair of proximo-lateral apophyses and a pair of curved distal apophyses (dis-
tance between tips: 0.19). Palp as in Fig. 16A, B; trochanter with ventral apoph-
ysis (as long as wide, arrow 1 in Fig. 16B); femur with tiny retrolatero-proximal
protrusion (arrow 2 in Fig. 16B); procursus simple proximally but complex dis-
tally, with prolatero-ventral membranous lamella (arrow 1 in Figs 16C, 19C)
bearing median sclerotized part, distal membranous lamella (arrow 2 in Figs
16C, 19C) bearing median sclerotized part, distal spine (arrow 3 in Figs 16C,
19C), and nearly half-round retrolateral flap (Figs 16D, 19D); bulb (Fig. 17C)
with hooked apophysis and simple embolus. Retrolateral trichobothria on tibia
| at 14% proximally; legs with short vertical setae on metatarsi; tarsus | with 21
distinct pseudosegments.
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Figure 20. Female genitalia in ventral and dorsal views A, B Belisana honghe sp. nov. C, D B. jiuxiang sp. nov., arrow points
at lateral sclerite E, F B. lincang sp. nov., arrow points at sac-like structure G, H B. luxi sp. nov. Abbreviations: aa = anterior
arch, ep = epigynal pocket, pp = pore plate. Scale bars: 0.10.
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Figure 21. Female genitalia in ventral and dorsal views A, B Belisana tengchong sp. nov. C, D B. tongi sp. nov., arrows
point at four distinct median teeth E, F B. yunnan sp. nov. Abbreviations: aa = anterior arch, ep = epigynal pocket, pp =
pore plate. Scale bars: 0.10.

Female (paratype, IZCAS-Ar44984): Similar to male, habitus as in Fig. 17G,
H. Total length 2.14 (2.20 with clypeus), carapace 0.78 long, 0.77 wide, opistho-
soma 1.36 long, 1.00 wide; tibia I: 3.88; tibia | L/d: 52. Eye inter-distances and
diameters: PME-PME 0.13, PME 0.07, PME—-ALE 0.02. Sternum width/length:
0.62/0.56. Epigyne (Figs 17A, 21E) simple and flat, anteriorly slightly sclero-
tized, with a pair of postero-median pockets 0.12 apart. Vulva (Figs 17B, 21F)
with ridge-shaped anterior arch and a pair of nearly triangular pore plates.
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Variation. Tibia | in two male paratypes (IZCAS-Ar44982-83): 5.38, 6.73. Tib-

ia | in the other two female paratypes (IZCAS-Ar44985-86): 3.72, 3.85.
Habitat. The species was found in the dark zone inside the cave.
Distribution. China (Yunnan, type locality; Fig. 1).

Discussion

Altogether, including the eight species described in this paper, there are now 70
species of Belisana in China, representing 45% of the global total of the genus.
Within China, 31 species (44%) were found in Yunnan. Table 1 shows that within
Yunnan, the species count from Xishuangbanna (19 species) far outstrips those
of the Hengduan Mountains (six species) and Yunnan-Guizhou Plateau (six spe-
cies), both of which are geographically larger in area than the Xishuangbanna (Fig.
1). It is easy to speculate on the reasons for the apparent disparity among the
three datasets: field collections in Xishuangbanna have been more frequent than
in the Hengduan Mountains and the Yunnan-Guizhou Plateau. Although we do not
have hard figures in terms of man-hours, it is our general impression that more in-
tensive efforts have been expended in collecting spiders in Xishuangbanna than in
the two other localities, partly because fogging was carried out in Xishuangbanna
and not elsewhere. In fact, among the 19 species from Xishuangbanna, seven spe-
cies were collected by fogging. In conclusion, it should not be unreasonable to hy-
pothesize that more new species of Belisana may be discovered in the Hengduan
Mountains and Yunnan-Guizhou Plateau when a more concerted effort is made
to collect from both areas, which differ from Xishuangbanna by their subtropical
climate, larger geographic expanse, and by a higher prevalence of karst landforms.
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Abstract

With 252 species, Pseudopoda Jéger, 2000, is the largest genus in the family Sparassi-
dae and is widely distributed in South (49 species in Bhutan, India, Nepal and Pakistan),
East (158 species in China and Japan) and Southeast Asia (51 species in Indonesia,
Laos, Myanmar, Thailand and Vietnam). Few species have been found in more than one
region. In this paper, three new species of Pseudopoda are described from East and
Southeast Asia. Among them, one from China: P. fengtongzhaiensis Jager & Liu, sp.
nov. (?); one from Laos: P. baimai Jager & Liu, sp. nov. (?); and one from Thailand: P.
inthanonensis Jéger & Liu, sp. nov. (?). Additionally, the female of P kavanaughi Zhang,
Jéger & Liu, 2023 is described for the first time. Photos of the habitus and genitalia, as
well as a distribution map of all four species, are provided.

Key words: Heteropodinae, high diversity, Huntsman spiders, taxonomy

Introduction

The spider genus Pseudopoda, established by Jéger (2000) with Pseudopoda
prompta (O. Pickard-Cambridge, 1885) as the type species, has a broad distri-
bution across South, East and Southeast Asia. Up to now, 252 species have
been reported (World Spider Catalog 2024), with their habitats spanning eleva-
tions from 17 m (e.g., P. spirembolus J&ager & Ono, 2002) (Jager and Ono 2002)
to 3847 m (e.g., P. nyingchiensis Zhao & Li, 2018) (Jiang et al. 2018) above sea
level. These spiders inhabit a variety of environments, including foliage, leaf lit-
ter, rock crevices, caves, grasslands, under tree bark and stones or synanthrop-
ic environments. Most species of this genus typically have a limited distribution
range, but at the same time, the genus has a high local diversity (Jiang et al.
2018). Researchers speculate that the actual number of Pseudopoda species
may far exceed those formally described, hinting at the genus's rich yet partially
uncovered biodiversity (Cao et al. 2016; Jiang et al. 2018; Zhang et al. 2023).
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To date, nine species groups have been established, primarily based on mor-
phological and molecular characteristics (daliensis-group, interposita-group,
and signata-group) or solely on morphological features (diversipunctata-group,
latembola-group, martensi-group, parvipunctata-group, prompta-group, and
schwendingeri-group) (Jéger 2001; Zhang et al. 2017, 2019; Li et al. 2019).
Among these, the schwendingeri-group was based only on male characteristics.

One of the notable challenges in studying Pseudopoda spiders is the difficul-
ty in collecting mature pairs from the field, leading to many species being de-
scribed only based on one sex. Currently, more than half of the known species
(130) have been documented in this manner. In the course of our research, we
have identified three new species from Asia: P. baimai Jager & Liu, sp. nov., P.
fengtongzhaiensis Jager & Liu, sp. nov., and P. inthanonensis Jager & Liu, sp.
nov. However, only female specimens of these species have been reported. Addi-
tionally, during examination of material collected from Kongdang Village, Yunnan
Province, China, we found the female of P kavanaughi Zhang, Jager & Liu, 2023
(Zhang et al. 2023), enabling us to describe the female for the first time in this pa-
per. This study enriches our knowledge of the diversity of the genus Pseudopoda.

Material and methods

All specimens were kept in 75% ethanol and examined with an Olympus SZX16
stereomicroscope; details were further investigated with an Olympus BX51
compound microscope. Colouration is described in all species from specimens
in ethanol. Copulatory organs were examined and illustrated after dissection
from the spider bodies; epigynes were cleared with Proteinase K. Habitus pho-
tos were obtained with a Leica DMC4500 digital camera attached to a Leica
M205 C digital microscope. Coordinates are given in square brackets when
retrieved secondarily from Google Earth. A molecular sample ID and collection
acronym is given in brackets.

Leg measurements are shown as total length (femur, patella, tibia, metatar-
sus, tarsus). The number of spines is listed for each segment in the follow-
ing order: prolateral, dorsal, retrolateral, ventral (in femora and patellae ventral
spines are absent and fourth digit is omitted in the spination formula). The
terminology used in text and figure legends follows Jager (2007). All measure-
ments are given in millimetres.

All specimens treated in the present paper were compared with individuals
of described species within a certain distribution range to avoid describing syn-
onyms (e.g., P. nankunensis Zhang, Jager & Liu, 2023 in Zhang et al. 2023).

Abbreviations used in text and figures: AB, anterior bands; ALE, anterior later-
al eyes; AME, anterior median eyes; CH, clypeus height; CO, copulatory opening;
DS, dorsal shield of prosoma; EF, epigynal field; FD, fertilization duct; Fe, femur;
FW, first winding; IDS, internal duct system; LL, lateral lobes; Mt, metatarsus;
0S, Opisthosoma; Pa, patella; PLE, posterior lateral eyes; PME, posterior medi-
an eyes; Pp, palp; S, spermathecae; Ti, tibia; I, II, 11, IV, legs | to IV.

Collections (with curators): CAS, California Academy of Science, San Fran-
cisco, California, USA (L. Esposito); CBEE, Centre for Behavioural Ecology and
Evolution, College of Life Sciences, Hubei University, Wuhan, China (J. Liu);
MHNG, Muséum d'Histoire Naturelle, Geneve, Switzerland (P.J. Schwendinger);
SMF, Senckenberg Research Institute, Frankfurt, Germany (P. Jager).
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Results
Taxonomy

Family Sparassidae Bertkau, 1872
Subfamily Heteropodinae Thorell, 1873

Genus Pseudopoda Jager, 2000

Type species. Sarotes promptus O. Pickard-Cambridge, 1885.

Diagnosis. Small to large Heteropodinae. Species can be diagnosed by: 1)
conductor membranous (some species reduced or entirely absent); 2) em-
bolus broadened and flattened (at least in its proximal part); 3) retrolateral
tibial apophysis arising proximally or mesially from the tibia; 4) lateral lobes
of epigyne distinctly extend beyond the epigastric furrow, covering the median
septum in most species; 5) first winding membranous, with bent margins in
most species; and 6) first winding or first winding and lateral lobes covering
the internal duct system in dorsal view (modified from Jager 2000, Jiang et al.
2018 and Zhang et al. 2023).

Pseudopoda baimai Jager & Liu, sp. nov.
https://zoobank.org/A0DC4815-BE5C-48D8-B349-524C54B51117
Figs1,2,9

Type material. Holotype female: LAOS, Vientiane Province: Vang Vieng, W of
Nam Song, Tham Nam Or Kjem, in cave, 18°55'46.86"N, 102°20'56.82"E, 324 m,
28 July 2016, by hand, by day. P. Jager leg. (SMF, LAO0008). Paratype: 1 female,
with same data as for holotype (SMF, LAO000S).

Etymology. The specific name is derived from the Laos word baimai (Zulw),
meaning foliage and referring to the fact that the holotype female was collect-
ed on foliage of a secondary forest; noun in apposition.

Diagnosis. The female of P baimai Jager & Liu, sp. nov. resembles P.
gongschana Jager & Vedel, 2007 (Jager and Vedel 2007) by: 1) IDS visible
through cuticle in ventral view as large circular patches in centre of LL; and 2)
posterior margins of LL with median indentation. It can be recognised by: 1) S
largely covered by LL in dorsal view; and 2) anterior margins of LL straight, al-
most “V"-shaped in ventral view, their lateral ends with a bend, laterad (covered
by FW, anterior margins distinctly convex, their lateral ends latero-posteriad in
P. gongschana).

Female (LAO0008): Measurements: Medium sized. Body length 11.3, DS
length 4.6, width 4.0, OS length 6.7, width 3.8. Eyes: AME 0.12, ALE 0.26, PME
0.22, PLE 0.24, AME-AME 0.16, AME-ALE 0.08, PME-PME 0.28, PME-PLE
0.35, AME-PME 0.33, ALE-PLE 0.30, CH AME 0.40, CH ALE 0.34. Spination: Pp
131,101, 2121, 1014; Fe I-111 323, IV 331; Pa I-111 001, IV 000; Ti I-11 2226, llI-IV
2026; Mt |-11 2024, 111 3024, IV 3036. Measurements of palps and legs: Pp 7.1
(2.0,1.0,1.6,-,2.5);125.9(7.7,2.1,7.4,7.0,1.7);1128.7 (8.2, 2.5, 8.4, 7.4, 2.2); lll
22.2(6.3,1.9,6.8,5.9,1.3);1IV24.4(7.9,1.2,7.0,7.3,2.0). Leg formula: II-I-IV-III.
Promargin of chelicerae with three teeth, retromargin with four teeth, cheliceral
furrow with c. 33 denticles.
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Figure 1. Pseudopoda baimai Jager & Liu, sp. nov., holotype, female A epigyne, ventral B
schematic course of IDS, dorsal C vulva, dorsal. Scale bars: 0.5 mm.
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Figure 2. Pseudopoda baimai Jager & Liu, sp. nov., female habitus (A dorsal B ventral). Scale bars: 2 mm.

Epigyne (Fig. 1A-C): As in diagnosis. EF wider than long, without AB. Posteri-
or margins of LL irregularly rounded. S oval-shaped, occupying most part of LL
in ventral view. Most parts of FW covered by LL in dorsal view.

Colouration (Fig. 2A, B): DS yellow with dark spots. Fovea distinct. Margin with
dark marks. OS dorsally yellowish brown with two light yellow regions at poste-
rior part, ventrally light yellow, with several brown marks, irregularly arranged.

Male: Unknown.

Variation. Female (N = 1): body length 12.7, DS length 5.3, OS length 7.4.

Remarks. This species might potentially be conspecific with P caudata
Zhang, Jager & Liu, 2023 (Zhang et al. 2023), given that the two habitats are
only about 100 kilometres apart. However, there are subtle differences in color-
ation and patterns on the dorsal side of the females compared to the males of
P caudata, indicating a possible distinction between the two species. Further
research and future findings are needed to conclusively resolve this ambiguity.

Distribution. Laos (Vientiane Province) (Fig. 9).
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Pseudopoda fengtongzhaiensis Jager & Liu, sp. nov.
https://zoobank.org/FE214929-DE51-4FDC-9314-6150FAE50863
Figs 3,4,9

Type material. Holotype female: CHINA, Sichuan Province: Ya'an City, Baox-
ing County, Fengtongzhai National Nature Reserve, 30°34'17"N, 102°52'58"E,
1604 m, 5 May 2016, Y. Zhong leg. (CBEE, LJ2215). Paratypes: 3 females, with
same data as for holotype (CBEE, LJ2216-LJ2218).

Etymology. The specific name is derived from the type locality, the Fengtong-
zhai National Nature Reserve; adjective.

Diagnosis. The female of P. fengtongzhaiensis Jager & Liu, sp. nov. is similar
to that of P emei Zhang, Zhang & Zhang, 2013 (Zhang et al. 2013) by: 1) LL
large, and the length of the lateral margin of LL almost equal to that of median
margin in ventral view; and 2) FW well developed. It can be distinguished by: 1)
S with a distinct turning in ventral view; and 2) posterior margins of LL rounded
and smooth in ventral view (S simple and close to anterior margins of LL, pos-
terior margins of LL with distinct posterior incisions in P emei).

Female (LJ2215): Measurements: Medium sized. Body length 15.8, DS
length 7.8, width 6.5, OS length 8.0, width 4.9. Eyes: AME 0.22, ALE 0.37, PME
0.24, PLE 0.31, AME-AME 0.13, AME-ALE 0.07, PME-PME 0.18, PME-PLE
0.44, AME-PME 0.27, ALE-PLE 0.23, CH AME 0.38, CH ALE 0.25. Spination:
Pp 131, 101, 2121, 1014; Fe 1-11 323, llI-1V 322; Pa -1l 101, IV 100; Ti | 1016,
[1-1V 2026; Mt 1-11 2024, Il 3025, IV 3036. Measurement of palps and legs: Pp
8.8(2.51.2,1.9,-,3.2);125.3(7.6,2.3,7.4,6.2,1.8),1127.9 (8.0, 2.9, 8.3, 6.6,
2.1),11120.4 (6.8,1.6, 5.6, 4.9, 1.5), 1V 24.7 (7.8, 1.7, 6.8, 6.4, 2.0). Leg formula:
[I-I-IV-11l. Promargin of chelicerae as in P. baimai Jager & Liu, sp. nov., cheliceral
furrow with c. 24 denticles.

Epigyne (Fig. 3A-C): As in diagnosis. EF wider than long, with distinct AB.
Anterior margins of LL distinctly curved and forming a broad V-shaped, and
resembling a heart, in ventral view. FW of IDS well developed, covering entire
S, large parts of FW covered by LL in dorsal view. FD long and narrow, suited
medially.

Colouration (Fig. 4A, B): DS reddish-brown with dark spots, margin with dis-
tinct marks. Fovea and striae distinctly marked and with a few dark dots. OS
dorsally dark brown, with lots of yellow and small dots, and several big dots in
anterior part, with a transversal yellow line in posterior part. OS ventrally brown,
margins with dark hairs, with a yellow region in middle part.

Male: Unknown.

Variation. Females (N = 3): body length 15.1-16.3, DS length 7.1-8.0, 0OS
length 8.0-8.3.

Remarks. This species may potentially be conspecific with P. acutiformis
Zhang, Jager & Liu, 2023 (Zhang et al. 2023), as they share the same habitat.
However, there are notable differences in the coloration and patterns on the
dorsal side of the females compared to the males of P. acutiformis, suggesting
they might be distinct species. Additionally, another species, P. flexa Zhang,
Jéger & Liu, 2023 (Zhang et al. 2023), is also located in this Reserve. Resolution
of these ambiguities will depend on future research and findings.

Distribution. China (Sichuan Province) (Fig. 9).
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Figure 3. Pseudopoda fengtongzhaiensis Jager & Liu, sp. nov., holotype, female A epi-
gyne, ventral B schematic course of IDS, dorsal C vulva, dorsal. Scale bars: 0.5 mm.
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Figure 4. Pseudopoda fengtongzhaiensis Jager & Liu, sp. nov., female habitus (A dorsal B ventral). Scale bars: 2 mm.

Pseudopoda inthanonensis Jager & Liu, sp. nov.
https://zoobank.org/E105C872-E060-4202-AA79-6C5DB6EAC7E4
Figs 5, 6,9

Type material. Holotype female: THAILAND, Chiang Mai Province: Doi Inthanon
National Park, [18°35'24"N, 98°28'48"E], 1680 m, 24 October 2002, P. Dankitti-
pakul leg. (MHNG, THI0068).

Etymology. The specific name is derived from the type locality, the Doi Intha-
non National Park; adjective.

Diagnosis. The female of P, inthanonensis Jager & Liu, sp. nov. can be distin-
guished from those of all other Pseudopoda species by the posterior margins
of LL with a distinct inverted V-shaped indentation at the middle part.

Female (THI0068): Measurements: Medium sized. Body length 12.7, DS length
4.9, width 4.2, OS length 7.8, width 4.5. Eyes: AME 0.24, ALE 0.34, PME 0.27, PLE
0.32, AME-AME 0.19, AME-ALE 0.09, PME-PME 0.21, PME-PLE 0.38, AME-
PME 0.30, ALE-PLE 0.26, CH AME 0.36, CH ALE 0.27. Spination: Pp 131, 001,
2121,1004; Fe 1-11323, 111 322, IV 331; Pa I-IV 101; Ti I-1V 2026; Mt I-11 2024, 111
3024, 1V 3036. Measurement of palps and legs: Pp 7.8 (2.3,1.8,1.0,—,2.7);123.8
(7.0,2.3,6.9,6.1,1.5),1128.4 (8.1,2.5,8.4,7.3,2.1),11118.4 (6.0, 1.5,5.1,4.7,1.1),
IV 24.3 (7.3,1.8, 6.3, 6.9, 2.0). Leg formula: II-IV-I-lll. Promargin of chelicerae as
in P. baimai Jager & Liu, sp. nov., cheliceral furrow with c. 27 denticles.

Epigyne (Fig. 5A—C): As in diagnosis. EF wider than long, AB long, but indistinct.
LL narrow, with anterior margins slightly curved. S oval-shaped in ventral view,
covered by FW and posterior part of LL in dorsal view. FD long, suited medially.
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Figure 5. Pseudopoda inthanonensis Jager & Liu, sp. nov., holotype, female A epigyne,
ventral B schematic course of IDS, dorsal C vulva, dorsal. Scale bars: 0.5 mm.
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Figure 6. Pseudopoda inthanonensis Jager & Liu, sp. nov., female habitus (A dorsal B ventral). Scale bars: 2 mm.

Colouration (Fig. 6A, B): DS reddish-brown with dark spots. Margins with
dash dark dots. Fovea and striae distinctly marked. OS dorsally brown, with
several dots at anterior part, with two round patches at the posterior half. 0S
ventrally yellow, with several brown and irregular marks.

Male: Unknown.

Remarks. It is possible that this species is conspecific with P. columnacea
Zhang, Jager & Liu, 2023 (Zhang et al. 2023) due to their shared habitat. How-
ever, significant variations in the color and patterns on the dorsal side of the
females compared to the males of P. columnacea suggest they could be differ-
ent species. Clarifying these uncertainties will require additional research and
future discoveries.

Distribution. Thailand (Chiang Mai Province) (Fig. 9).

Pseudopoda kavanaughi Zhang, Jager & Liu, 2023
Figs 7-9

Pseudopoda kavanaughi Zhang, Jager & Liu, 2023: 149, figs 135A-C, 136A, B
(Holotype male from Yunnan Province, China, deposited in CAS, examined).
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Figure 7. Pseudopoda kavanaughi Zhang, Jager & Liu, 2023, female A epigyne, ventral B
schematic course of IDS, dorsal C vulva, dorsal. Scale bars: 0.5 mm.
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Figure 8. Pseudopoda kavanaughi Zhang, Jager & Liu, 2023, female habitus (A dorsal B ventral). Scale bars: 2 mm.

Material examined. CHINA, Yunnan Province: 1 female, Gongshan Coun-
ty, Dulongjiang Township, 2.3-3.3 km south of Longyuan Village, 28°0'19"N,
98°19'42"E, 1690 m, 2 November 2004, D.H. Kavanaugh leg. (CAS, CAS0035);
1 female, Gongshan County, Dulongjiang Township, Dizheng Wang, across Du-
longjiang from Dizhengdang, 28°5'12"N, 98°19'42"E, 1910 m, 20 October 2004,
D.H. Kavanaugh leg. (CAS, CAS0034).

Diagnosis. The female of this species is similar to P. tianpingensis Zhang,
Jéger & Liu, 2023 (Zhang et al. 2023) by: 1) anterior margins of LL U-shaped
and almost parallel to posterior margins; and 2) sclerotised part of IDS oval-
shaped in ventral view. It can be recognised by the sclerotised part of S forming
“J\" -shape, extending in oblique downward axis in ventral view (almost parallel
to anterior margins and posterior margins, extending in oblique upward axis in
ventral view in P. tianpingensis).

Female (CAS0034): Measurements: Small sized. Body length 8.2, DS length
3.8, width 3.5, OS length 4.4, width 3.3. Eyes: AME 0.22, ALE 0.35, PME 0.25,
PLE 0.33, AME-AME 0.14, AME-ALE 0.08, PME-PME 0.18, PME-PLE 0.38,
AME-PME 0.29, ALE-PLE 0.24, CH AME 0.36, CH ALE 0.27. Spination: Pp
131,101, 2121, 1014; Fe I-111 323, IV 321; Pa I-1V 101; Ti I-11l 2224, IV 2226;
Mt I-111014, 111 2024, IV 3036. Measurement of palps and legs: Pp 5.0 (1.5, 1.0,
0.7,-,1.8);112.6 (3.5,1.5,3.7,2.9,1.0), 11 15.4 (4.3, 1.8, 4.5, 3.3, 1.5), 111 10.2
(3.1,0.9, 2.8, 2.6,0.8), IV 13.1 (3.9, 1.2, 3.4, 3.1, 1.5). Leg formula: lI-IV-I-1lI.
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Figure 9. Distribution map of the four species from the genus Pseudopoda. The num-
bers represent the different species. 1 P. baimai Jager & Liu, sp. nov. 2 P. fengtongzhaien-
sis Jager & Liu, sp. nov. 3 P. inthanonensis Jager & Liu, sp. nov. 4 P. kavanaughi Zhang,
Jager & Liu, 2023.

—

Promargin of chelicerae as in P. baimai Jager & Liu, sp. nov., cheliceral furrow
with c. 16 denticles.

Epigyne (Fig. 7A—C): As in diagnosis. EF wider than long, with short AB. S
clearly visible, and slightly bent to anterior margins to LL in ventral view, all
covered by FW and posterior part of LL in dorsal view. FD long, suited medially.

Colouration (Fig. 8A, B): DS reddish-brown with dark dots. Fovea and striae dis-
tinctly marked. OS dorsally reddish-brown with lots of black dots, ventrally brown
with several black marks, with several reddish-brown patches at posterior part.

Male: For details see Zhang et al. (2023).

Variation. Female (N = 1): body length 7.7, DS length 3.2, OS length 4.5.

Remarks. This female’s location is close to that of the male of P. kavanaughi.
Although there are slight differences in colouration, we consider it the conspe-
cific female.

Distribution. China (Yunnan Province) (Fig. 9).
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Abstract

The revision of the flea beetle genus Argopistes Motschulsky, 1860 in Madagascar is
provided. Six new species are described: Argopistes janakmoravecorum sp. nov., A. lat-
erosinuatus sp. nov., and A. vadoni from the northern area; A. jenisi sp. nov., A. keiseri
sp. nov., and A. seyrigi sp. nov. from the central area. A new synonym of Argopistes
brunneus Weise, 1895 is established: A. sexguttatus Weise, 1895, syn. nov., since A. sex-
guttatus is shown to be a chromatic form of A. brunneus. A diagnostic key of the seven
Malagasy Argopistes species is provided, with photographs of the habitus, median lobe
of the aedeagus, and spermatheca. Finally, based on known occurrences, the current
suitable areas for this flea beetle genus in Madagascar are estimated using Ecological
Niche Modelling (ENM) techniques.

Key words: Afrotropical region, Ecological Niche Modelling, flea beetles, new species,
synonymy

Introduction

Madagascar is considered one of the world’s most important biodiversity hotspots
thanks to the many field campaigns conducted since the 17" century that docu-
mented its species richness (e.g., Andriamialisoa and Langrand 2022). Neverthe-
less, its faunistic diversity is still only partially known, especially for some inver-
tebrate groups, including flea beetles (Coleoptera, Chrysomelidae, Galerucinae,
Alticini) (lannella et al. 2019). Biondi and D’Alessandro (2012) reported approxi-
mately 260 flea beetle species in 39 genera from Madagascar, of which 13 were
endemics. Subsequent published papers and additional material preserved in pub-
lic and private collections demonstrate that these numbers are significantly under-
estimated (Biondi and D’Alessandro 2013a,2013b, 2016; D'Alessandro et al. 2014).

The flea beetle genus Argopistes Motschulsky, 1860 was described based
on a new species from Siberia, A. biplagiatus Motschulsky, 1860, the type spe-
cies by monotypy. The genus was subsequently reported for the Afrotropical,
Australian, Neotropical, Oriental, and Palearctic Regions, with a total of 38 spe-
cies (Blanco and Konstantinov 2013).

Nadein (2015), through a morphological-based cladistic analysis, attributed
Argopistes to the subtribe Diboliina with Dibolia Latreille, Megistops Boheman,
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and Paradibolia Baly. More recent papers based on the use of molecular data
considered Argopistes closely related to Apteropeda Chevrolat (Hlaka et al.
2022), Dibolia, and Apteropeda (Letsch and Beran 2023), or Dibolia and Sphaero-
derma Stephens (Douglas et al. 2023). Nevertheless, all authors agreed that
additional molecular data and denser taxon sampling are required to provide a
robust basis for establishing internal relationships among Alticini and possible
subtribal classifications.

Blanco and Konstantinov (2013) recognized nine valid Argopistes species
in the Afrotropical Region, including Madagascar, but at least 13 new species
are currently being described from that area, based on new unpublished mate-
rial (M. Biondi, unpublished data). In this paper, we provided a revision of the
Malagasy Argopistes species. We described Argopistes janakmoravecorum sp.
nov., A. laterosinuatus sp. nov., and A. vadoni sp. nov. from the northern area,
and A. jenisi sp. nov., A. keiseri sp. nov., and A. seyrigi sp. nov. from the central
area. We proposed a new synonym of Argopistes brunneus Weise, 1895, A. sex-
guttatus Weise, 1895, syn. nov. Finally, based on the known occurrences, we
reconstructed the current high suitability areas for the Argopistes species in
Madagascar using Ecological Niche Modelling (ENM) techniques.

Materials and methods

Material examined consisted of dried pinned specimens preserved in the in-
stitutions listed in the Abbreviations section. Specimens were examined, mea-
sured, and dissected using a Leica M205C stereomicroscope. Photographs
were taken using a Leica DMC5400 camera and compiled with the focus stack-
ing technique using Zerene Stacker software v. 1.04. Scanning electron micro-
graphs were taken using a Hitachi TM-1000. Terminology followed Schmitt et
al. (2023) for the median lobe of the aedeagus, and Déberl (1986) and Suzuki
(1988) for the spermatheca. Geographic coordinates were reported in the De-
grees and Decimal Minutes format (DDM) using the WGS84 datum; informa-
tion included in square brackets was added by the authors, using the Google
Earth website for coordinates and geographic information. Chorotypes follow
Biondi and D’Alessandro (2006). Vegetation division names refer to Sayre et al.
(2013). Abbreviations for the depositories followed the list on the website The
Insect and Spider Collections of the World (Evenhuis 2023). Exact label data
were cited for all type specimens of the examined or described species; a dou-
ble slash (//) divided the data on different labels and a single slash (/) divided
the data in different rows.

Ecological Niche Models (ENMs) were built based on all the known occur-
rences, and on 19 temperature- and precipitation-related “bioclimatic” raster
variables selected as candidate predictors from the Worldclim.org reposito-
ry (Fick and Hijmans 2017), namely BIO1: annual mean temperature, BIO2:
mean diurnal range (mean of monthly (max temp—min temp)), BIO3: isother-
mality (BIO2/BI07) (x100), BIO4: temperature seasonality (standard deviation
x100), BIO5: max temperature of warmest month, BIO6: min temperature of
coldest month, BIO7: temperature annual range (BI05-BI06), BIO8: mean tem-
perature of wettest quarter, BIO9: mean temperature of driest quarter, BIO10:
mean temperature of warmest quarter, BI0O11: mean temperature of coldest
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quarter, BIO12: annual precipitation, BIO13: precipitation of wettest month,
BIO14: precipitation of driest month, BIO15: precipitation seasonality (coef-
ficient of variation), BIO16: precipitation of wettest quarter, BIO17: precipi-
tation of driest quarter, BIO18: precipitation of warmest quarter, and BIO19:
precipitation of coldest quarter. To avoid potential correlation among vari-
ables, which leads to the lowering of the model’s performance, we measured
both the variance inflation factor (VIF), setting the threshold = 10 (Guisan
et al. 2017), and Pearson’s r (|r| < 0.75, following Dormann (2007) and Elith
et al. (2006)); for this purpose, we used the ‘vifstep’ and ‘vifcor’ functions
of the ‘usdm’ R package (Naimi 2017). The variables obtained as the analy-
ses’ outcomes were then selected as predictors to calibrate the models. The
ENMs were performed using the “Presence-only Prediction (Maxent)” tool in
the ArcGis Spatial Analyst. This tool permits to infer, based on a set of envi-
ronmental predictors and occurrence localities (specifically, a presence-only
dataset), the suitability of a certain taxon across an area, also giving marginal
response curves of the predictors with respect to the predicted suitability. Its
main advantage in terms of model discrimination capability is the possibility
to calibrate and evaluate performances through a spatial jackknifing proce-
dure (ESRI, 2023). Moreover, the ENM’s performance was evaluated by both
assessing the Area Under the Curve (AUC) of the ROC (Phillips et al. 2006),
automatically resulting from the ArcGIS tool, and the Continuous Boyce Index
(CBI), particularly useful for presence-only models (Hirzel et al, 2006; Leroy et
al. 2018), calculated through the ‘ecospat.boyce’ function in the ‘ecospat’ R
package (Di Cola et al. 2017).

Abbreviations
Collections and repositories

BAQ Italy, University of UAquila, Collection of M. Biondj;
NHMB Switzerland, Basel, Naturhistorisches Museum;
RMCA Belgium, Tervuren, Musée Royal de I'Afrique Centrale;

ZMHB Germany, Berlin, Museum fiir Naturkunde.

Biometrics

LA numerical sequence from base to apex of each antennomere, pro-
portional to the length of the first antennomere;

LAED length of median lobe of the aedeagus;

LAN length of antennae;

LB total body length (from apical margin of head to apex of elytra);

LE maximum length of elytra;

LF maximum length of hind femora;

LP medial length of pronotum;

LSPC maximum length of spermathecal capsule;

WE maximum width of elytra combined;

WF maximum width of hind femora;

WP maximum width of pronotum.
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Results
Taxonomy

Argopistes brunneus Weise
Figs 1, 8A

Argopistes brunneus Weise, 1895: 336.
Argopistes sexguttatus Weise, 1895: 336. syn. nov.

Type material examined. Holotype of Argopistes brunneus J: “Madagasc. /
Pipitz // Madagasc / 195 / Pipitz” [Madagascar, Dr. Pipitz leg.] [handwritten
on light blue cards] “Argopistes / brunneus / m” [handwritten on white card)],
“HOLOTYPUS / Argopistes brunneus Weise / labelled by MNHUB” [printed on
red card], (ZMHB).

Holotype of Argopistes sexguttatus J: “Madagasc. / Pipitz // Madagasc /
193 / Pipitz” [Madagascar, Dr. Pipitz leg.] [handwritten on light blue cards] “Ar-
gopistes / 6-guttatus/ m” [handwritten on white card]”, “HOLOTYPUS / Argo-
pistes sexguttatus Weise / labelled by MNHUB” [printed on red card], (ZMHB).

Additional material examined. 1 spec., Madagascar Nord, Antsiranana prov.,
Amber Gebirge [~12°2.20'S, 49°15.02'E] (ZMHB); 1 spec., Madagascar, Toama-
sina prov., forét de Fito, ex Coll. Dr. Breuning, [17°59.99'S, 48°50.50'E] (RMCA);
2 specs, Madagascar, Tamatave [= Toamasina, 18°8.97'S, 49°24.14'E] (ZMHB);
2 specs, ibid, Coll. Clavareau (RMCA); 1 spec., Madagascar, Fianarantsoa prov.,
Ranomafana env. [21°15.76'S, 47°27.12'E], 28.i-6.ii.1995, Ivo Jenis leg. (BAQ).

Redescription. Body subrounded in dorsal view, with slightly paral-
lel sides (Fig. 1A, C), strongly convex in lateral view; total length of body
(LB) = 3.82 + 0.13 mm (3.68 < LB < 3.98 mm) in male, and 3.79 + 0.06 mm
(3.72 = LB = 3.84 mm) in female; maximum pronotal width at the base:
WP =2.33 +0.05mm (2.28 < WP < 2.40 mm) in male, and 2.27 + 0.07 mm (2.20
< WP = 2.36 mm) in female; maximum width of elytra in the middle: WE =3.15 %
0.07 mm (3.08 < WE = 3.24 mm) in male, and WE = 3.19 + 0.10 mm (3.04 < WE
< 3.24 mm) in female; WE/WP =1.35 + 0.03 (1.32 < WE/WP < 1.40) in male, and
WE/WP =1.41 £ 0.04 (1.36 < WE/WP = 1.45) in female.

Color of the dorsal integument variable (Fig. 1A, C): entirely black; entirely
brown; with black elytral disc blending in reddish brown towards the pronotum
and the elytral margins; with brown head and pronotum, and black elytra with
brown patches; antennae (Fig. 1B) yellowish; hind legs brown or paler; fore-
and middle legs generally yellowish (Fig. 1B); ventral parts mostly brownish
(Fig. 1B).

Head entirely hidden by the pronotum; vertex with very small, irregular punc-
tation and a pair of large setiferous pores; frontal calli barely delimited, not
raised; frons moderately elongate, its surface irregular, roughly wrinkled; frontal
ridge elongate, thin and sharp; frontogenal sutures distinctly raised; eyes large,
elongate, slightly kidney-shaped; interantennal space clearly narrower than an-
tennal sockets. Antennae (Fig. 1B) filiform, as long as ~ 1/2 the body length:
LAN = 1.98 + 0.08 mm (1.88 < LAN < 2.08 mm) in male, and 1.71 £ 0.08 mm
(1.64 < LAN < 1.80 mm) in female, and LAN/LB = 0.52 + 0.01 (0.51 < LAN/LB =
0.53) in male, and 0.45 + 0.02 (0.43 < LAN/LB = 0.47) in female; segments 1-2
thicker; segments 3—11 slightly and gradually flattened.
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Figure 1. Argopistes brunneus Weise. A holotype of A. brunneus, habitus in dorsal view B ibid, ventral view C holotype of
A. sexguttatus Weise, habitus in dorsal view D median lobe of the aedeagus, from left to right in dorsal, ventral, and lateral
view, from Tamatave E spermatheca, from Tamatave. Abbreviations: as: apical spur of hind tibia; ca: central area of the
first abdominal sternite bordered by ridges. Scale bars: 3 mm (A, B, C); 500 um (D); 300 um (E).

Pronotum (Fig. 1A, C) distinctly transverse: LP = 1.06 = 0.06 mm (1.00 < LP
< 1.12 mm) in male, and 1.05 + 0.04 mm (1.00 < LP = 1.08 mm) in female, and
WP/LP = 2.20 + 0.07 (2.14 < WP/LP < 2.28) in male, and 2.16 = 0.05 (2.09 =
WP/LP = 2.20) in female; lateral margins strongly convergent anteriorly, weakly
curved to straight, very weakly expanded, not visible in dorsal view; basal mar-
gin arcuate and moderately sinuate; surface smooth, sparsely micropunctate,
with very dense, small punctation; surface barely raised parallel to the lateral
margins, near the posterior angles; a large setiferous pore at the anterior an-
gles. Scutellum small, subtriangular.

Elytra (Fig. 1A, C) distinctly curved but slightly parallel in the middle third, mod-
erately longer than wide, jointly rounded apically; lateral margins finely bordered,
visible in dorsal view; surface smooth to sparsely micropunctate; main puncta-
tion mostly confused, very dense, small, slightly shallower than on pronotum but
more impressed laterally; 9 (+ 1 sutural) regular lines are visible in paler speci-
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mens due to the blackened punctures (Fig. 1A); LE=3.38£0.10 mm (3.24 < LE <
3.50 mm) in male, and 3.43 £ 0.09 mm (3.32 < LE < 3.52 mm) in female; WE/LE =
0.93+0.2(0.91 < WE/LE < 0.95) in male, and 0.93 + 0.03 (0.89 < WE/LE < 0.98) in
female; LE/LP =3.19+0.09 (3.09 < LE/LP < 3.32) in male,and 3.27 + 0.16 (3.07 <
LE/LP < 3.40) in female. Humeral calli moderately raised. Macropterous.

Prosternum with posteriorly open procoxal cavities and large intercoxal pros-
ternal process. Mesosternum very short. First abdominal sternite approx. as
long as fifth (Fig. 1B); its central area bordered by ridges is quite narrow and sub-
rhomboidal. Anterior and middle legs without modifications. Posterior femora
greatly swollen (WF/LF = 0.68 = 0.01), elongate-subtriangular; posterior tibiae
thick, distinctly shorter than femora, apically widened and prolonged into a spur-
like process on inner side; outer side of hind tibia apically toothed; apical spur of
hind tibiae simple, lanceolate; first metatarsomere moderately enlarged in male.

Median lobe of the aedeagus (Fig. 1D) with smooth surface; in ventral view
is tapered towards the apex, slightly sinuate laterally; in lateral view moderately
curved, with sinuate ventral outline and straight apex; dorsal ligula formed by a
medially incised central lobe, and two thinner lateral lobes; its base at apical ~
1/3; LAED = 1.41 £ 0.04 mm (1.36 < LAED < 1.48 mm); LE/LAED = 2.40 + 0.08
(2.30 = LE/LAED = 2.50).

Basal part of the spermatheca (Fig. 1E) subcylindrical, dorsally enlarged; dis-
tal part curved, elongate, uniform in thickness, with collum generally not distin-
guishable from the apical part; ductus subapically inserted and oriented, thin,
quite short, uncoiled; LSPC = 0.38 + 0.01 mm (0.36 < LSPC =< 0.38 mm); LE/
LSPC =9.14 £ 0.39 (8.74 < LE/LSPC < 9.61).

Remarks. Argopistes brunneus is distinguishable from the other Malagasy
Argopistes species by the slightly parallel sides in dorsal view (Fig. 1A, C), and
the first abdominal sternite, whose central surface bordered by ridges is narrow
and convergent posteriorly (Fig. 1B). The median lobe of the aedeagus and sper-
matheca (Fig. 1D, E) are also diagnostic. Argopistes sexguttatus Weise is here
synonymized with A. brunneus, simply representing one of its chromatic forms.

Distribution. Northern, eastern, and central Madagascar (Antsiranana,
Toamasina, and Fianarantsoa provinces; Fig. 8A). Malagasy chorotype.

Ecological notes. Host plant unknown. Collection localities fall within areas
characterized by the vegetation divisions of ‘Malagasy Evergreen & Semi-Ever-
green Forest’ and ‘Malagasy Dry Deciduous & Evergreen Forest & Woodland'.

Argopistes janakmoravecorum sp. nov.
https://zoobank.org/62088B6A-315D-4294-93DD-237DACOE4BDE
Figs 2, 8A

Type material. Holotype 9: “Madagascar Nord / 800-1000 m / 5 km a est d’An-
dapa/ Lembonibona (1265 m) // forét degradee, arbres, arbustes / 2.3.1996 / J.
Jandk + P. Moravec Igt.” [printed on white card] [14°40.63'S; 49°41.63'E] (BAQ).

Diagnosis. Argopistes janakmoravecorum sp. nov. is easily distinguishable
from the other Afrotropical Argopistes species by the combination of black dor-
sal integuments and clavate antennae with segments 1-5 yellowish and 6-11
blackened (Fig. 2B). Spermatheca is also strongly diagnostic, due to the elon-
gate and distally coiled ductus (Fig. 2C).
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Figure 2. Argopistes janakmoravecorum sp. nov. A holotype, habitus in dorsal view B ibid, ventral view C ibid, spermathe-
ca. Scale bars: 3 mm (A, B); 300 um (C).

Description of the holotype (2). Body roundish in dorsal view (Fig. 2A), very
convex in lateral view; total length of the body (LB) = 3.00 mm; maximum pro-
notal width at the base (WP = 1.68 mm); maximum width of elytra in the middle
(WE = 2.56 mm); WE/WP = 1.52. Dorsal integuments black with weak metallic
reflections (Fig. 2A); scutellum brownish; head brownish; frons and mouthparts
yellowish; antennae (Fig. 2B) with segments 1-5 yellowish, 6 dark brown, 7-10
black, 11 black but distally paler; ventral parts (Fig. 2B) mostly dark brown; legs
with femora and tibiae blackish, tarsi partially dark brown and articulations yel-
lowish (Fig. 2B). Head entirely hidden by the pronotum; vertex irregularly punc-
tate, with a pair of large setiferous pores; frontal calli barely delimited, not raised;
frons elongate, with rough, irregular surface; frontal ridge barely detectable;
frontogenal sutures weakly raised; eyes large, elongate, slightly kidney-shaped;
interantennal space clearly narrower than antennal sockets. Antennae (Fig. 2B)
clavate, as long as ~ 1/2 the body length (LAN = 1.36 mm; LAN/LB = 0.45);
LA = 100:46:32:53:58:42:47:54:49:42:69. Pronotum (Fig. 2A) clearly transverse
(LP = 0.78 mm; WP/LP = 2.15); lateral margins strongly convergent anteriorly
and slightly folded ventrally, moderately curved, barely expanded, not visible
in dorsal view; basal margin arcuate and distinctly sinuate; surface finely mi-
croreticulate, with very small and dense punctation; surface moderately raised
parallel to the lateral margins; a large setiferous pore at the anterior angles.
Scutellum small, subtriangular. Elytra (Fig. 2A) (LE: 2.72 mm, LE/LP = 3.49)
strongly curved laterally, slightly longer than wide (WE/LE = 0.94), jointly round-
ed apically; lateral margins finely bordered, visible in dorsal view; surface sub-
smooth, with very small and dense punctation, similar to pronotum, mostly
confused but arranged in a couple of lines of slightly larger punctures laterally.
Humeral calli moderately raised. Macropterous. Prosternum with posteriorly
open procoxal cavities and large intercoxal prosternal process. Mesosternum
very short. First abdominal sternite slightly longer than fifth (Fig. 2B); its central
area bordered by ridges is quite wide, arcuate anteriorly and slightly narrowing
posteriorly. Anterior and middle legs without modifications. Posterior femora
greatly swollen (WF/LF = 0.61), elongate-subtriangular; posterior tibiae thick,
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distinctly shorter than femora, apically widened and prolonged into a spur-like
process on inner side; outer side of hind tibia apically toothed; apical spur of
hind tibiae simple, lanceolate. Basal part of the spermatheca (Fig. 2C) sub-
pyriform, with a distinct ventral protrusion close to the distal part; collum very
short; apical part short, narrowing towards the apex; ductus ventrally inserted,
thickset, elongate, distally coiled; LSPC = 0.48 mm; LE/LSPC = 5.67.

Etymology. The specific epithet refers to the two collectors of the new spe-
cies: Jifi Jandk and Pavel Moravec from the Czech Republic, both esteemed
experts on Coleoptera Carabidae. The name was composed by the union of the
two surnames, applying Latin plural genitive.

Distribution. Northern Madagascar (Antsiranana province; Fig. 8A). Mala-
gasy chorotype.

Ecological notes. Host plant unknown. The only known occurrence locality
falls within an area characterized by the vegetation division ‘Malagasy Ever-
green & Semi-Evergreen Forest’.

Argopistes jenisi sp. nov.
https://zoobank.org/9E7062ED-CDBE-4325-AB7F-E912391A250C
Figs 3, 8A

Type material. Holotype 9: “Madagascar / Tamatave prov. / Ambodinifody /
26.12.1996 / Ivo Jenis leg.” [printed on white card] [18°53.20'S; 48°3.04'E] (BAQ).

Diagnosis. Argopistes jenisi sp. nov. is recognizable by the combination of
the following characters: intense black color that contrasts with the yellow an-
tennae, tarsi, and maxillary palpi (Fig. 3A, B); filiform antennae (Fig. 3A, B); wide
last abdominal sternite, distinctly longer than first (Fig. 3B). Spermatheca is
also diagnostic due to the subglobose basal part ventrally enlarged, and the
short ductus, subventrally inserted (Fig. 3C).

Description of the holotype (?). Body broadly elliptic in dorsal view (Fig. 3A),
strongly convex in lateral view; total length of body (LB) = 4.44 mm; maximum
pronotal width at the base (WP = 2.60 mm); maximum width of elytra in the
middle (WE = 3.76 mm); WE/WP = 1.45. Dorsal integuments (Fig. 3A) entirely
black with evident blueish metallic reflections; ventral parts (Fig. 3B) intensively
black; head black; frons and mouthparts black, with yellowish maxillary palpi;
antennae entirely yellowish (Fig. 3B); legs, including articulations, black, with
yellowish tarsi (Fig. 3B). Head entirely hidden by the pronotum; vertex surface
rough and distinctly punctate, with a pair of large setiferous pores; area of fron-
tal calli weakly raised; frons elongate, with rough, irregular surface; frontal ridge
thin and short; frontogenal sutures strongly raised; eyes large, elongate, slight-
ly kidney-shaped; interantennal space clearly narrower than antennal sockets.
Antennae filiform (Fig. 3B), as long as ~ 1/2 the body length (LAN = 2.12 mm;
LAN/LB = 0.48); segments 1-2 thicker; segments 3-11 slightly and gradually
flattened; LA = 100:42:33:47:47:40:41:44:43:39:64. Pronotum (Fig. 3A) clearly
transverse (LP = 1.20 mm; WP/LP = 2.17); lateral margins strongly convergent
anteriorly, weakly curved, weakly expanded, not visible in dorsal view; basal
margin arcuate and distinctly sinuate; surface smooth, with very small and very
dense punctation; surface moderately raised parallel to the lateral margins;
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a large setiferous pore at the anterior angles. Scutellum small, subtriangular.
Elytra (LE = 4.04 mm; LE/LP = 3.37) distinctly curved laterally (Fig. 3A), dis-
tinctly longer than wide (WE/LE = 0.93), jointly rounded apically; lateral margins
finely bordered, visible in dorsal view; surface smooth; punctation very small,
dense, and confused; points slightly larger towards lateral and apical parts, and
partially arranged in some longitudinal lines. Humeral calli moderately raised.
Macropterous. Prosternum with posteriorly open procoxal cavities and large
intercoxal prosternal process. Mesosternum very short. First abdominal ster-
nite distinctly shorter than fifth (Fig. 3B); its central area bordered by ridges is
moderately wide, rounded anteriorly, laterally subparallel. Anterior and middle
legs without modifications. Posterior femora greatly swollen (WF/LF = 0.68),
elongate-subtriangular; posterior tibiae thick, distinctly shorter than femora,
apically widened and prolonged into a spur-like process on inner side; outer
side of hind tibia apically toothed; apical spur simple, lanceolate. Spermatheca
(LSPC = 0.38 mm; LE/LSPC = 10.63) with apparently wrinkled surface (Fig. 3C);
basal part subglobose, with a small protrusion just below the distal part; apical
part moderately elongate, narrowing towards the apex; ductus subventrally in-
serted, quite narrow and short, uncoiled.

Etymology. The specific epithet refers to the collector of the new species: Ivo
Jenis from the Czech Republic, renowned expert on Coleoptera Cerambycidae.

Distribution. Central-eastern Madagascar (Toamasina province; Fig. 8A).
Malagasy chorotype.

Ecological notes. Host plant unknown. The only known occurrence locality
falls within an area characterized by the vegetation division ‘Malagasy Ever-
green & Semi-Evergreen Forest’.

Figure 3. Argopistes jenisi sp. nov. A holotype, habitus in dorsal view B ibid, ventral view C ibid, spermatheca. Abbrevia-
tions: 1%t first abdominal sternite; 5 fifth abdominal sternite; ca: central area of the first abdominal sternite bordered by
ridges. Scale bars: 3 mm (A, B); 300 pm (C).
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Argopistes keiseri sp. nov.
https://zoobank.org/D3E13A53-73C9-4BFC-9031-CA836A3E7775
Figs 4, 8A

Type material. Holotype &: “Madagascar / Tamatave prov. / Manankazo env. /
11-12.11.1995 / Ivo Jenis$ leg.” [printed on white card] [17°59.26'S; 46°54.20'E]
(BAQ). Paratypes. 1 & and 1 Q “Madagascar Tam. / Moramanga / 20.xii.1957
F. Keiser” [printed on pink card] // “Non Cocc. Det. H. Fiirsch” [printed on white
card] [18°56.93'S; 48°13.47'E] (NHMB); 2 92, “Madagascar / Tamatave prov.
/ Moramanga env. / 24.2-1.3.1995 / Ivo Jeni$ leg.” [printed on white card]
[18°56.93'S; 48°13.47'E] (BAQ); 2 229, “Madagascar / Tamatave prov. / Mora-
manga env. / 25-27.11.1995/ lvo Jenis$ leg.” [printed on white card] [18°56.93'S;
48°13.47'E] (BAQ); 2 99, “Madagascar / Tamatave prov. / Moramanga env. /
21-24.12.1996 / Ivo Jenis$ leg.” [printed on white card] [18°56.93'S; 48°13.47'E]
(BAQ); 14 and 19, “Madagascar / Tamatave prov. / Maromizaha / 21.11.1995
Ivo Jeni$” [printed on white card] [18°58.57'S; 48°27.90'E] (BAQ); 2 and 32,
“Madagascar / Fianarantsoa prov. / Ranomafana env. / 28.1-6.11.1995 Ivo Jenis”
[printed on white card] [21°15.76'S; 47°27.12'E] (BAQ).

Diagnosis. Argopistes keiseri sp. nov. shows major similarities with A. seyrigi
sp. nov. Both have the spur of hind tibiae distinctly elongate, extending sig-
nificantly beyond the tibial apex (Figs 4B, 6B), black dorsal integuments (Figs
4A, 6A), and mostly confused elytral punctation. Argopistes keiseri sp. nov. can
be distinguished by the blackish abdomen and tibiae (mostly reddish brown in
A. seyrigi sp. nov.) (Figs 4B, 6B). Both the median lobe of aedeagus and sper-
matheca are diagnostic for Argopistes keiseri sp. nov.: median lobe (Fig. 4D) is
thickset, with irregular outline in ventral view, and clearly sinuate in lateral view;
spermatheca (Fig. 4C) has sinuate basal part and elongate, U-shaped, and un-
coiled ductus.

Description of the holotype (&). Body roundish in dorsal view (Fig. 4A),
strongly convex in lateral view; total length of body (LB) = 3.48 mm; maximum
pronotal width at the base (WP = 2.08 mm); maximum width of elytra in the
middle (WE = 3.16 mm); WE/WP = 1.52. Dorsal integuments (Fig. 4A) entirely
black with weak metallic reflections; ventral parts (Fig. 4B) entirely blackish;
head black; frons and mouthparts black, with yellowish maxillary palpi; an-
tennae yellowish (Fig. 4B); legs, including articulations, black, with yellowish
tarsi (Fig. 4B). Head entirely hidden by the pronotum; vertex punctate, with a
pair of large setiferous pores; area of frontal calli weakly raised; frons mod-
erately elongate, roughly wrinkled; frontal ridge thin, weakly raised; frontoge-
nal sutures thin, strongly raised; eyes large, elongate, slightly kidney-shaped;
interantennal space clearly narrower than antennal sockets. Antennae (Fig.
4B) filiform, distinctly shorter than 1/2 the body length (LAN = 1.44 mm; LAN/
LB = 0.41); segments 1-2 thicker; segments 3-11 slightly and gradually flat-
tened; LA = 100:51:47:53:37:48:44:64:51:50:88. Pronotum (Fig. 4A) distinctly
transverse (LP = 1.00 mm; WP/LP = 2.08); lateral margins strongly convergent
anteriorly, straight, weakly expanded, not visible in dorsal view; basal margin
arcuate and distinctly sinuate; surface sparsely micropunctate, with dense,
small punctation; surface moderately raised parallel to the lateral margins; a
large setiferous pore at the anterior angles. Scutellum small, subtriangular. El-
ytra (LE = 3.20 mm; LE/LP = 3.20) strongly curved laterally (Fig. 4A), approx. as
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A

Figure 4. Argopistes keiseri sp. nov. A habitus in dorsal view, male from Moramanga B ibid, ventral view C spermatheca,
from Ranomafana D median lobe of the aedeagus, from left to right in dorsal, ventral, and lateral view, from Ranomafana,
and two additional lateral view from Manankazo, and Maromizama. Abbreviations: as: apical spur of hind tibia. Scale
bars: 3 mm (A, B); 300 pm (C); 500 um (D).

long as wide (WE/LE = 1.02), jointly rounded apically; lateral margins finely bor-
dered, visible in dorsal view; surface smooth; punctation small, dense, mostly
confused, but arranged in some regular lines laterally, of which one is made of
slightly larger punctures. Humeral calli moderately raised. Macropterous. Pros-
ternum with posteriorly open procoxal cavities and large intercoxal prosternal
process. Mesosternum very short. First abdominal sternite slightly longer than
fifth (Fig. 4B); its central area bordered by ridges is quite wide, slightly narrow-
ing posteriorly. Anterior and middle legs without modifications. Posterior femo-
ra greatly swollen (WF/LF = 0.68), elongate-subtriangular; posterior tibiae thick,
distinctly shorter than femora, apically widened and prolonged into a spur-like
process on inner side; outer side of hind tibia apically toothed; apical spur of
hind tibiae simple, lanceolate, very elongate; first metatarsomere moderately
enlarged. Median lobe of the aedeagus (LAED = 1.26 mm; LE/LAED = 2.54) (Fig.
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4D) with smooth surface; in ventral view thickset, lanceolate but with slightly
irregular outline; in lateral view median lobe moderately curved, thicker at the
subapical part, with sinuate ventral outline; apex ventrally oriented; dorsal ligu-
la formed by a central lobe medially incised in the apical part, and two thinner
lateral lobes; its base at apical ~ 1/3.

Variability. Male (n = 5; mean and standard deviation; range): LE = 3.08 +
0.13 mm (2.88 < LE < 3.20 mm); WE = 2.98 + 0.13 mm (2.82 < WE < 3.16 mm);
LP = 0.92 + 0.06 mm (0.86 < LP < 1.00 mm); WP = 1.98 + 0.09 mm (1.88 =
WP = 2.08 mm); LAN =1.39 £+ 0.15 mm (1.16 < LAN =< 1.52 mm); LAED = 1.38
+0.09 mm (1.26 < LAED < 1.48 mm); LB = 3.37 + 0.12 mm (3.20 < LB < 3.48
mm); LE/LP = 3.35+ 0.11 (3.20 < LE/LP = 3.50); WE/WP = 1.50 + 0.03 (1.44 <
WE/WP < 1.53); WP/LP =2.16 + 0.04 (2.08 < WP/LP = 2.19); WE/LE = 0.97 +
0.03 (0.94 < WE/LE = 0.99); LAN/LB = 0.41 + 0.04 (0.35 < LAN/LB = 0.45); LE/
LAED = 2.24 + 0.18 (2.04 < LE/LAED < 2.54). Female (n = 11; mean and stan-
dard deviation; range): LE = 3.35 + 0.04 mm (3.32 < LE = 3.40 mm); WE = 3.20 +
0.06 mm (3.12 < WE < 3.24 mm); LP = 1.02 + 0.03 mm (0.98 < LP =< 1.04 mm);
WP =210 + 0.05 mm (2.02 < WP < 2.12 mm); LAN = 1.34 + 0.08 mm (1.28 =<
LAN =< 1.44 mm); LSPC = 0.40 + 0.01 mm (0.38 < LSPC < 0.40 mm); LB = 3.66 *
0.07 mm (3.58 < LB < 3.72 mm); LE/LP = 3.30 + 0.07 (3.23 < LE/LP < 3.39); WE/
WP =1.53+0.01 (1.51 < WE/WP < 1.54); WP/LP = 2.06 + 0.04 (2.04 < WP/LP =
2.12); WE/LE = 0.96 + 0.02 (0.94 < WE/LE < 0.98); LAN/LB = 0.37 + 0.01 (0.35 <
LAN/LB < 0.39); LE/LSPC = 8.49 + 0.19 (8.30 < LE/LSPC < 8.74).

Male and female paratypes very similar in shape, size, and color to the ho-
lotype. The arrangement of elytral punctation in 9 (+ 1 sutural) regular rows is
better visible in some specimens. Spermatheca (Fig. 4C) with subcylindical,
sinuate basal part; collum short; apical part moderately elongate, gradually nar-
rowing, slightly wrinkled; ductus subventrally inserted, quite thickset, elongate,
U-shaped, uncoiled.

Etymology. The specific epithet refers to the first collector of the new spe-
cies: Alfred “Fred” Kaiser (1895-1969) from Switzerland, renowned expert on
Diptera Syrphidae from Madagascar.

Distribution. Central-Eastern Madagascar (Toamasina province; Fig. 8A).
Malagasy chorotype.

Ecological notes. Host plant unknown. Collection localities fall within areas
characterized by the vegetation division ‘Malagasy Evergreen & Semi-Ever-
green Forest'.

Argopistes laterosinuatus sp. nov.
https://zoobank.org/193ADAS5SE-1C06-4FB2-9337-AFC426E6D6A3
Figs 5, 8A

Type material. Holotype ¢: “Coll. Mus. Congo / Madagascar: Antakotako
/ 15.i.1939, J. Vadon” [printed and handwritten on white card] [15°12.53'S;
49°47.61'E] (RMCA).

Diagnosis. Argopistes laterosinuatus sp. nov. is easily recognizable among
the Afrotropical Argopistes species due to its subovate outline in dorsal view
(Fig. 5A) and sinuate sides in lateral view (Fig. 5C). Spermatheca is also diag-
nostic, due to the combination of pyriform basal part, with a distinct protrusion
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Figure 5. Argopistes laterosinuatus sp. nov. A holotype, habitus in dorsal view B ibid, ventral view C ibid, lateral view D ibid,
spermatheca. Scale bars: 3 mm (A, B, C); 300 um (D).

close to the collum, apical part clearly narrowing towards the apex, and ductus
ventrally inserted, thickset, uncoiled (Fig. 5D).

Description of the holotype (Q). Body largely subovate in dorsal view (Fig.
5A), very convex in lateral view (Fig. 5C); total length of body (LB) = 3.18 mm;
maximum pronotal width at the base (WP = 1.80 mm); maximum width of elytra
at the basal third (WE = 2.72 mm); WE/WP = 1.51. Dorsal integuments (Fig. 5A)
reddish brown with weak metallic reflections; ventral parts (Fig. 5B) light brown;
head light brown; frons and mouthparts light brown; antennae (Fig. 5B) with
segments 1-5 yellowish, 6 dark brown, 7-10 black, 11 black but distally lighter;
legs entirely light brown (Fig. 5B). Head entirely hidden by the pronotum; vertex
with small, irregular punctation, and a pair of large setiferous pores; frontal calli
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joined, moderately raised, with V-shaped posterior delimitation; frons moder-
ately elongate, flat, roughly microreticulate; frontal ridge short; frontogenal su-
tures distinctly raised; eyes large, elongate, slightly kidney-shaped; interanten-
nal space clearly narrower than antennal sockets. Antennae (Fig. 5B) clavate,
slightly shorter than 1/2 the body length (LAN = 1.36 mm; LAN/LB = 0.43); LA
= 100:36:53:47:48:52:44:46:49:52:79. Pronotum (Fig. 5A) strongly transverse
(LP = 0.80 mm; WP/LP = 2.25); lateral margins strongly convergent anterior-
ly and slightly folded ventrally, weakly curved, weakly expanded, not visible in
dorsal view; basal margin arcuate and distinctly sinuate; surface finely microre-
ticulate, with very small and dense punctation; surface weakly raised near the
lateral margins; a large setiferous pore at the anterior angles. Scutellum small,
subtriangular. Elytra (LE = 2.92 mm; LE/LP = 3.65) slightly longer than wide
(WE/LE = 0.93), strongly curved laterally in dorsal view (Fig. 5A) and distinctly
sinuate in lateral view (Fig. 5C), jointly rounded apically; lateral margins finely
bordered, visible in dorsal view; surface subsmooth, with very small and moder-
ately dense, mostly confused punctation; slightly larger punctures are arranged
in 9 (+ 1 sutural) regular rows. Humeral calli moderately raised. Macropterous.
Prosternum with posteriorly open procoxal cavities and large intercoxal pros-
ternal process. Mesosternum very short. First abdominal sternite approx. as
long as fifth (Fig. 5B); its central area bordered by ridges is wide, rounded ante-
riorly, laterally subparallel. Anterior and middle legs without modifications. Pos-
terior femora greatly swollen (WF/LF = 0.61), elongate-subtriangular; posterior
tibiae thick, distinctly shorter than femora, apically widened and prolonged into
a spur-like process on inner side; outer side of hind tibia apically toothed; apical
spur of hind tibiae simple, lanceolate. Basal part of the spermatheca pyriform,
with a distinct ventral protrusion close to the distal part (Fig. 5D); collum short,
apical part short, narrowing towards the apex; ductus ventrally inserted, thick-
set, moderately elongate, uncoiled; LSPC = 0.32 mm; LE/LSPC =9.13.

Variability. Only the female holotype of the new species is known so far.

Etymology. The specific epithet refers to the sinuate lateral margin of
each elytra, a character absent in all other Argopistes species known to date
for Madagascar.

Distribution. North-eastern Madagascar (Toamasina province) (Fig. 8A).
Malagasy chorotype.

Ecological notes. Host plant unknown. The only known occurrence locality
falls within an area characterized by the vegetation division ‘Malagasy Ever-
green & Semi-Evergreen Forest’.

Argopistes seyrigi sp. nov.
https://zoobank.org/62E50B82-6B80-4939-9127-07D64EOQE9381
Figs 6, 8A

Type material. Holotype &: “Coll. Mus Congo. / Madagascar: Mandraka /
[1.1944 / A. Seyrig” [printed on white card] [18°54.89'S; 47°55.61'E] (RMCA).
Diagnosis. Among the Malagasy Argopistes species, A. seyrigi sp. nov. shows
strong similarities with Argopistes keiseri sp. nov. Both have the spur of hind tib-
iae distinctly elongated, extending significantly beyond the tibial apex (Figs 4B,
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Figure 6. Argopistes seyrigi sp. nov. A holotype, habitus in dorsal view B ibid, ventral view C ibid, median lobe of the ae-
deagus. Abbreviations: as: apical spur of hind tibia. Scale bars: 3 mm (A, B); 500 um (C).

6B), black dorsal integuments (Figs 4A, 6A), and mostly confused elytral punc-
tation. Argopistes seyrigi sp. nov. can be distinguished by the mostly reddish
brown abdomen and tibiae (blackish in A. keiseri sp. nov.) (Figs 4B, 6B). Median
lobe of aedeagus of A. seyrigi sp. nov. has a clearly diagnostic value, due to the
parallel sides in ventral view and the thinner apical part in lateral view (Fig. 6C).
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Description of the holotype (&). Body roundish in dorsal view (Fig. 6A),
strongly convex in lateral view; total length of body (LB) = 3.52 mm; maximum
pronotal width at the base (WP = 2.08 mm); maximum width of elytra at the
middle (WE = 3.00 mm); WE/WP = 1.44. Dorsal integuments (Fig. 6A) entirely
black with evident blueish metallic reflections; ventral parts (Fig. 6B) black,
with mostly brownish abdomen; head black; frons and mouthparts black, with
yellowish maxillary palpi; antennae yellowish (Fig. 6B); legs with black femora,
hind tibiae dark brown, anterior and middle tibiae mostly light brown, and tarsi
yellowish (Fig. 6B). Head entirely hidden by the pronotum; vertex punctate, with
a pair of large setiferous pores; frontal calli joined, weakly delimited and weak-
ly raised; frons short, roughly wrinkled; frontal ridge thin; frontogenal sutures
quite thick and clearly raised; eyes large, elongate, slightly kidney-shaped; in-
terantennal space clearly narrower than antennal sockets. Antennae (Fig. 6B)
slightly shorter than 1/2 the body length (LAN = 1.44 mm; LAN/LB = 0.41),
filiform; segments 1-2 thicker, segments 3-11 slightly and gradually flattened;
LA =100:46:37:44:40:39:41:43:43:38:75. Pronotum (Fig. 6A) clearly transverse
(LP = 0.96 mm; WP/LP = 2.17); lateral margins strongly convergent anterior-
ly, straight, weakly expanded, not visible in dorsal view; basal margin arcuate
and distinctly sinuate; surface microreticulate and micropunctate, with dense,
small punctation; surface weakly raised parallel to the lateral margins; a large
setiferous pore at the anterior angles. Scutellum small, subtriangular. Elytra
(LE = 3.16 mm; LE/LP = 3.29) strongly curved laterally (Fig. 6A), approx. as
long as wide (WE/LE = 0.95), jointly rounded apically; lateral margins finely
bordered, visible in dorsal view; surface smooth; punctation very small, dense,
less impressed than on pronotum, mostly confused, but arranged in some
more impressed, barely visible regular lines, laterally. Humeral calli moderately
raised. Macropterous. Prosternum with posteriorly open procoxal cavities and
large intercoxal prosternal process. Mesosternum very short. First abdominal
sternite approx. as long as fifth (Fig. 6B); its central area bordered by ridg-
es is quite narrow, and slightly narrower posteriorly. Anterior and middle legs
without modifications. Posterior femora greatly swollen (WF/LF = 0.69), elon-
gate-subtriangular; posterior tibiae thick, distinctly shorter than femora, api-
cally widened and prolonged into a spur-like process on inner side; outer side
of hind tibia apically toothed; apical spur of hind tibiae simple, lanceolate, very
elongate (Fig. 6B). Median lobe of the aedeagus (LAED = 1.36 mm; LE/LAED =
2.32) (Fig. 6C) with smooth surface; in ventral view lanceolate; in lateral view
median lobe thicker in the middle part, moderately curved in the basal part,
with sinuate ventral outline and straight apex; dorsal ligula formed by a central
lobe, medially incised apically, and two thinner lateral lobes; its base at approx.
the middle.

Variability. Only the male holotype of the new species is known so far.

Etymology. The specific epithet refers to the collector of the new species:
André Seyrig (1897-1945) from France, an expert on Hymenoptera: Ichneu-
monidae, and a tireless collector of insects and plants in Madagascar.

Distribution. Central-eastern Madagascar (Antananarivo province; Fig. 8A).
Malagasy chorotype.

Ecological notes. Host plant unknown. The only known occurrence locali-
ty falls within an area characterized by the vegetation division ‘Afromontane
Moist Forest'.
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Argopistes vadoni sp. nov.
https://zoobank.org/F6866CF3-7109-43B3-8073-594223862553
Figs 7, 8A

Type material. Holotype J: “Coll. Mus. Tervuren / N.E. Madagascar: / Ambo-
divoangy VII.1961/ J. Vadon” [printed on white card] [15°17.30'S; 49°36.88'E]
(RMCA). Paratype ¢: “Coll. Mus. Congo / Madagascar: Antakotako / 15.i.1939
/ J. Vadon” [printed on white card) [15°12.53'S; 49°47.61'E] (RMCA).

Diagnosis. Argopistes vadoni sp. nov. is one of the species with black or
blackish dorsal integuments, and yellow and filiform antennae, but is distin-
guishable by the regular elytral punctation (Fig. 7A). Median lobe of the ae-
deagus and spermatheca are both diagnostic. Median lobe of the aedeagus
is easily recognizable by the apical part, distinctly slender in ventral view (Fig.
7C). Spermatheca is unique for the combination of pyriform basal part, distal
part homogenously thickened, and ductus subapically inserted, quite thickset,
moderately elongated, and uncoiled (Fig. 7D).

Description of the holotype (&). Body roundish in dorsal view (Fig. 7A),
strongly convex in lateral view; total length of body (LB) = 3.32 mm; maximum
pronotal width at the base (WP = 2.00 mm); maximum width of elytra in the
middle (WE = 2.84 mm); WE/WP = 1.42. Dorsal integuments (Fig. 7A) entirely
black with weak blueish metallic reflections; ventral parts (Fig. 7B) dark reddish
brown; head dark brown; frons and mouthparts brown, with yellowish maxil-
lary palpi; antennae (Fig. 7B) yellowish; legs, including articulations, reddish
brown, with yellowish tarsi (Fig. 7B). Head entirely hidden by the pronotum;
vertex punctate, with a pair of large setiferous pores; frontal calli joined, clearly
delimited and straight posteriorly; frons elongate, flat, roughly wrinkled; fron-
tal ridge elongate, thin and sharp; frontogenal sutures distinctly raised; eyes
large, elongate, slightly kidney-shaped; interantennal space clearly narrower
than antennal sockets. Antennae (Fig. 7B) filiform, as long as ~ 1/2 the body
length (LAN = 1.76 mm; LAN/LB = 0.53); segments 1 and 2 thicker; segments
3-11 slightly and gradually flattened; LA = 100:42:33:47:47:40:41:44:43:39:64.
Pronotum (Fig. 7A) distinctly transverse (LP = 0.96 mm; WP/LP = 2.08); lateral
margins strongly convergent anteriorly, weakly curved, weakly expanded, not
visible in dorsal view; basal margin arcuate and distinctly sinuate; surface finely
wrinkled, with very dense, small punctation; surface weakly raised parallel to
the lateral margins; a large setiferous pore at the anterior angles. Scutellum
small, subtriangular. Elytra (LE = 2.98 mm; LE/LP = 3.10) strongly curved later-
ally (Fig. 7A), approx. as long as wide (WE/LE = 0.95), jointly rounded apically;
lateral margins finely bordered, visible in dorsal view; surface micropunctate;
main punctation small, arranged in 9 (+ 1 sutural) regular rows, more confused
along lateral parts. Humeral calli moderately raised. Macropterous. Prosternum
with posteriorly open procoxal cavities and large intercoxal prosternal process.
Mesosternum very short. First abdominal sternite (Fig. 7B) slightly longer than
fifth; its central area bordered by ridges is wide, subovate. Anterior and middle
legs without modifications. Posterior femora greatly swollen (WF/LF = 0.67),
elongate-subtriangular; posterior tibiae thick, distinctly shorter than femora,
apically widened and prolonged into a spur-like process on inner side; outer
side of hind tibia apically toothed; apical spur of hind tibiae simple, lanceolate;
first metatarsomere moderately enlarged. Median lobe of the aedeagus (LAED
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Figure 7. Argopistes vadoni sp. nov. A holotype, habitus in dorsal view B ibid, ventral view C ibid, median lobe of the
aedeagus D spermatheca, from Antakotako. Abbreviations: 1t first abdominal sternite; 5" fifth abdominal sternite; ca:
central area of the first abdominal sternite bordered by ridges. Scale bars: 3 mm (A, B); 500 um (C); 300 pm (D).

=1.24 mm; LE/LAED = 2.40) (Fig. 7C) with smooth surface; widest at the basal
opening in ventral view, slightly curved inwardly; distal part distinctly thinner,
sides convergent towards the rounded apex; in lateral view median lobe weakly
curved, thicker in the central third; dorsal ligula formed by a central lobe, medi-
ally incised, and two lateral lobes; its base at apical ~ 1/3.
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Figure 8. Distribution and habitat suitability of the Argopistes species in Madagascar. A occurrence locality for each
species B probability of presence of the occurrence localities, and potential suitability areas for the genus in Madagascar
from ENMs.

Variability. Female paratype very similar in shape and color to the holotype.
LE =3.40 mm; WE =3.16 mm; LP =1.00 mm; WP =2.12 mm; LAN = 1.72 mm;
LSPC = 0.34 mm; LB = 3.60 mm; LE/LP = 3.40; WE/WP = 1.49; WP/LP =
2.12; WE/LE = 0.93; LAN/LB = 0.48; LE/LSPC = 10.00. First metatarsomere
in female not enlarged. Spermatheca (Fig. 7D) apparently wrinkled on most
surface; basal part pyriform; collum short; distal part moderately elongate,
apically truncate; ductus subapically inserted, quite thickset, moderately elon-
gate, uncoiled.

Etymology. The specific epithet refers to the collector of the new species:
Jean Vadon (1904-1970) from France, one of the fathers of the entomological
research in Madagascar.

Distribution. Northern-eastern Madagascar (Toamasina province; Fig. 8A).
Malagasy chorotype.

Ecological notes. Host plant unknown. The two known occurrence localities
fall within areas characterized by the vegetation division ‘Malagasy Evergreen
& Semi-Evergreen Forest'.

Key to species

1  Antennae clavate, with segments 6-11 clearly dilated and strongly black-

€NEd (FigS 2B, 5B) ...eouiiieiieiiieieieeteeee et 2
-  Antennae filiform, at most with gradually enlarged distal segments, entire-
ly yellowish (Figs 1B, 3B, 4B, 6B, 7B)......c.ccocceeveieecriieeeecieeeeeeeeeeee e 3
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2  Body shape roundish. Dorsal integuments black. Elytral sides not sinuate
in lateral view. Elytral punctation with dense and small punctures on the
disc, without evident regular rows (Fig. 2A). Spermatheca with subpyri-
form basal part; ductus elongate, distally clearly coiled (Fig. 2C). Male un-
Known.......cccoovveveeeenne. Argopistes janakmoravecorum sp. nov. (Figs 2, 8A)

—  Body shape subovate, more elongate. Dorsal integuments reddish brown.
Elytral sides distinctly sinuate in lateral view (Fig. 5C). Elytral punctation
with sparser but larger punctures on the disc, with hints of 9 (+ 1 sutural)
regular rows (Fig. 5A, C). Spermatheca with pyriform basal part; ductus
shorter, uncoiled (Fig. 5D). Male UnKNOWN ............c.ccooveveiiieeeieecieeeeene
............................................. Argopistes laterosinuatus sp. nov. (Figs 5, 8A)

3 Apical spur of hind tibiae distinctly elongate, extending significantly be-

yond the tibial apex (s iN FIgs 4, 6) .......cccveiiiieiiieeieceeeeeeeee e, 4
- Apical spur of hind tibiae shortly extending beyond the tibial apex (as in
FIg. T) ettt ettt a et eans 5

4  Dorsal integuments intense black with weak metallic reflections; abdomen
and tibiae blackish (Fig. 4B). Median lobe of the aedeagus thickset, clearly
sinuate in lateral view (Fig. 4D). Spermatheca with subcylindrical, sinuate
basal part; ductus elongate, subapically oriented, uncoiled (Fig. 4C) .........
......................................................... Argopistes keiseri sp. nov. (Figs 4, 8A)

—  Dorsal integuments black but with clear blueish metallic reflections; abdo-
men and tibiae mostly reddish brown (Fig. 6B). Median lobe of aedeagus
slender, in lateral view with narrow and straight apical part (Fig. 6C). Fe-
male unknown .............cccceeeeeniennnn. Argopistes seyrigi sp. nov. (Figs 6, 8A)

5  Elytrain dorsal view with slightly parallel lateral margins (Fig. 1A, B). Cen-
tral area of the first abdominal sternite bordered by ridges is narrow, sub-
rhomboidal (ca: Fig. 1B). Dorsal integuments variable, black to at least
partially reddish brown, especially on pronotum; sometimes elytra black
with brown elytral patches (Fig. 1A, C). Median lobe of the aedeagus ta-
pered towards the apex in ventral view (Fig. 1D). Spermatheca with sub-
cylindrical, dorsally enlarged basal part; ductus thin, short, subapically
oriented (Fig. TE) ..cccoovvveiiieennes Argopistes brunneus Weise (Figs 1, 8A)

- Elytra in dorsal view, with clearly rounded lateral margins (Figs 3A, B, 7A, B).
Central area of the first abdominal sternite bordered by ridges is wide, laterally
subparallel (ca: Figs 3A, 7A). Dorsal integuments entirely black (Figs 3B, 7B).
Median lobe of the aedeagus and/or spermatheca differently shaped........... 6

6  Elytral punctation small, dense, almost completely unordered (Fig. 3A).
Dorsal integuments, ventral integuments, and legs intense black with ev-
ident blueish metallic reflections, except the yellowish tarsi (Fig. 3A, B).
First abdominal sternite distinctly shorter than fifth (Fig. 3B). Basal part
of the spermatheca subglobose, ventrally enlarged; distal part gradually
narrowed apically (Fig. 3C). Male Unknown..............ccccveveivieiiereeeceeen
............................................................ Argopistes jenisi sp. nov. (Figs 3, 8A)

- Elytral punctation with larger punctures ordered in regular rows (Fig. 7A).
Dorsal integuments black; ventral integuments and legs brownish, except
the yellowish tarsi (Fig. 7B). First abdominal sternite distinctly longer than
fifth (Fig. 7B). Spermatheca (Fig. 7D) with pyriform basal part; distal part
not narrowed apically. Apical part of the median lobe of aedeagus distinct-
ly slender in ventral view (Fig. 7C) ... Argopistes vadoni sp. nov. (Figs 7, 8A)

ZooKeys 1202: 303-327 (2024), DOI: 10.3897/z0okeys.1202.122977 322



Maurizio Biondi et al.: Argopistes from Madagascar

Habitat suitability

VIF and Pearson’s correlation analyses returned a set of nine uncorrelated bio-
climatic variables which were then used to calibrate the models: BI02, BIO3,
BIO8, BIO9Y, BIO13, BIO14, BIO15, BIO18, and BIO19. The ensemble models for
the genus Argopistes (Fig. 8) resulted in high performance scores (AUC = 0.899
and CBI = 0.754), indicating a continuous area of habitat suitability in the East-
ern part of Madagascar, a region characterized in particular by vegetation for-
mations (cf. Sayre et al. 2013) such as the ‘Tropical Lowland Humid Forest’ in
the central area, mainly with the ‘Malagasy Evergreen & Semi-Evergreen Forest’
division, and to a lesser extent the ‘Tropical Seasonally Dry Forest' to the north,
with the ‘Malagasy Dry Deciduous and Evergreen Forest and Woodland’ divi-
sion. Based on our model, in Madagascar the areas with high habitat suitability
for the genus Argopistes are characterized by: a) mean diurnal range tempera-
ture (BI02) with values between 5 and 10 °C; b) mean temperature of wettest
quarter (BIO8) between 12 and 24 °C; c) precipitation of wettest month (BIO13)
not exceeding 500 mm,; d) coefficient of variation (BIO15), as a measure of pre-
cipitation inter-annual variability, lower than 30%. Therefore, the western part of
Madagascar does not offer optimal conditions for the occurrence of Argopistes
species (Fig. 8B).

Discussion

Based on our revision, Argopistes is present in Madagascar with seven endem-
ic species.

The six new Argopistes species here described unequivocally display the typ-
ical characters of the genus (Biondi and D’Alessandro 2012; Nadein 2015): body
ovate to rounded in dorsal view, strongly convex in lateral view; head general-
ly entirely hidden by the pronotum; antennae short, their length not exceeding
1/2 of the body length; head opisthognathous; eyes very large, kidney-shaped;
antennal sockets very close to each other, their distance generally shorter
than their diameter; frontogenal sutures (edges of antennal grooves) distinctly
raised, often more evident than frontal ridge; frontal calli medially jointed, usu-
ally distinctly delimited from vertex; vertex with a pair of large setiferous pores;
pronotum always covered with punctures, without evident grooves and impres-
sions; posterior edge clearly bisinuate; scutellum visible, subtriangular; elytra
glabrous, with small punctation, confused or arranged in regular striae; epipleu-
ra orientation subvertical; prosternum with posteriorly open procoxal cavities
and large intercoxal prosternal process; mesosternum very short; central area
of the first abdominal sternite bordered by ridges; anterior and middle legs
without special modifications; posterior femora considerably swollen, elon-
gate-subtriangular; posterior tibiae thick, short, apically widened and prolonged
into a spur-like process on inner side; outer side of hind tibia apically toothed;
apical spur of hind tibiae simple, evident. Based on the general body shape, Ar-
gopistes species are apparently very similar to Coccinellidae, especially of the
genus Exochomus Redtenbacher, as Motschulsky (1860) highlighted.

Argopistes janakmoravecorum sp. nov. and A. laterosinuatus sp. nov. show
clear similarities based on the antennal and spermathecal morphology (Figs 2B,
C, 5B, D). Some of the spermathecal characters, such as the general shape of
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the distal part and a more or less evident, apparently cup-shaped formation on
the basal part (Figs 2C, 5D), are present in other Argopistes species, also out-
side the Afrotropical region (Blanco and Konstantinov 2013). However, the clav-
ate and blackened antennae are unique, making the two species taxonomically
isolated from the remaining Malagasy and sub-Saharan Argopistes species.
Based on the available ecological data, Asian and New World Argopistes spe-
cies and many Afrotropical species are associated with Oleaceae (Blanco and
Konstantinov 2013). In sub-Saharan Africa, Argopistes species are primarily as-
sociated with Olive trees [Olea europaea var. africana (Mill.)], on which larvae are
leaf miners, and adults are defoliators (Biondi and D’Alessandro 2012; Hlaka et
al. 2022). No ecological data are available for the Malagasy species. However,
based on our habitat suitability model, the western part of Madagascar does not
offer optimal conditions for their occurrence (Fig. 8B). Indeed, Malagasy species
are distributed in the central and eastern areas of the Island (Fig. 8A). It must be
emphasized that Madagascar has been interested in a significant loss of natural
habitats over decades so that species described on preserved specimens col-
lected a long time ago might have become rare or even locally extinct (Goodman
2022). That makes it crucial to document Malagasy biodiversity as soon as pos-
sible and check its status through field campaigns. Following that principle, in
this contribution, we described new species even on single males or females, be-
ing confident in the reliability of the diagnostic value of the illustrated characters.
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Abstract

A contribution to the knowledge of the malachiine genus Intybia Pascoe, 1866 from Chi-
na is given. Two new species groups: Intybia klapperichi group and Intybia eversi group
are defined and described. A new species, Intybia hainanensis Wang & Liu, sp. nov., of
the Intybia klapperichi group is described from Hainan Province. Intybia erectodentatus
(Wittmer, 1982) and Intybia concha Asano, 2015 are redescribed based on new materi-
als collected in mainland China. A key to species groups of the genus Intybia Pascoe,
1866 in China is provided.

Key words: Apalochrini, Cleroidea, Hainan, key, redescription, taxonomy

Introduction

The genus Intybia Pascoe, 1866 belongs to the tribe Apalochrini of malachi-
ine Melyridae, which is represented by about 170 species from the Asiatic
region, making it one of the most diverse genera within the tribe Apalochrini
(Wittmer 1997; Plonski 2013; Tshernyshev 2016; Ikeda and Yoshitomi 2017).
It is characterized by the following characters: antenna with scape and an-
tennomere 3 dilated and modified in the male; fore leg with tarsus and tibia
simple in the male, tarsal formula 5-5-5; and pronotum without bead along
lateral or posterior margins. Initially, most species of Apalochrini were in-
cluded in Laius Guérin-Méneville, 1830 (Macleay 1872; Blackburn 1888; Lea
1909). Champion (1921) treated Intybia as a subgenus of Laius, until Evers
(1994) re-diagnosed Laius and recognized Intybia as an independent genus.
This treatment was followed by most researchers, and subsequently, a con-
siderable number of species were transferred from Laius to Intybia (Wittmer
1995, 1997, 1999; Yoshitomi and Lee 2010; Plonski 2013, 2014a, 2014b; Plon-
ski and Geiser 2014). Plonski and Geiser (2014) and Plonski (2016) divided
Intybia into 11 species groups mainly based on colouration. A new subgenus,
Intybia (Protolaius) Tshernyshev, 2020 was described for several species of
the Intybia lombokana group based on male characters of the fore femora
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(Tshernyshev 2020). Tshernyshev (2015) established a new genus, Trog-
lointybia Tshernyshev, 2015, for a few species of Intybia with a sculptured
head; more species from Southeast Asia were transferred to this genus by
Tshernyshev (2016). Plonski (2016) suggested eyestalks as the autapomor-
phy of Troglointybia and transferred most species back to Intybia, leaving
only four species in Troglointybia.

Research on the genus Intybia is relatively abundant in some Asian regions,
including Japan (Ikeda and Yoshitomi 2017; Asano 2021), Philippines (Plonski
2014b; Tshernyshev 2016), the Himalaya region (Tshernyshev 2015) and Indo-
nesia (Wittmer 1995). In China, there are approximately 28 recorded species
of the genus Intybia, most of which were described by Wittmer (1955, 1956,
1982, 1995, 1996, 1997) and Pic (1907, 1910, 1919, 1921, 1927). According to
Plonski (2016), most species of Chinese Intybia can be assigned to five spe-
cies groups: Intybia guttata group, Intybia pelegrini group, Intybia picta group,
Intybia rubrithorax group and Intybia venusta group. While Intybia klapperichi
(Hicker, 1949), Intybia erectodentatus (Wittmer, 1982), Intybia eversi (Hicker,
1949) and Intybia concha Asano, 2015 are not assignable to any species group
described by Plonski (2016) based on specimens and original descriptions;
thus, two new species groups are described here. One new species collected
from Hainan Province, similar to Intybia klapperichi and Intybia erectodentatus,
is also described.

Material and methods

Intybia specimens involved in this study are deposited in the following institu-
tions: IZGAS-Institute of Zoology, Guangdong Academy of Sciences, Guang-
zhou, China; ZFMK-Zoologisches Forschungsmuseum Alexander Koenig,
Bonn, Germany.

Specimens for dissections were cleared in a 10% solution of KOH for about
10 h at room temperature. The abdomen with the aedeagus was transferred
to a cavity slide using fine forceps and the aedeagus was separated from the
abdomen using a hooked, fine dissecting needle. Specimens were mounted on
cards with white emulsion glue. Genitalia and terminal abdominal segments
are preserved in genitalia vials with glycerol.

The habitus images were captured using a Canon 7D DSLR camera, Can-
on MP-E 65 mm macro lens and Mitutoyo 5x objective lens, mounted on
a WeMacro Focus Stacking Rail, with Helicon Remote 3.9.10 and WeMac-
ro software for focus stacking. Male genitalia were photographed using a
Zeiss AxioCam HRc digital camera mounted on a Zeiss AX10 compound
microscope with the Axio Vision SE64 4.8 software. Layered images of the
male genitalia were stacked in Helicon Focus software and edited in Photo-
shop CC 2022.

The morphological terms used in this paper follow Lawrence and Slip-
inski (2013). Measurements were made as follows: body length—from the
apical edge of the clypeus to the apex of the elytra; pronotal length—median
line from the anterior margin to the posterior margin; pronotal width—maxi-
mum width of the pronotum; elytral length—from the base of the scutellum
to the elytral apex along the suture; elytral width—maximum width across
the elytra.
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A

Taxonomy

Melyridae Leach, 1815
Malachiinae Fleming, 1821

Intybia klapperichi group

Diagnosis. Body size small (less than 2.5 mm). Head black with anterior area
yellow, pronotum and elytra entirely black; antenna with basal three segments
yellow, antennomeres 4-11 brownish to dark brown; legs yellow with basal 4/5
of femora brown to black (Figs 1A, D, 3A, B). Vestiture of short whitish setae. Dor-
sal surface without distinct punctuation. Antennomere 3 suboval, with projection
along inner edge (Figs 1C, 3D). Pronotum transverse, slightly constricted at base.

Included species. Intybia erectodentatus (Wittmer, 1982), Intybia hainanensis
Wang & Liu, sp. nov., Intybia klapperichi (Hicker, 1949).

Distribution. Only known from China: Fujian, Guangdong, Hainan, Taiwan.

Intybia hainanensis Wang & Liu, sp. nov.
https://zoobank.org/C25966F5-97F1-4B7F-9278-6A67E63296B0
Figs 1,2A-C

Type material. Holotype: CHINA * &; Hainan, Ledong, Jianfengling; 18.731273°N,
108.873082°E; 17 Mar. 2021; Yuchen Zhao leg; IZGAS. Paratype: + 1 J; same
data as for holotype.

Diagnosis. This species is similar to Intybia erectodentatus (Wittmer, 1982)
and Intybia klapperichi (Hicker, 1949) in body shape and colouration. It can be
easily recognized by the shape of antennomere 3 (Fig. 1C), whose inner protru-
sion is pointed apically (blunt in the other two species).

Figure 1. Intybia hainanensis sp. nov., holotype A habitus, dorsal view B head, dorsal view C basal antennoeres, dorsal
view D habitus, ventral view. Scale bars: T mm (A, B).
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Description. Male. Length 2.0-2.1T mm. Head yellow, with areas behind mid-
dle of eyes black on dorsal surface, frons with darker median spot (Fig. 1B);
ventral surface with gular area more? or brownish. Mandibles yellow with black
apex, maxillary palps and labial palps brownish. Antennae with antennomeres
1-4 yellow, remaining 7 segments brown. Pronotum and elytra black. Legs yel-
low with basal 4/5 of femora and apex of trochanters dark brown to black.
Prosternum dark brown, mesoventrite and metaventrite black; abdominal ven-
trites dark brown with medial areas of ventrite 2-5 yellow (Fig. 1A, D). Vestiture
of short yellowish setae.

Head widest across eyes, nearly as wide as pronotum; dorsal surface flat,
covered with dense short setae, clypeus divided into sclerotized postclypeus

Figure 2. Intybia hainanensis sp. nov., paratype (A-C) and Intybia klapperichi (Hicker, 1949) (D-F) A, F aedeagus, dorsal
view B, D sternite VIII C, E tergite VIII.
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and membranous anteclypeus; frons weakly depressed, slightly constricted in
front of eyes. Eyes relatively large and laterally protruding. Antenna with 11 seg-
ments; scape subtriangular, elongated with slightly enlarged apex; antennomere
3 enlarged and suboval, inner edge with inwardly twisted projections; antenno-
meres 4-11 covered with short white setae. Labrum transverse, dorsal surface
convex. Mandibles bidentate apically, slightly blunt, inner margin straight. Max-
illary palps with 4 segments, last segment enlarged and obliquely truncated;
labial palps 3 with segments, segment 1 very short, segment 3 conical.

Prothorax transverse; pronotum about 0.7 times as long as wide, widest
at about basal third, distinctly constricted at base (Fig. 1A); anterior margin
rounded and posterior margin nearly straight. Surface covered with short white
setae. Prosternum short, protrochantins exposed. Procoxal cavities transverse
and nearly contiguous, posteriorly open; procoxae enlarged and distinct pro-
truding. Scutellum transverse with posterior margin slightly rounded.

Elytra about 1.4 times as long as wide, pear-shaped, widest at about anterior
third; humeri rounded and slightly elevated. Surface covered with short white
setae. Mesoventrite and metaventrite covered with white setae. Mesoventrite
short and subtriangular; mesocoxal cavities large, contiguous at middle, lat-
erally open to mesepimeron; mesocoxae subtriangular, apex slightly swollen,
distinctly projecting. Metaventrite enlarged; discrimen distinct, not extending to
center, lateral areas with punctures; metanepisternum broad, narrowed posteri-
orly. Metacoxae transverse, subtriangular, sharply narrowed beside trochanter.

Legs (Fig. 1C) slender, femora slightly enlarged at middle, covered with
dense short setae; tibiae slender, with denser setae than femora, which is even
denser on inner surface of fore tibiae. Tarsal formula 5-5-5; tarsomeres 3 and
4 slightly shorter than tarsomeres 1 and 2; tarsomere 5 longest, with pair of
symmetrical small claws and membranous appendages.

Abdomen with 6 freely movable ventrites; ventrite 1 divided by metacoxae;
ventrites 2—-4 subequal in length and gradually decreasing in width. Ventrites
2-6 covered with white to light yellow setae on both sides, with longer setae
on the last 2 ventrites. Tergite VIII (Fig. 2C) with apical margin broadly rounded,
covered with sparse setae; sternite VIII (Fig. 2B) weakly connected at middle.
Aedeagus (Fig. 2A) slender, narrowly rounded apically; endophallus with longi-
tudinal sclerite about half as long as penis, curved near base, subapical area
with numerous spinules.

Female. Unknown.

Etymology. The species name is derived from the province Hainan, where
the type specimens were collected.

Distribution. Hainan.

Intybia klapperichi (Hicker, 1949)
Figs 2D-F, 3

Material examined. Holotype: CHINA « &; Fujian, Kwangtseh; 1 Sept. 1937; J.
Klapperich leg.; ZFMK-COL-1000188.

Other materials. CHINA + 2 &, 4 Q; Guangdong, Shaoguan City, Ruyuan, Nan-
ling National Forest Park; 24.88487°N, 113.03585°E; 9 May 2023; Zhenhua Liu,
Yugi Wang and Liye Wei leg.; net sweeping; IZGAS.

ZooKeys 1202: 329-341 (2024), DOI: 10.3897/zookeys.1202.115935 333



Yugi Wang et al.: Contribution to the Chinese Intybia Pascoe, 1866

Diagnosis. It can be distinguished from the other two species within the spe-
cies group by shape of antennomere 3 (Fig. 3D), with inner protrusion blunt
apically and bent toward posterior (inner protrusion pointed apically in Intybia
hainanensis and bent toward anterior in Intybia erectodentatus).

Redescription. Male. Length 2.0-2.4 mm. Head yellow, with areas behind
middle of eyes black on dorsal surface (Fig. 1A, G), frons with median area dark-
er (Fig. 3E); ventral surface with gular area dark brown. Mandibles yellow with
black apex; maxillary palps and labial palps dark brown. Antennae with scape
and antennomere 3 light yellow, antennomeres 4-11 brown to black (Fig. 3D).
Pronotum and elytra black. Legs with coxae, trochanters and femora mostly
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Figure 3. Intybia klapperichi (Hicker, 1949) A male habitus, dorsal view B male habitus, ventral view C female habitus, dorsal
view D male antenna, dorsal view E head, dorsal view F holotype, labels G holotype, dorsal view. Scale bars: 1 mm (A-C, G).
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black; apex of tarsi, middle areas of middle and hind tibiae brownish to dark
brown; remaining part of tibiae and tarsi, joints of coxae and trochanters yellow
(Fig. 3B). Prosternum, mesoventrite and metaventrite black; abdominal ven-
trites black with medial areas yellow to orange. Vestiture of dense white setae.

Head widest across eyes, nearly as wide as pronotum; dorsal surface flat,
covered with short setae; clypeus divided into sclerotized postclypeus and
membranous anteclypeus; frons slightly constricted in front of eyes. Eyes large
and laterally protruding. Antenna with 11 segments; scape elongated and sub-
triangular; antennomere 3 suboval, inner margin with a hammer-shaped projec-
tion twisting towards posterior (Fig. 3D); antennomeres 4-11 densely covered
with setae. Labrum transverse, anterior margin strongly arched. Maxillary palps
with 4 segments, last segment enlarged and obliquely truncate; labial palps
with 3 segments, terminal segment conical.

Prothorax transverse; pronotum about 0.7 times as long as wide, widest at
about half; margins smooth, without distinct angles; anterior margin evenly
arched, posterior margin nearly straight. Surface densely covered with white
short setae. Prosternum short, protrochantin exposed. Procoxal cavities trans-
verse and contiguous at middle; procoxae enlarged, subtriangular. Scutellum
subtrapezoid, posterior margin nearly truncated.

Elytra about 1.4 times as long as wide, widest at about anterior third, lateral
margins slightly curved; humeri slightly elevated. Surface densely covered with
white setae, longer than those on pronotum, punctation indistinct. Mesoven-
trite transverse and subtriangular; mesocoxal cavities contiguous at middle,
laterally open to mesepimeron; mesocoxae enlarged and subtriangular, dis-
tinctly projecting, trochantins exposed. Metaventrite transverse, slightly swol-
len, metanepisternum broad at base, narrowed posteriorly. Metacoxae trans-
verse, subtriangular, sharply narrowed beside trochanter.

Legs (Fig. 3B) slender, femora slightly enlarged at middle, covered with dense
short setae; tibiae slender, with denser setae than femora, which is even denser
on inner surface of fore tibiae. Tarsal formula 5-5-5, terminal tarsomere with
pair of symmetrical small claws and membranous appendages.

Abdomen with 6 freely movable ventrites. Ventrites with long setae on the
sides, longer setae on ventrites 4-6. Tergite VIII with posterior margin emargi-
nate (Fig. 2E), covered with sparse setae, denser along apical margin; sternite
VIl narrowly weakly connected at middle (Fig. 2D). Aedeagus (Fig. 2F) slender,
apex narrowly rounded; endophallus with longitudinal sclerite, about half as
long as penis; subapical area with numerous spinules.

Female. Similar to male in body shape and colouration (Fig. 3C), but with
head entirely black. Antenna with scape only slightly dilated apically; antenno-
mere 3 simple, rectangular. Fore tarsi distinctly longer than those in male.

Distribution. Fujian, Guangdong.

Intybia eversi species group

Diagnosis. Head, pronotum, scutellum and elytra black, elytra with metallic blue
luster (Fig. 4A-C, F). Vestiture of dense short setae. Head with midcranial su-
ture. Pronotum strongly constricted posteriorly, distinctly shorter than elytra at
base. Elytra only with dense fine punctures at center, remaining areas nearly
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smooth. This species group resembles the Intybia lombokana group (Plonski,
2015) in colouration, but can be easily distinguished by the simple vestiture,
punctation on the elytra and shape of the pronotum.

Remarks. Tshernyshev (2020) established the subgenus Protolaius for
Intybia lombokana (Pic, 1910) and Intybia schillhammeri (Wittmer, 1966) of the
Intybia lombokana group, mainly based on the excavate femora in the male,
which is absent in Intybia concha.

Included species. Intybia concha Asano, 2015, Intybia eversi (Hicker, 1949).

Distribution. Only known from China (Guangdong, Jiangsu, Shaanxi, Taiwan).

Intybia eversi (Hicker, 1949)
Figs 4,5

Material examined. Holotype: CHINA - &; Fujian, Kwangtseh; 17 July 1937; J.
Klapperich leg.; ZFMK-COL-1000176.

Other materials. CHINA * 1 &, 1 Q; Zhejiang, Shaoxing City, Yuecheng District,
Fusheng Town; 29.94070°N, 120.73935°E; 14 July 2020; Yuchen Zhao leg.; net
sweeping; IZGAS; « 1 J; Hubei, Huanggang City, Macheng Aimenguan; 565 m;
31.3856863°N, 115.3231569°E; Fei Ye and Yuqi Wang leg.; IZGAS - 3 ©; Guang-
dong, Shaoguan City, Nanling National Forest Park first peak; 24.91971°N,
112.974713°E; 1541 m; 24 Aug.—28 Sept. 2022; Wenfeng Li and Ruonan Zhang
leg.; malaise trap; IZGAS.

Diagnosis. This species can be distinguished by its scape with a dark stripe
along the inner margin (Fig. 4D), head with a midcranial suture and fine puncta-
tions on the elytra. Compared to Intybia concha, antennomere 3 of this species
has a smoother edge, presenting a more regular spindle shape, with the outer
margin slightly blunter than the inner margin.

Redescription. Male. Length 2.7-3.2 mm. Head black, with areas between
antennal insertions and anteclypeus yellowish; labrum black at base, apical area
yellow, maxillary palps with apex of terminal segment dark yellow. Antenna with
basal 3 segments yellow, base of scape black, antennomere with dark stripe
along anterior edge on dorsal surface; antennomere 4-11 brownish to dark
brown (Fig. 4D). Pronotum black, elytra iridescent dark blue with metallic lustre.
Legs deep brown to black with tarsi light brown. Ventral side black, with medial
areas and posterior margins of abdominal ventrites 2—5 orange, ventrites 2 to 5
extending yellow regions laterally (Fig. 4B). Vestiture of short white setae.

Head widest across eyes, narrower than pronotum; dorsal surface flat, with
distinct midcranial suture; frons slightly constricted in front of eyes; clypeus
divided into sclerotized postclypeus and membranous anteclypeus. Eyes large
and conspicuously prominent. Antenna with 11 segments; scape subtriangu-
lar, with apex distinctly dilated; antennomere 3 strongly transverse, with large
transverse concavity, inner edge slightly pointed; antennomeres 4-11 covered
with dense white short setae. Labrum transverse and large, nearly semicircular,
apical margins strongly arched. Maxillary palps with 4 segments with terminal
segment dilated and obliquely truncate; labial palps with 3 segments with ter-
minal segments conical.

Pronotum slightly transverse, about 0.8 times as long as wide, widest at
about basal third; lateral margins strongly constricted at base, anterior margin
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Figure 4. Intybia eversi (Hicker, 1949) A male habitus, dorsal view B male habitus, ventral view C female habitus, dorsal
view D male antenna, dorsal view E holotype, labels F holotype, dorsal view. Scale bars: 1 mm (A-C, F).

curved, posterior margin almost straight (Fig. 4A, F); disc convex dorsally, slight-
ly depressed posteriorly. Surface nearly smooth, without distinct punctuation;
densely covered with short setae. Prosternum short, protrochantins exposed.
Procoxal cavities strongly transverse, contiguous at middle; procoxae enlarged
and ventrally protruding. Scutellum subtrapezoidal, posterior margin truncate;
surface covered with sparse short setae.

Elytra about 1.2 times as long as wide, widest at about apical third, ovoid;
humeri slightly elevated; surface covered with dense fine punctures at middle,
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Figure 5. Intybia eversi (Hicker, 1949), male genitalia A aedeagus, dorsal view B aedeagus, lateral view C tergite VI

D sternite VIII.

remaining areas nearly smooth, covered with dense short setae. Mesoventrite
elongated; mesocoxal cavities contiguous at middle, laterally open to mese-
pimeron; Mesocoxae large and triangular, ventrally protruding. Metaventrite
slightly swollen, with short discrimen; metacoxae transverse, subtriangular,
sharply narrowed beside trochanters.

Legs slender, femora slightly swollen, covered with white short setae; tibiae
slender, with denser setae than femora, which is even denser on inner surface of
fore tibiae. Tarsal formula 5—5-5, front tarsi distinctly shorter; terminal tarsomere
with pair of symmetrical small claws and membranous appendages underneath.

Abdomen with 6 freely movable ventrites; ventrites 1-4 subequal in length,
longer than apical 2 segments, ventrites 4—6 gradually narrowed to apex. Terg-
ite VIII (Fig. 5C) subtrapezoid, with pair of moderately long and curved posterior
struts, posterior margin triangularly emarginated; sternite VIIl (Fig. 5D) trans-
verse, weakly connected at middle. Aedeagus broad at middle (Fig. 5A), apex
acute and curved (Fig. 5B); endophallus with 4 broad and curved sclerites at
middle, and 4 small spine—shaped sclerites next to them, 3 at basal and 1 at
apical, subapical area with a few thick spinules.

Female. Similar to male in body shape and colouration (Fig. 4C), but antenna
with scape only slightly dilated apically, antennomere 3 simple and elongated,
front tarsi longer.

Distribution. Fujian, Guangdong.
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Key to species groups of the genus Intybia Pascoe in China

On the basis of species group designations proposed by Plonski (2016), a key
to species groups of Intybia in China is provided below:

1 Elytra monochrome, without spot or Stripe...........ccccevveviieviieiiciiiiccieeee, 2
- Elytra not monochrome, with whitish, yellowish or orange spots or stripes.... 4
2 Thorax orange-red; elytra dark blue with metallic luster, with dense and

coarse punctuation............cccceeeeeiieiicieeie e Intybia rubrithorax group
— Thorax black; elytra black, with or without metallic blue luster, without dis-
TINCT. PUNCTATION......iiiiie e e 3

3 Elytra black with metallic blue luster, head with frons black; pronotum
strongly constricted at base; body length more than 3.5 mm.............c..........
........................................................................................... Intybia eversi group

— Elytra black without metallic luster, head with frons yellow; pronotum gradu-
ally constricted to base; body length less than 2.5 mm ..o,
...................................................................................... Intybia klapperichi group

4 Thorax orange-red; elytra with two transverse orange stripes mixed with
white, which are connected along the suture.............. Intybia venusta group

— Thorax black; elytra with one transverse stripe or three whitish spots........ 5

5 Elytra black without metallic luster, with three whitish spots, one at about
anterior third and two subapical...............c.ccocoon. Intybia guttata group

— Elytra black, sometimes with metallic luster, with one yellow to orange
transverse stripe before middle, sometimes continuous across suture .......
...................................................................................... Intybia pelegrini group
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Abstract

A morphological and molecular analyses of a newly discovered species, Glossobala-
nus weii sp. nov., from Danzhou city, Hainan Island, China is presented. Several mor-
phological characters distinguish this new species, while molecular analyses confirm
significant genetic divergence from its recognized congeners (p-distance > 0.25 in mi-
tochondrial genomes). Phylogenetic analyses place the new species in a distinct sister
clade to G. polybranchioporus, which is afforded first-class state protection in China. An
updated retrieval table is provided for the eight species of Hemichordata found in China.
Hemichordate diversity remains underestimated and this new species emphasizes the
need for their ongoing conservation in southern China.

Key words: Conservation, external morphology, Hainan, molecular analysis, morphometry

Introduction

While Hemichordata now belong to the Ambulacraria clade on a par with Echi-
nodermata, they are nevertheless considered the closest relatives to chordates,
because they typically share common features such as bilateral symmetry, gill
slits and early axial patterning. Hemichordates occupy an important position in
the study of the origin and evolution of deuterostomes. The phylum Hemichor-
data comprises approximately 130 living species worldwide (Tassia etal. 2016),
divided into two classes: Enteropneusta (commonly known as acorn worms)
and recently the Graptolithoidea (sea angels) (Swalla and van der Land 2024).
The extant and extinct taxa of the Enteropneusta was well reviewed in Maletz
(2023). The newly accepted class Graptolithoidea embraces two taxa: Grap-
tolithina and Pterobranchia. The Enteropneusta is further classified into four
families: Harrimaniidae Spengel, 1901, Ptychoderidae Spengel, 1893, Spengel-
idae Willey, 1898, and Torquaratoridae Holland, Clague, Gordon, Gebruk, Paw-
son & Vecchione, 2005. The family Saxipendiidae is placed within Harrimanii-
dae according to the Hemichordata World Database (Deland et al. 2010). The
Ptychoderidae are characterized by a highly developed branchiogenital region
and hepatic sacculations.
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Seven species of hemichordates are recorded from China: Glossobalanus
polybranchioporus Tchang & Liang, 1965; Saccoglossus hwangtauensis Tchang
& Koo, 1935; Balanoglossus misakiensis Kuwano, 1902; B. carnosus Miiller in
Spengel, 1893; Glossobalanus mortenseni van der Horst, 1932; Ptychodera fla-
va Eschscholtz, 1825, and Glandiceps gingdaoensis An & Li, 2005. In China,
G. polybranchioporus and S. hwangtauensis are under first-class state protec-
tion and the other five species are under second-class state protection as rare
and endangered wildlife. Despite the wide distributional range of the known
sixteen species of Glossobalanus, from European Seas to the northeast Pacific,
many regions of their biogeographic range remain unexplored (Fig. 1).

During recent field surveys along the Chinese coast, we discovered specimens
of the genus Glossobalanus from Toudong village in Danzhou City, Hainan Province
(Fig. 1), which were not previously known. Detailed comparisons with all known
Glossobalanus species revealed significant morphological differences between
this new record and its relatives, particularly in proboscis and collar morphology.
Further genetic analyses confirmed its phylogenetic distinctiveness from currently
recognized congeners. Here we describe this new species as Glossobalanus weii
sp. nov. and provide an updated key to identify the different species of hemichor-
dates in China. We also discuss their diversity and conservation issues.

Materials and methods
Taxonomic sampling

Specimens of Glossobalanus weii sp. nov. were collected from Toudong village,
Danzhou, Hainan Province, China in February and July 2023. Two specimens for
histological investigation were fixed in Bouin’s solution and dehydrated in a grad-
ed series of ethanol. The voucher specimens are stored in 70% ethanol at the
Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou)
(also named Guangzhou Marine Laboratory, for short GML) Biological Resource
Sample Bank. Specimens for comparison of Glossobalanus polybranchioporus,
Balanoglossus misakiensis, and Glandiceps gingdaoensis were donated by Pro-
fessor Xinzheng Li of the Institute of Oceanology, Chinese Academy of Sciences,
collected from Jiaozhou Bay, Qingdao, Shandong Province, China. Fresh trunk
tissue of these specimens was used for comparative genetic analysis.

Morphological data

Total length (ToL), proboscis length (proL), collar length (colL), hepatic region
length (hepL), branchial length (brL) (from the beginning of branchiogenital region
to the end of the gill region), and branchiogenital region length (brgL) of the speci-
mens were measured using ImageJ2. Length analysis was performed three times
and the average value was taken. For older papers that do have relevant length
records, measurements were taken from pictures that included a scale. The spec-
imens for histology investigation were cut into frozen sections (10 um thickness)
after being submerged in optimal cutting temperature compound (OCT). Thin sec-
tions from the largest frozen sections were selected for hematoxylin and eosin
(HE) staining. Thin sections were viewed and photographed with a Nikon, Eclipse
Ti2 photomicroscope. All materials examined are deposited in GML.
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Figure 1. The global distribution of all Glossobalanus species. The distributions were compiled from the original descrip-
tion data. The type locality of Glossobalanus weii sp. nov. on Hainan Island, China was marked in red.

Genetic data

Molecular genomic DNA was extracted from the trunk of four specimens using the
SDS method followed by purification with QIAGEN® Genomic kit (Cat#13343, QIA-
GEN), according to the standard operating procedure provided by the manufacturer,
and was sequenced using the MGI-DNBseqT7 platform. Following the MitoZ tutori-
al (Meng et al. 2019), a total of 5 G base pairs (bp) of each specimen were obtained
respectively, and their complete mitochondrial genome was generated. The assem-
bled mitochondrial genomes were automatically annotated and manually corrected
in Geneious Prime 2022.2.2. The mitogenome sequence assembly N_001485032,
N_001485033, N_001485034 and N_001485035 were uploaded to China National
GeneBank (https://db.cngb.org/). In addition, the available mitochondrial genome
sequences of congeners were downloaded from GenBank (https://www.ncbi.nlm.
nih.gov/genbank/). Available accessions are listed in Table 1.

Table 1. Mitochondrial genome sequences used in this study.

Family Species Accession No.
Cephalodiscidae Cephalodiscus hodgsoni Ridewood, 1907 MF374802
Harrimaniidae Saccoglossus kowalevskii (Agassiz, 1873) NC_007438
Harrimaniidae Stereobalanus canadensis (Spengel, 1893) NC_040107
Ptychoderidae Balanoglossus carnosus Miiller in Spengel, 1893 NC_001887
Ptychoderidae Balanoglossus clavigerus Delle Chiaje, 1829 NC_013877
Ptychoderidae Balanoglossus misakiensis Kuwano, 1902 N_001485032
Ptychoderidae Glossobalanus marginatus Meek, 1922 NC_040109
Ptychoderidae Glossobalanus polybranchioporus Tchang & Liang, 1965 | N_001485033
Ptychoderidae Glossobalanus weii sp. nov. N_001485035
Rhabdopleuridae Rhabdopleura compacta Hincks, 1880 FN908482
Spengelidae Schizocardium brasiliense Spengel, 1893 NC_040108
Spengelidae Glandiceps gingdaoensis An & Li, 2005 N_001485034

Species names were checked on WoRMS (www.marinespecies.org). Mitochondrial genome acces-
sions were from GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and China National GeneBank
(https://db.cngb.org/).
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Phylogenetic analyses

Sequences were aligned using MAFFT (Kuraku et al. 2013) with the default pa-
rameters and further trimmed by trimAl (Capella-Gutiérrez et al. 2009) with pa-
rameters -gt 0.6. The aligned DNA sequences of 13 protein-coding genes in the
mitochondrion were concatenated in a single dataset (total 11,281 bp) and sub-
jected to Bayesian inference (BI) analyses under the optimal partitioning scheme.
The genetic data were partitioned into five unequivocal data blocks and the best-
fit nucleotide substitution model for each block was identified using the Partition-
Finder v. 2.1.1 (Lanfear, et al. 2017) which nesting in IQ-TREE v. 1.6.12 (Nguyen et
al. 2015). The nucleotide models GTR+I+G or GTR +G were used in our analysis,
considering the constraints of the available models in MrBayes (Ronquist et al.
2012) and the recommendations provided by PartitionFinder. Bl analyses were
performed using MrBayes v. 3.2. Two independent Markov chain Monte Carlo
(MCMC) runs were performed with three heated and one cold chain for 10° gener-
ations and sampled every 1,000 generations. To judge convergence and effective
sample sizes (ESS) for all parameters, Tracer v. 1.7 (Rambaut et al. 2018) was
used to analyze, all the ESS values exceeding 100 after the first 25% generations
were discarded. The consensus tree and posterior probabilities were estimated
from the remaining generations of two runs and compared for congruence.

Results
Morphological results

The specimens were morphologically consistent with the recognized species
from the genus Glossobalanus. They differ from the other 16 species of Glosso-
balanus in their combination of morphological characters, including larger size,
and proboscis to collar proportions and markings (Table 2). The taxonomic
account is as follows.

Taxonomic account

Phylum Hemichordata

Class Enteropneusta

Family Ptychoderidae Spengel, 1893
Genus Glossobalanus Spengel, 1901

Glossobalanus weii sp. nov.
https://zoobank.org/BD53EAB7-7B4C-400C-A441-80CF57B7F22D
Fig. 2

Material examined. Holotype. GML-23021883041 (Fig. 2A), adult female,
collected from Toudong Village, Xinying Town, Lingao County, Danzhou City,
Hainan Province, China (19°52.2035'N, 109°32.1094'E), collected by Xianan
Fu, Weijian Guo and Wenliang Zhou on 23 Feb 2023 (GML). Paratypes. GML-
23021883042 (Fig. 2B-D), adult male, same collection information as holo-
type. GML-23070380011, adult male, same location information as holotype,
collected by Xianan Fu and Zhongwen Ding on 4 Jul 2023 (GML).
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Table 2. Morphometric measurements and distribution of G. weii sp. nov. and all other
sixteen species of Glossobalanus.

Species (r17-1°n|;) (?;:) ((r::r::) (hrﬁﬁb |
G. alatus van der Horst, 1940 34.5 2 3 3.7 <1 9-10
G. barnharti * 67 21-24 1.7-21 14.8 1-14 3
Cameron & Ostiguy, 2013
G. berkeleyi * Willey, 1931 60.7 491 3,39 - 1.4 4
G. crozieri * van der Horst, 1924 30-50 25-4 3 - 08-13 2

G. elongatus Spengel, 1904 - - - - - -

G. hartmanae 23 -45 3.5 3.5 4 1 45
Cameron & Ostiguy, 2013

G. hedleyi (Hill, 1897) - - - - - -
G. indicus Rao, 1955 - - - - _ _
G. marginatus Meek,1922 50 7 5 - 1.4 3-4
G. minutus* (Kowalevsky, 1866) 42 3 2 - 1.5 2-3
G. mortenseni van der Horst, 1932 38.5-67  45-49 32-37 49-76 2-24 -
G. parvulus Punnett, 1906 - - - - _ _

G. polybranchioporus 352-613| 10-12 8-10 | 40-74 1-14  4-6
Tchang & Liang, 1965

G. ruficollis (Willey, 1899) - 4-4.5 6.5-7 - <1 9-10
G. sarniensis (Koehler, 1886) 35-100 - - - ~1 6-9
G. williami Cameron & Ostiguy, 2013 130 2.5 1.5 - 1.7 -
G.weii sp. nov. 176 =196 | 11.1-15.9 | 52-6.6 24-26.2 2.1-2.4 5

*Measured according to the picture with standard scale. *G. crozieri was based on description in
Petersen and Ditadi (1971). Abbreviations: branchiogenital region length (brgL); branchial length
(brL); collar length (colL); hepatic region (hepL); proboscis length (proL); total length (ToL).

Diagnosis. Glossobalanus weii sp. nov. can be differentiated from closely
related species by a combination of the following characters: (1) large worms
with adult body size of more than 150 mm (Fig. 2A); (2) the proboscis is twice
as long as the collar (Fig. 2B); (3) a dark spot on the tip of the proboscis (Fig.
2A, B); (4) a rather broad posterior collar margin and the dorsal margin of the
collar is shorter than the ventral margin (Fig. 2B); (5) the collar is covered with
longitudinal pleats bound tightly with a ring in the center (Fig. 2B); and (6) a
slender brown hepatic region with plump sacculations (Fig. 2E).

Description. Body of the holotype as in Fig. 2. The worm bodies are frag-
ile and easily broken. When placed on a flat surface or photographic canvas
they shrink severely and break and it is necessary to examine and measure
them in an aqueous or similar solution. The complete living specimen is 176
mm long. There is a dark spot on the tip of the proboscis. The proboscis can
stretch freely from 11 to 16 mm. The collar has a number of longitudinal folds
with a pale-colored ring in the middle, and on the back, the collar has a raised
broad edge forming another ring band (Fig. 2B). The dorsal collar length is
4.7 mm, and ventral collar length is 5.7 mm in the vertical direction; the width
is 5-9 mm in the transverse direction. The anterior margin of the collar encir-
cles the base of the proboscis, and there is a conspicuous mouth in the center
of the ventral surface of the anterior end at the junction with the proboscis.
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longitudinal folds _

centre ring
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10mm
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Figure 2. External form of Glossobalanus weii sp. nov. A whole body of female GML-23021883041 under natural condi-
tions B proboscis and collar of paratype male GML-23021883042 C branchial region dorsal side photo of paratype male
GML-23021883042 D intestinal canal containing food E hepatic region photo of paratype male GML-23021883042.

Trunk is sub-cylindrical and divided into branchiogenital region, hepatic region,
and intestinal region. The branchiogenital region is 105 mm long and 6.2 mm
in transverse diameter, sub-cylindrical and slightly furrowed. There are 40 pairs
of small gill pores that are invisible without magnification. The beginning of the
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branchiogenital region is connected with the posterior margin of the collar and
covers the anterior part of the gill region (Fig. 2C). The slender intestinal canal
extends from branchiogenital region through the hepatic region. The digestive
tract narrows before the hepatic region (Fig. 2D). Hepatic region length is 24~
26 mm with about 60 pairs of mature sacculations (Fig. 2E). The arrangement
of the hepatic sacculations is plumper and sparser at the anterior, and progres-
sively tighter and neater at the posterior end.

Coloration. In fresh specimens, the body is generally brownish yellow, fading
to pale yellow or pale tan in the proboscis and has a black tip. There is a pale,
thin ring in the middle of the collar, and a darker colored annular band connects
the collar and branchiogenital region of the trunk (Fig. 2B). The branchiogenital
region is yellowish brown in females and pale yellow or honey yellow in males.
The anterior portion of the hepatic trunk is dark brown and fading to pale brown
on the posterior portion (Fig. 2E). The preserved specimens faded to a dull yel-
low. The hepatic region turned grey after fixation in alcohol.

Anatomical and histological characters. The circular musculature and the
epidermis of the proboscis have equal thickness around 0.3 mm (Fig. 3A, B).
The proboscis is filled with slender muscles and the circular muscle is outside
the longitudinal musculature (Fig. 3A, B). The proboscis cavity is small and may
be missed in the transverse section (Fig. 3C). The buccal diverticulum was in-
tegrated with the pericardial coelom and surrounded by glomerulus (Fig. 3C).
The proboscis bifurcates at the anterior collar into two crura at more than 180°
(Fig. 3C). The proboscis has the appearance of a butterfly extending into the
median of the collar on the dorsal side (Fig. 3D). The flattened nerve cord is
surrounded by the perihemal diverticula (Fig. 3E). The hepatic sacculations are
neatly arranged and symmetrical overall (Fig. 3F).

Natural history and distribution. Glossobalanus weii sp. nov. is currently only
known from the inlet of Toudong village of Danzhou, Hainan Province, China, in
the Beibu Gulf (Fig. 1). The new species inhabits humic mudflat intertidal zones
with gravelly and shell carcass substrates and is a burrowing filter-feeder (Fig. 4).

Etymology. This species is named after Fuwen Wei to commend his contri-
butions to Zoology and Conservation biology. We propose the common name
“BLICE L H” in Chinese.

Genetic results. The validity of G. weii sp. nov. was supported by molecular
phylogenetic analysis based on the aligned DNA sequences of 13 mitochondri-
onal protein-coding genes (Fig. 5). Bayesian phylogenetic analyses revealed that
the specimens form an independent clade with robust support and are closest
to G. polybranchioporus. The uncorrected pair-wise sequence divergence be-
tween the new species and the other recognized relatives was > 25% (Table 3).

Thecomplete mitogenome of G. weiisp.nov.is 15,835bplongwithabasecom-
position of 15.8% G, 27.0% A, 25.4% T,and 31.7% C. It encoded 37 genes includ-
ing 13 protein-coding genes, 22 tRNA genes, 2 rRNA genes, and a control region
(Fig. 5B). All these genes were encoded on the heavy strand, except for the ND6
protein-coding gene and seven tRNA genes (tRNA-Ala, tRNA-Cys, tRNA-Asn, tR-
NA-Pro,tRNA-GIn,tRNA-Ser and tRNA-Tyr) which were located on the light strand.

Combined with the morphological comparison and phylogenetic data, we
confirm that the specimens from Danzhou, Hainan Island represent a new
species of the genus Glossobalanus.
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A

5mm 5mm
Figure 3. Histological characteristics of Glossobalanus weii sp. nov. A longitudinal section through the anterior proboscis
B transverse section through the anterior proboscis C frontal section through the posterior proboscis and collar D trans-
verse section through the anterior collar E transverse section through the posterior collar F transverse section through
the hepatic region. Abbreviations: buccal diverticulum (bd); circular musculature (cm); epidermis (ep); glomerulus (gl);
hepatic sacculations (hs); longitudinal musculature (Im); nerve cord (nc); proboscis cavity (pc); perihaemal diverticula
(pd); proboscis skeleton (pk).
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A

Figure 4. Habitat of Glossobalanus weii sp. nov. A the intertidal zone habitats at the
type locality B the humic mudflats intertidal zone with gravelly and shell carcasses
substrates feature.

Table 3. Estimates of evolutionary divergence between hemichordates with whole mitochondrial genome.

Species 1 2 3 4 5 6 7 8 9 10 11
Glossobalanus weii sp. nov.
Glossobalanus polybranchioporus 0.255
Balanoglossus clavigerus 0.267 | 0.285
Balanoglossus misakiensis 0.274 | 0.281 | 0.279
Balanoglossus. carnosus 0.276 | 0.281 | 0.258 @ 0.287
Glossobalanus. marginatus 0.332 | 0.334 0.352  0.349 0.361
Schizocardium brasiliense 0.377  0.388 | 0.401 | 0.402 | 0.405 0.407
Glandiceps gingdaoensis 0.392 | 0.407 | 0.402 | 0.414 | 0.411 0.419 0.348
Saccoglossus kowalevskii 0.514 | 0.516 | 0.550 | 0.509 | 0.547 | 0.522 | 0.533 | 0.546
Stereobalanus canadensis 0.461 0.464 @ 0.469 | 0.453 | 0.471 0.478 | 0.447 0.476 @ 0.531
Rhabdopleura compacta 1.091 | 1.053 | 1.065 1.039 1.063 | 1.070 | 1.013 | 1.060 | 1.021 0.953
Cephalodiscus hodgsoni 1.116 | 1.080 | 1.107  1.092 | 1.096 1.083 | 1.047 1.093 | 1.074 1.042 | 0.815

The number of base substitutions per site from between sequences are shown. Analyses were conducted using the Maximum Composite
Likelihood model. This analysis involved 13 nucleotide sequences. All ambiguous positions were removed for each sequence pair
(pairwise deletion option). Evolutionary analyses were conducted in MEGA11 (Tamura et al. 2021).
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Figure 5. Phylogenetic analyses using Bl based on 13 protein-coding genes in the mito-
chondrion of species of Glossobalanus A the new species formed a distinct sister clade
to G. polybranchioporus. The posterior probability of the node<1 is shown on the phyloge-
netic tree B map of the assembled and annotated G. weii sp. nov. mitochondrial genome.

Key to the eight species of Enteropneusta in China

1 Hepatic sacculations present; branchiogenital region highly developed to

two dorsolateral rows of gill pores and serial gonads houses................... 2
—  Hepatic sacculations absent; branchiogenital region not well developed...7
2  Gill apertures broad; gonads only on the ventral of lateral septum.............
.............................................................................................. Ptychodera flava
—  Gill apertures narrow; gonads on both the ventral and dorsal of lateral sep-
100 ] 0 [P PO T U UUURN 3

3  Well-developed genital wings ..
—  Dorsolateral genital ridges........coooiioioiiieeeeeeeeee e 5
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4  Proboscis length equal in collar; genital wing initiation separated from
posterior margin of the collar by a small segment at the center of the dor-
sal surface, hepatic sacculations without serrated margins............c...........
............................................................................ Balanoglossus misakiensis

- Collar longer than proboscis, genital wing tip joined to posterior margin of
collar; hepatic sacculations with serrated margins... Balanoglossus carnosus

5  Genital ridges beginning at end of gill area, short and not prominent.........
............................................................................. Glossobalanus mortenseni

—  Genital ridges begin at the anterior end of the gill area, long and promi-

6  Proboscis length is less than twice of the collar; gill pores 130-160.........
................................................................. Glossobalanus polybranchioporus
—  Proboscis length is more than twice that of the collar; gill pores 30-60....
............................................................................ Glossobalanus weii sp. nov.
7  Proboscis 3x collar length; proboscis cavity separated completely by the

median dorsal-ventral septum............c..ccccooen... Glandiceps gingdaoensis
—  Proboscis 4-9x collar length; proboscis cavity not separated completely

by the dorsal-ventral septum........................ Saccoglossus hwangtauensis
Discussion

All the specimens of the new species were morphologically consistent with
the other recognized species of the genus Glossobalanus (Fig. 6). In addition
to differences in morphological indicators such as the total length, the bran-
chiogenital region and the collar length, the new species can be distinguished
by a black tip to the proboscis, a proboscis that is twice the length of the col-
lar, a broad posterior collar margin and string brown hepatic sacculations.
Glossobalanus polybranchioporus is the only other Glossobalanus species
also found in China. The total body length of the new species is 176-196 mm,
half the body length of G. polybranchioporus (352-613 mm; Tchang and Li-
ang 1965). Meanwhile, the number of branchial pores is around 40, much
less than G. polybranchioporus (130-160 mm). Our histological analysis also
observed that the morphological characteristics of new species is different
from other Glossobalanus species in a rather small proboscis cavity and >
180° proboscis skeleton bifurcation. The polygenic molecular genetic analy-
sis show that the new species is clustered together with G. polybranchioporus.
One surprise was that another species, G. marginatus, did not cluster in the
same clade. This may require a higher level of taxonomic determination, or it
may be for other reasons we do not yet know. More attention and research
work needs to be devoted to this in the future. Integrating external morphol-
ogy, histology, and molecular analysis, we present the specimens from Dan-
zhou city, Hainan Island, as a new species of Glossobalanus (Enteropneusta).
To better understand the living habits and distribution of G. weii sp. nov. in
the field, we also conducted field investigation in a wide range. Glossobalanus
weii sp. nov. usually inhabits benthic gravelly mud, rich in crustacean shells
(Fig. 4B), where it occurs over a limited area in discrete patches. This species
of acorn worms may require a certain sand quality in their habitat. For exam-
ple, under experimental conditions, the worms will not burrow in the fine sand
from which the shell residue is manually removed, which may greatly limit their
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pigment spots
rentra/
margin
{ gen.wing

Figure 6. External morphology of genus Glossobalanus species A G. marginatus in Meek (1922) B G. mortenseni in van
der Horst (1932) C G. crozieri in van der Horst (1924) D G. ruficollis in Willey (1899) E G. barnharti in Cameron and Ostiguy
(2013) F G. hartmanae in Cameron and Ostiguy (2013) G G. minutus in Cameron and Ostiguy (2013) H G. alatus in van
der Horst (1940) I G. berkeleyi. Photo from Swalla and van der Land (2024). Hemichordata World Database J G. polybran-
chioporus in Tchang and Liang (1965) K G. weii in this article.

ZooKeys 1202: 343-358 (2024), DOI: 10.3897/z00keys.1202.111852 354



Xianan Fu et al.: A new species of the genus Glossobalanus from China

movement and ability to avoid enemies. Construction of coastal features with
a large amount of fine sand will inevitably adversely affect the survival of this
species. On the other hand, according to the current investigation results, the
distribution range of G. weii sp. nov. is extremely narrow, and the known dis-
tribution of G. polybranchioporus is 2000 km from its related species (Fig. 1).
It is possible that further surveys will extend the range, or that the patchy dis-
tribution of these species indicates the demise of an ancient and declining
group (Cameron et al. 2010). However, it is unfortunate that the narrow dis-
tribution of two acorn worm species overlaps extensively with infrastructure
projects development in the coastal zone, which have encroached upon their
habitats in recent years. In the future, it is worth thinking about how we and
hemichordates will live together.

More than 130 species of hemichordate have been recorded worldwide, and
most live in intertidal mudflats or deep-sea environments (Tassia et al. 2016).
There is a serious lack of understanding of the distribution and habits of extant
hemichordates, mainly due to the lack of public attention, specialized system-
atic investigation as well as scientific research by researchers on this species
group. Most of the known species and even genera have been described only
once. In addition, many species may already be endangered or extinct before
being formally described. In China, hemichordates have received little attention
with only seven species of Enteropneusta being recorded (Liang 1984; An and
Li 2005), and their species richness may be greatly underestimated. With this
discovery, we aim to shed light on conservation efforts for Chinese hemichor-
date species. Either way, it is necessary for us to pay more attention to this im-
portant group of evolutionary nodes in the future, especially to carry out more
detailed studies on the classification and endangered status of them.
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