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Abstract. Taxonomic work on the land snail genus Sarika Godwin-Austen, 1907 in Cambodia is
scarce. A total of three species were recognized from Cambodia prior to this study. However, their
taxonomic descriptions were based mainly on shell morphology, with limited genital data. To address
this knowledge gap, we opportunistically surveyed for land snails in Cambodia. Our inventory yielded
four species of Sarika — one recognized species, Sarika bocourti (Morelet, 1875), from Battambang
Province and three new species, Sarika khmeriana Pholyotha & Panha sp. nov., Sarika lactoconcha
Pholyotha & Panha sp. nov. and Sarika nana Pholyotha & Panha sp. nov. from Kampot and Takeo
Provinces in southern Cambodia. Our discovery involves the first species of Sarika to be described from
Cambodia in more than a century highlights the extent to which the diversity of Cambodian land snails
remains to be discovered. The status of two species, Sarika benoiti (Crosse & Fischer, 1863) and Sarika
resplendens (Philippi, 1846), is at present ambiguous because no material identifiable as these species
was found in recent extensive surveys. Although S. bocourti was recently collected from Cambodia,
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its taxonomic position remained unclear due to a lack of living specimens. Detailed descriptions and
illustrations of living animals, shell morphology and reproductive anatomy are provided, and a map
showing their distributions is given.
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Introduction

The genus Sarika Godwin-Austen, 1907 is classified in the family Ariophantidae Godwin-Austen, 1888
(Schileyko 2002). It is recognized as a group of common ground-dwelling snails that are distributed
throughout mainland Southeast Asia (Blanford & Godwin-Austen 1908; Zilch 1959; Solem 1966;
Schileyko 2002). Traditionally, the genus Sarika is characterized by its relatively large, depressed
and yellowish or brownish polished shell (Godwin-Austen 1907; Pholyotha et al. 2020). However,
species level identifications based solely on shells have proven to be problematic owing to a lack of
distinguishing characters. Conversely, the genital apparatus with its straight (or un-coiled) epiphallic
caecum is considered to be a significant character that can separate Sarika from the sibling genus,
Macrochlamys Gray, 1847 (Godwin-Austen 1907; Blanford & Godwin-Austen 1908; Schileyko 2002,
2003; Sutcharit & Panha 2008; Pholyotha ef al. 2018, 2020). The similarities of shell traits in different
lineages suggest that taxonomic classification must also take into account examination of the genitalia,
which is usually accepted as more reliable than shell morphology (Solem 1966; Liew et al. 2009;
Hyman & Ponder 2010, 2016; Pholyotha et al. 2018, 2020).

Since the genus Sarika was established, at least 24 nominal species have been reported (see Table 1;
Hemmen & Hemmen 2001; Maassen 2001; Fischer & Dautzenberg 1904; Blanford & Godwin-Austen
1908; Inkhavilay et al. 2019; Pholyotha et al. 2018, 2020). The species recorded from Malaysia,
Myanmar and Thailand have been systematically revised (Laidlaw 1933; Solem 1966; Maneevong
2000; Sutcharit & Panha 2008; Pholyotha et al. 2020), whereas four species from Laos and two species
from Vietnam have only been listed without any genital information (Schileyko 2011; Inkhavilay
et al. 2019). In Cambodia, the genus Sarika was neglected, and the historical literature (Fischer 1891;
Fischer & Dautzenberg 1904) mentioned three species of Sarika possibly occurring in this country,
under the genus Nanina, “N.” resplendens (Philippi, 1841), “N.” benoiti (Crosse & Fischer, 1863) and
“N.” bocourti (Morelet, 1875). Unfortunately, all these species are only represented by shells, and such
limited samples have resulted in misidentifications, and without precise collection localities.

Recent field collections from karstic and non-karstic habitats in southern Cambodia have yielded a
number of ariophantid snails that could be classified into the genus Sarika. They are all clearly distinct
from all other known members of the species complex of Sarika-Macrochlamys from Myanmar,
Thailand, Laos and Vietnam. Therefore, we describe three new species of Sarika herein based on shell,
external morphology, radula, genitalia and spermatophore characters. Additionally, the diagnostic
characters of three previously recorded species in Cambodia, S. resplendens, S. benoiti and S. bocourti
are also provided. This information further supports the growing knowledge of the diverse terrestrial
snail fauna in Cambodia.

Material and methods

We collected snail samples from karstic and non-karstic habitats in southern Cambodia (Fig. 1).
Photographs of living snails were taken using a Nikon camera (DSLR D850) with a macro lens.
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Table 1. Taxa attributed to Macrochlamys and Sarika from mainland Southeast Asia, as classified by their
maximum shell width and maximum whorl numbers. Data are taken from the original descriptions and
additional references. Taxa in bold are confirmed in generic placement by genital characters. ! Godwin-
Austen (1907) and Blanford & Godwin-Austen (1908); 2Laidlaw (1933); 3 Solem (1966); *Maneevong
(2000); ° Sutcharit & Panha (2008): ¢ Pholyotha et al. (2018); "Pholyotha et al. (2020); 8 This study.

Maximum number of whorls (x)

<5 5<x<6 6<x<7 >7
Small size M. kumahensis M. bartoni M. euspira M. ramburianus
(shell width < 10 mm) M. patens M. brachystia’ M. jousoufi

M. pauxillula M. brunnea
M. perpaula M. callojuncta
M. cauisa
M. curvilabris
M. hatchongi
M. noxia
M. petasus’
M. poongee
M. rejectella
M. salwinensis
M. spreta
M. subpetasus

Medium size - M. aurantia® M. aspides’ M. notha
(10 mm < shell width < M. chaos M. caverna® S. concavata’
20 mm) M. coleus® M. excepta S. consepta’
M. declivis M. lemma® S. dugasti*
M. hypoleuca M. nebulosa S. subcornea
M. malaccana M. stenogyra
M. psyche M. stephoides
M. tanymentula® S. asamurai’
M. zero S. benoiti
S. nana sp. nov.? S. diadema’®
S. planata*
Large size - M. douvillei M. kelantanensis®’ M. despecta
(shell width > 20 mm) M. glyptorhaphe S. birmana S. bocourti
M. tenuigranosa S. dohrniana S. hainesi®

S. khmeriana sp. nov.? S. heptagyra
8. lactoconcha sp. nov.® S. kawtaoensis

S. limbata S. ochtogyra
S. lopa’ S. pumicata'
S. obesior’
S. resplendens'
S. rex

Samples were euthanized by a two-step method following the AVMA Guidelines for the Euthanasia of
Animals (American Veterinary Medical Association 2020) and fixed in 70% (v/v) ethanol for anatomical
examination. Species identification followed original descriptions and comparison with the relevant
type specimens. Each species (3—10 specimens) was dissected and examined under an Olympus SZX2-
TR30 stereoscopic light microscope and then imaged by Nikon camera. Inner sculpture of genitalia was
imaged by a stereo microscope with Cell’D Imaging Software. Shells were imaged by digital camera.
Shell whorls were counted and measured using a vernier caliper. Radulae were extracted, soaked in 10%
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(w/v) sodium hydroxide, cleaned with distilled water under stereoscopic light microscope, and then
imaged by scanning electron microscopy (SEM; JEOL, JISM-6610 LV).

Institutional abbreviations

CUMZ = Chulalongkorn University Museum of Zoology, Bangkok, Thailand
NHM = Natural History Museum London, United Kingdom
ZRC = Zoological Reference Collection of the Lee Kong Chian Natural History Museum,

National University of Singapore, Singapore

Abbreviations for morphological terms

In the species descriptions, the term ‘proximal’ refers to the region closest to the genital opening, whereas
‘distal’ refers to the region furthest away from the genital opening. The following abbreviations are used
in the descriptions of anatomy as described in Pholyotha et al. (2018, 2020).

at = atrium

da = dart apparatus

e = epiphallus

ec = epiphallic caccum
fl = flagellum

fo = free oviduct

gd = gametolytic duct
gs = gametolytic sac
hf = head filament

p = penis

pc = penial caeccum

pp = penial pilaster
prm = penial retractor muscle
pv = penial verge

sS = sperm sac

tf = tail filament

\% = vagina

vd = wvas deferens

i 7
) = S. bocourti
<O S. lactoconcha sp. nov.
O S. khmeriana sp. nov.
O S. nana sp. nov.
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Fig. 1. Geographic distribution of Sarika spp. in Cambodia based on new specimens examined herein.
(modified from GinkgoMaps-project http://www.ginkgomaps.com).
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Taxon names

The descriptions and new taxon names described herein are the responsibility of A. Pholyotha and
S. Panha, and the authorship of the new taxa names should be cited as:

Sarika lactoconcha Pholyotha & Panha sp. nov. in Pholyotha et al. 2020.
Sarika khmeriana Pholyotha & Panha sp. nov. in Pholyotha et al. 2020.
Sarika nana Pholyotha & Panha sp. nov. in Pholyotha et al. 2020.

Results

Taxonomy

Family Ariophantidae Godwin-Austen, 1888
Subfamily Macrochlamydinae Godwin-Austen, 1888

Genus Sarika Godwin-Austen, 1907

Sarika Godwin-Austen, 1907: 179. — Blanford & Godwin-Austen 1908: 276. — Zilch 1959: 325. —
Schileyko 2002: 1288. — Pholyotha et al. 2020.

Type species
Helix resplendens Philippi, 1846, by original designation.

Sarika resplendens (Philippi, 1846)
Table 1; Fig. 2A

Helix resplendens Philippi, 1846: 192. Type locality: Prope Mergui Indiae Orientalis (Mergui Islands,
Myeik District, Tanintharyi Region, Myanmar).

Helix resplendens — Pfeiffer 1848: 56; 1849: 227-228, pl. 110, figs 7-9; 1868: 100. — Hanley &
Theobald 1872: 24, pl. 51, fig. 4.

Macrochlamys resplendens — Godwin-Austen 1883: 109-110, pl. 26, figs 1-3. — Godwin-Austen 1898:
49-50. — Collinge 1903: 209. — Panha 1996: 34; 1997: 52, fig. 14.

Nanina (Macrochlamys) resplendens — Tryon 1886: 91, pl. 30, figs 73—76. — Fischer & Dautzenberg
1904: 395.

Ariophanta (Macrochlamys) resplendens — Fischer 1891: 21.

Sarika resplendens — Godwin-Austen 1907: 179-181, pl. 111, figs 3, 3a, pl. 116, figs 2, 2a-—2b. —
Blanford & Godwin-Austen 1908: 277-278, fig. 84. — Fischer 1973: 92. — Maassen 2001: 113.
— Hemmen & Hemmen 2001: 45. — Sutcharit & Panha 2008: 96. — Schileyko 2011: 34. —
Inkhavilay ef al. 2019: 82, figs 39a, 57a. — Pholyotha et al. 2020.

Sarica [sic] resplendens — Fischer 1973: 92.

Diagnosis

Shell depressed, large (shell width 22.1 mm, shell height 10.5 mm), rather thin, semi-translucent and pale
yellowish brown. Shell surface smooth and glossy; more glossy below the periphery; suture impressed;
spire slightly elevated. Entire shell consisting of 6% regularly increasing whorls. Periphery of body
whorl rounded. Aperture obliquely oval-lunate shaped; peristome simple. Columellar margin simple and
slightly reflected near umbilicus. Umbilicus narrowly opened and deep.
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Material examined
CAMBODIA ¢ 1 shell; H. Adam ex. Godwin-Austen collection; NHMUK 1903.7.1.112.

Remarks

Sarika resplendens is a widely distributed species and has been recorded throughout mainland Southeast
Asia (Collinge 1903; Fischer 1973; Schileyko 2011; Inkhavilay et al. 2019). This species is found
commonly in Thailand (Pholyotha personal observation) and Laos (Inkhavilay et al. 2019). Godwin-
Austen (1883: 110, pl. 26, fig. 2) first reported this species from Cambodia without a precise location.
The description of this shell morphology agrees well with the typical S. resplendens from Myanmar (see
Pholyotha et al. 2020 for comparison), and we provide a brief description herein based on this specimen.
Later, Fischer & Dautzenberg (1904: 395) mentioned the specimen identified as S. resplendens from
“Kébal-Roméas, Cambodge (Pavie)”, without illustration. We have visited this limestone outcrop,
Phnom Kbal Romeas, and found one Sarika species that clearly differs from S. resplendens s.s. and is
described herein as a new species (for further comparison with this species see under S. lactoconcha
Pholyotha & Panha sp. nov.).

Fig. 2. Shells of Sarika spp. A. Sarika resplendens (Philippi, 1846) (NHMUK 1903.7.1.112).
B. S. bocourti (Morelet, 1875) (CUMZ 7900). C. S. lactoconcha Pholyotha & Panha sp. nov., holotype
(CUMZ 7901). D. S. lactoconcha Pholyotha & Panha sp. nov., paratype (CUMZ 7902).
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Sarika benoiti (Crosse & Fischer, 1863)
Table 1

Zonites benoiti Crosse & Fischer, 1863: 346, pl. 14, fig. 4. Type locality: in loco Fuyen-Moth dicto,
Cochinchine (Phu Yen Province, Vietnam).

Helix benoiti — Pfeiffer 1868: 99. — Morelet 1875: 248.

Nanina (Macrochlamys) benoiti — Tryon 1886: 90, pl. 30, figs 57-58. — Fischer & Dautzenberg 1904:
394.

Ariophanta (Macrochlamys ?) benoiti — Fischer 1891: 20.

Macrochlamys benoiti — Ancey 1898: 128, pl. 9, fig. b. — Saurin 1953: 113. — Fischer 1973: 92. —
Schileyko 2011: 30-31.

Sarika benoiti — Inkhavilay et al. 2019: 81, fig. 38c.

Diagnosis

Shell sub-depressed, medium-sized (shell width 16.0 mm, shell height 9.0 mm), rather thin, semi-
translucent and brownish. Shell surface smooth and glossy; more glossy below the periphery; suture
impressed; spire slightly elevated; apex rather obtuse. Entire shell consisting of 6 whorls and increasing
regularly. Last whorl rounded on the periphery. Aperture obliquely oval-lunate shaped; peristome simple.
Umbilicus narrowly opened and deep.

Remarks

Sarika benoiti can be found in Thailand, Laos, Vietnam and Cambodia (Ancey 1898; Fischer &
Dautzenberg 1904; Saurin 1953; Fischer 1973; Schileyko 2011; Inkhavilay et al. 2019). In Cambodia, it
had been listed among the land snail fauna by Fischer (1891, 1973) and Fischer & Dautzenberg (1904),
but with no description or illustration. No examples of this species were found in our survey but, in
keeping with earlier records, we provisionally retain this species in the Cambodian land snail fauna.

Sarika bocourti (Morelet, 1875)
Table 1; Fig. 2B

Helix bocourti Morelet, 1875: 249. Type locality: Lespéce provient de Battambang, dans le Cambodje
(Battambang Province, Cambodia). Breure et al. 2018: 222-223, figs 135-136.

Nanina (Macrochlamys) aff. boucourti [sic] — Tryon 1886: 89, pl. 29, figs 43—45.
Ariophanta (Xesta) bocourti — Fischer 1891: 20.
Nanina (Xesta) bocourti — Fischer & Dautzenberg 1904: 394.

Diagnosis

Shell depressed, large (shell width up to 31.0 mm, shell height up to 14.0 mm), slightly thin, semi-
translucent and pale warm brown. Shell surface smooth and glossy; more glossy below the periphery;
suture impressed; spire moderately elevated. Entire shell consisting of 6—7 whorls and increasing
regularly. Periphery of body whorl obtusely angulated. Aperture obliquely oval-lunate shaped; peristome
simple. Columellar margin simple and slightly reflected near umbilicus. Umbilicus narrowly opened and
deep.
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Material examined

Syntypes
CAMBODIA ¢ 2 shells; Battambang Province; NHMUK 1893.2.4.1076-1077.

Other material

CAMBODIA- 13 shells; Battambang Province, Banan District, Phnom Sampov, Samov Mountain,
locality code C072; 13°01'33.60” N, 103°06'03.64" E; CUMZ 7900.

Remarks

The distribution of S. bocourti is currently known only from the type locality in Battambang, Cambodia
(Fig. 1). In this survey, no living specimens have been collected from the type locality.

Sarika bocourti differs from S. resplendens (specimen NHMUK 1903.7.1.112 from Cambodia) with the
last whorl obtusely angulated on the periphery, while the shell in S. resplendens has a rounded periphery.

Sarika lactoconcha Pholyotha & Panha sp. nov.
urn:Isid:zoobank.org:act:0E48F6FB-6775-4470-BF85-345C3D43112A
Table 1; Figs 2C-D, 3

Diagnosis
Sarika lactoconcha sp. nov. is characterized by a large, depressed and whitish shell, rounded on the

periphery. Animal with dark grey body and five mantle lobes. Genitalia with rather long epiphallic
caecum and triangular prism-shaped penial pilasters on inner penial sculpture.

Etymology

The specific epithet ‘lactoconcha’ is derived from the Latin word ‘/actis’ meaning ‘milk, milky’ and the
Latin word ‘concha’ meaning ’snail’ or ’shell’. It refers to the milky colour of the shell.

Material examined

Holotype
CAMBODIA ¢ 1 shell (width 23.6 mm, height 12.1 mm); Kampot Province, Tuek Chhou District,
limestone outcrops at Phnom Chhngok Cave Temple, locality code C046; 10°38'33.8" N, 104°16'08.3" E;
CUMZ 7901.

Paratypes
CAMBODIA - 1 shell, 3 alcohol-preserved specimens; same collection data as for holotype; CUMZ 7902
* 1 shell; same collection data as for preceding; NHM e 1 shell; same collection data as for preceding;
ZRC.

Other material

CAMBODIA - 2 shells; Kampot Province, Tuek Chhou District, limestone outcrops at Phnom Kbal
Romeas, locality code C045; 10°36'59.6" N, 104°14'37.8" E; CUMZ 7903.

Description

SueLL (Fig. 2C-D). Depressed, large (shell width up to 23.7 mm, shell height up to 12.1 mm), rather
thin, semitransparent. Shell surface generally smooth, glossy; more glossy below periphery; shell colour
monochrome pale milky or whitish colour. 6-6%: whorls, increasing regularly, slightly convex, separated
by rather shallow and wide suture. Spire slightly elevated; last whorl broadly rounded. Aperture oval-
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Fig. 3. Sarika lactoconcha Pholyotha & Panha sp. nov., paratype (CUMZ 7902). A. Living snail.
B. General view of genital system. C. Internal structure of penis. D. Representative SEM image of the
radula. Central tooth indicated by ‘C’; yellow arrow heads indicate lateral teeth with the transition to
marginal teeth; white arrow heads indicate the end of penis.
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lunate shaped, open obliquely. Peristome simple, very slightly thickened, not expanded. Parietal callus
thin, transparent; columellar margin simple, slightly reflected near umbilicus. Umbilicus narrow, deep.

ExTERNAL FEATURES (Fig. 3A). Living animals have dark grey body; dorsally with darker colour than
below, foot sole. Caudal foss present; caudal horn raised, rather large. Mantle and lung scattered with
dark pigment or spots or blotches. Mantle edge well-developed, dark grey to paler in colour, with three
dorsal lobes, two shell lobes (see Pholyotha et al. 2018: fig. 1). Dorsal lobes large, broad; right dorsal
lobe larger than both anterior and posterior left dorsal lobes. Shell lobes large, long; right shell lobe
larger, longer than left shell lobe.

GeniTALIA (Fig. 3B—C). Atrium (at) enlarged, very short. Penis (p) cylindrical, with thin penial sheath
covering proximal penis. Inner sculpture of penis very finely folded to nearly smooth surface close to
atrium then gradually transforming to triangular prism (rhombic base, acute angle on top) penial pilaster
(pp) near epiphallus. Epiphallus (e) cylindrical, elongate, about two times penis length. Epiphallic
caecum (ec) similar diameter as epiphallus, straight, located near middle of epiphallus. Penial retractor
muscle (prm) thin, attached at tip of epiphallic caecum. Flagellum (fl) slender, rather long, nearly 1.5
times epiphallus length. Vas deferens (vd) thin tube. Vagina (v) cylindrical, about half of penis length.
Dart apparatus (da) cylindrical, rather large and long, joined to atrium at vagina and penis junction.
Gametolytic sac (gs) elongate bulbous; gametolytic duct (gd) enlarged cylindrical. Free oviduct (fo)
enlarged cylindrical, approximately two times vagina length, proximally encircled with brownish tissue.
Oviduct large lobules; prostate gland running alongside oviduct.

Rapura (Fig. 3D). Teeth arranged in wide-angle U-shape with half row formula: 1-(15-16)-65 teeth.
Central tooth symmetrical tricuspid with pointed cusps; mesocone large lanceolate, dull cusp; ectocones
very small. Lateral teeth asymmetrical tricuspid; mesocone large with pointed cusp; endocone very
small, located near tip; ectocone larger than endocone, located in middle of tooth. Marginal teeth
starting around tooth numbers 15-16, obliquely bicuspid; endocone large, pointed cusp; ectocone small.
Outermost teeth gradually reduced in size from elongate, narrow teeth to very short teeth.

Distribution

This new species is currently known from Phnom Chhngok Cave (the type locality), an undisturbed
small karst outcrop, which is about 1 km long and surrounded by rice fields. Another locality is Phnom
Kbal Romeas, a small limestone outcrop. This outcrop (Fig. 1) is situated about 4 km southwest of the
type locality, surrounded by housing areas and an inactive old quarry, and now has become a tourist
attraction.

Remarks

Sarika lactoconcha sp. nov. differs from S. benoiti, S. bocourti and S. resplendens with whitish shell,
while the three latter species have brownish shells. Moreover, S. lactoconcha sp. nov. has a rounded last
whorl, while S. bocourti has an obtusely angulated last whorl. Unfortunately, no genital information
of S. resplendens from Cambodia is available for further comparison. However, the genitalia of
S. resplendens from Myanmar possess a large penial retractor muscle with about the same diameter as
the epiphallic caecum, and short flagellum compared with penis (see Godwin-Austen 1907: 179-181,
pl. 111, figs 3, 3a for comparison), while this new species has a small and thin penial retractor muscle
and long flagellum.

Compared to species of Sarika-Macrochlamys having a whitish shell, S. lactoconcha sp. nov. has a
wider last whorl (loosely coiled), apertural lip simple and genitalia without penial verge. Meanwhile,
S. consepta (Benson, 1860) from Myanmar has a narrow last whorl (densely coiled), apertural lip slightly
expanded and rather thickened inside, and genitalia with large penial verge (see Pholyotha et al. 2020

10
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for comparison). Another species, Macrochlamys psyche Vermeulen et al., 2019 was recently described
from southern Vietnam. This Macrochlamys species has a flattened to slightly concaved spire, whereas
S. lactoconcha sp. nov. has an elevated spire. Unfortunately, the genital anatomy of M. psyche is not
available for comparison, therefore, its generic placement is still provisional.

Sarika khmeriana Pholyotha & Panha sp. nov.
urn:lsid:zoobank.org:act: 13BEB7E(0-40BD-480C-ABA7-72798C9E6AF2
Table 1; Figs 4A-B, 5, 6A-F

Diagnosis

Sarika khmeriana sp. nov. can be characterized by a large, depressed shell, rounded on the periphery.
Shell colour dark brownish and usually with pale brownish (to whitish) umbilical area. Animal has dark
grey body and left shell lobe is absent. Genitalia have rather long epiphallic caecum and inner wall of
penis sculptured with triangular prism penial pilasters. Spermatophore head filament with irregularly
serrated longitudinal folds; tail filament bearing two spines near sperm sac and branching spines along
the entire tail filament length.

Etymology

The specific epithet ‘khmeriana’ refers to the Khmer Empire, of which Cambodia is the residual state.

Material examined

Holotype
CAMBODIA ¢ 1 shell (width 24.2 mm, height 12.3 mm); Kampot Province, Dang Tong District, limestone
outcrops near Totong Temple, locality code C041; 10°41'59.8" N, 104°31'30.1” E; CUMZ 7904.

Paratypes
CAMBODIA ¢ 6 shells, 11 alcohol-preserved specimens; same collection data as for holotype;
CUMZ 7905 - 2 shells; same collection data as for preceding; NHMUK ¢ 2 shells; same collection data
as for preceding; ZRC.

Other material

CAMBODIA - 24 shells, 17 alcohol-preserved specimens; Kampot Province, Banteay Meas District,
limestone outcrops at Prasat Phnom Totong Temple, locality code C042; 10°41'47.9" N, 104°31"25.5" E;
CUMZ 7906.

Description

SueLL (Fig. 4A—B). Depressed, large (shell width up to 24.2 mm, shell height up to 12.3 mm), rather
thin, semi-translucent. Shell colour dark brownish on upper surface and at periphery; below periphery
surrounding umbilicus pale to very pale brownish. Shell surface smooth, glossy; more glossy below
periphery; suture rather shallow with narrow, whitish subsutural band. Spire slightly elevated; whorls
66", increasing regularly; last whorl broadly rounded on periphery. Aperture obliquely crescent-
shaped; peristome simple. Columellar margin simple, slightly reflected near umbilicus. Umbilicus
somewhat narrow and deep.

ExTERNAL FEATURES (Fig. 5A). Living animals have monochrome dark grey body with pale grey foot
sole. Caudal foss present; caudal horn elevated and large. Mantle edge well developed with three dorsal
lobes and one shell lobe (see Pholyotha et al. 2018: fig. 1). Shape and size of dorsal lobes and right shell
lobe (left shell lobe absent) similar to previous species.
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GenitaLiA (Fig. 5B—C). Atrium (at) enlarged, very short. Penis (p) cylindrical, with thin penial sheath
covering proximal penis. Inner sculpture of penis very finely folded to nearly smooth then gradually
transformed to triangular prism (rthombic base and acute angle on top) penial pilasters (pp) near
epiphallus. Epiphallus (e) cylindrical, elongate, about two times penis length. Epiphallic caecum (ec)

Fig. 4. Shells of Sarika spp. A. Sarika khmeriana Pholyotha & Panha sp. nov., holotype (CUMZ 7904).
B. Sarika khmeriana Pholyotha & Panha sp. nov., paratype (CUMZ 7905). C. S. nana Pholyotha &
Panha sp. nov., holotype (CUMZ 7907). D. S. nana Pholyotha & Panha sp. nov., paratype (CUMZ 7908).
E. Macrochlamys excepta (Mabille, 1887), syntype (MNHN-IM-2000-27886). F. M. zero (Mabille,
1887), syntype (MNHN-IM-2000-27782).
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large, similar diameter as penis, straight and located near middle of epiphallus. Penial retractor muscle
(prm) thin, attached at tip of epiphallic caeccum. Flagellum (fl) slender, somewhat long, about 1.5 times
epiphallus length. Vas deferens (vd) a thin tube. Vagina (v) cylindrical, similar length as penis. Dart
apparatus (da) cylindrical, rather large, long, attached to atrium at penis and vagina junction. Gametolytic
sac (gs) enlarged, bulbous (spermatophore inside); gametolytic duct (gd) long, cylindrical. Free oviduct

Fig. 5. Sarika khmeriana Pholyotha & Panha sp. nov., paratype (CUMZ 7905). A. Living snail.
B. Beneral view of genital system. C. Internal structure of penis. D. Representative SEM image of the
radula. Central tooth indicated by ‘C’; yellow arrow heads indicate lateral teeth with the transition to
marginal teeth; white arrow heads indicate the end of penis.

13



European Journal of Taxonomy 674: 1-21 (2020)

(fo) cylindrical, longer than vagina, proximal end encircled with thickened tissue. Oviduct large lobules;
prostate gland running alongside oviduct.

Fig. 6. SEM images of spermatophores. A—F. Sarika khmeriana Pholyotha & Panha sp. nov., paratype
(CUMZ 7905). A. General view of spermatophore. B. Head filament. C—F. Detail of tail filament.
G-J. S. nana Pholyotha & Panha sp. nov., paratype (CUMZ 7908). G. General view of spermatophore.
H. Head filament. I-J. Detail of tail filament.

14



PHOLYOTHA A. et al., New species of land snail genus Sarika from Cambodia

SpERMATOPHORE (Fig. 6A—F). Sperm sac (ss) enlarged, elongate-oval. Head filament (hf) enlarged (most
was missing) with irregularly serrated longitudinal folds. Tail filament (tf) very long tube, region close
to sperm sac bearing two spines. Spine I simple, short; spine II with complicated branching into small,
numerous spinules. Spines on tail filament starting just after spine 11, with complicated branching into
spinules, arranged alternate (Fig. 7D) or opposite (Fig. 7F).

Rapura (Fig. 5D). Teeth arranged in wide-angle U-shape with half row formula: 1-(13—-14)-55 teeth.
Central tooth symmetrical tricuspid with triangular-shaped mesocone; ectocones very small. Lateral teeth
asymmetrical tricuspid; mesocone large, pointed cusp; endocone small, located near the tip; ectocone
larger than endocone, pointed cusp, located in middle of tooth. Marginal teeth occurring around tooth
numbers 13—14, obliquely bicuspid; endocone elongate, pointed cusp; ectocone small, pointed cusp.
Outermost teeth gradually reduced in size as cusps to small teeth.

Distribution

This new species is known from two locations very close to each other, on limestone outcrops. Totong
Mountain (type locality) is a small karst with an old quarry, surrounded by housing areas and is adjacent
to paddy fields (Fig. 1). The second locality, Prasat Phnom Totong, about 500 m south of the type
locality, is a very large and active mining site of a cement factory.

Remarks

Sarika khmeriana sp. nov. is quite similar in terms of shell shape with S. lactoconcha sp. nov., but
this species is distinct in possessing dark brown shell on upper surface and pale brownish (to whitish)
surrounding umbilicus, and left shell lobe absent (four mantle lobes); whereas S. lactoconcha sp. nov.
has a monochrome pale milky shell, and well-developed left shell lobe (five mantle lobes).

This new species differs from S. resplendens in having a thin penial retractor muscle and the entire
tail filament of spermatophore has branching spines, whereas the genitalia of S. resplendens (see
Godwin-Austen 1907: fig. 3) have a large and thickened penial retractor muscle, and the tail filament of
spermatophore is without a branching spine. Compared with other species of Sarika from Cambodia,
S. khmeriana sp. nov. is rounded on the periphery while S. bocourti is obtusely angulated on the
periphery, and this new species has a larger shell diameter than S. benoiti. Sarika khmeriana sp. nov.
also differs from M. despecta (Mabille, 1887) from northern Vietnam in having an elevated spire and
narrower umbilical opening.

Sarika nana Pholyotha & Panha sp. nov.
urn:lsid:zoobank.org:act:48DF9AB1-369C-4930-A006-9ES7TAE9DBACB
Table 1; Figs 4C-D, 6G-J, 7

Diagnosis

Sarika nana sp. nov. can be characterized by medium shell size, globosely depressed, pale yellowish-
brown shell, and well-rounded periphery. Animal has dark grey body and five mantle lobes. Genitalia
have a rather long epiphallic caecum, short penial caecum, rather large penial verge and oval-shaped
penial pilasters. Spermatophore has smooth head filament and tail filament near sperm sac bearing two
spines, and terminal one-third of tail filament contains a series of short branching spines.

Etymology

The specific epithet ‘nana’ is from the Latin word ‘nanus’ meaning “dwarf” and refers to the small-sized
species in this genus.
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Fig. 7. Sarika nana Pholyotha & Panha sp. nov., paratype (CUMZ 7908). A. Living snail. B. General
view of genital system. C. Internal structure of penis. D. Representative SEM image of the radula.
Central tooth indicated by ‘C’; yellow arrow heads indicate lateral teeth with the transition to marginal
teeth; white arrow heads indicate the end of penis.
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Material examined

Holotype
CAMBODIA - 1 shell (width 12.6 mm, height 6.8 mm); Takeo Province, Kiri Vong District, the
conglomerate hills at Phnom Bayang Temple, locality code C036; 10°3828.2" N, 104°50'35.8" E;
CUMZ 7907.

Paratypes
CAMBODIA - 24 alcohol-preserved specimens; same collection data as for holotype; CUMZ 7908 « 2
shells; same collection data as for preceding; NHMUK ¢ 2 shells; same collection data as for preceding;
ZRC.

Description

SuiLL (Fig. 4C-D). Globosely depressed, medium-sized (shell width up to 12.3 mm, shell height up to
6.8 mm), thin, rather translucent. Shell surface smooth, shiny; more shiny below periphery; shell colour
pale yellowish brown. Entire shell consisting of 5%2—6 whorls increasing regularly, separated by shallow
suture. Spire slightly elevated; last whorl broad, well-rounded. Aperture obliquely oval-lunate shaped.
Peristome simple. Columellar margin simple, slightly expanded near umbilicus. Umbilicus opened,
wide, deep.

ExTERNAL FEATURES (Fig. 7A). Living animals having monochrome pale grey body, foot sole. Caudal
foss, large caudal horn present. Mantle edge well developed, dark colour, with three dorsal lobes and
two shell lobes (see Pholyotha et al. 2018: fig. 1). Dorsal lobes and shell lobes similar to those of
S. lactoconcha sp. nov.

GenTALIA (Fig. 7B—C). Atrium (at) very short. Penis (p) short, cylindrical with thin penial sheath
covering proximal penis. Distal penis slightly enlarged with penial caecum (pc), corresponding to
penial verge. Inner sculpture of penis proximally with smooth surface then transformed to thickened,
corrugated transverse-folded penial pilasters (pp) surrounding penial verge near distal end. Penial verge
(pv) large with blunt tip. Epiphallus (e) cylindrical, about twice penis length. Epiphallic caecum (ec)
similar diameter as epiphallus, straight, located near proximal epiphallus. Penial retractor muscle (prm)
thin, attached at tip of epiphallus. Flagellum (fl) slender, short, about half the length of epiphallus. Vas
deferens (vd) thin tube. Vagina (v) cylindrical, little longer than penis. Dart apparatus (da) cylindrical,
rather large and long, connected to atrium at vagina and penis junction. Gametolytic sac (gs) enlarged,
bulbous (spermatophore inside); gametolytic duct (gd) cylindrical, long. Free oviduct (fo) cylindrical,
same length as vagina, proximal end encircled with thickened, brownish tissue. Oviduct enlarged
lobules; prostate gland running alongside oviduct.

SpermaTOPHORE (Fig. 6G—J). Sperm sac (ss) enlarged, elongate-oval. Head filament (hf) located subapical
of sperm sac, with long, smooth surface. Tail filament (tf) about two times longer than sperm sac, region
close to sperm sac bearing two spines. Spine I simple, curved, with dull tip. Spine II large, branching
into spinules (antler like). Region furthest away smooth, without spine; terminal part (about one-fourth
of its length) consisting of short to long branching spines arranged in row or encircling tip.

Rapura (Fig. 7D). Teeth arranged in wide-angle U-shape with half row formula: 1-(10-11)-46 teeth.
Central tooth symmetrical tricuspid; mesocone large, lanceolate shape; ectocones small with triangular
shape. Lateral teeth asymmetrical tricuspid with large, pointed cusp mesocone; endocone small, pointed
cusp, located near tip; ectocone rather large, triangular-shaped, located in middle of tooth. Marginal teeth
starting around tooth numbers 10—11, obliquely bicuspid; endocone elongate, pointed cusp; ectocone
small, pointed cusp. Outermost teeth gradually smaller in size from lateral teeth to edge.
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Distribution

This new species is known only from the conglomerate mountain Phnom Bayang (type locality; Fig. 1).
The habitat at the collection site is an evergreen forest mixed with fruit orchards and with outcroppings
of large granite boulders. This location is surrounded by villages and is adjacent to paddy fields.

Remarks

Sarika nana sp. nov., a medium-sized species, can be distinguished from all species of Sarika recorded
from mainland Indochina by having a penial verge. Compared to medium-sized species of Macrochlamys,
body whorl of S. nana sp. nov. is relatively broader and more well-rounded on the periphery, umbilicus
is relatively wider and aperture opening is less convex than M. excepta (Mabille, 1887) (Fig. 4E) and
M. zero (Mabille, 1887) (Fig. 4F). The type locality of the new species is about 1000 km from the two
species described from Northern Vietnam. The Thai species M. brunnea Mollendorff, 1902 has much
narrower umbilical opening than this new species (see Pholyotha et al. 2018: fig. 8a). Unfortunately, the
anatomical data of M. brunnea, M. excepta and M. zero is unavailable for further comparison.

Discussion

Cambodian terrestrial gastropods are poorly known with most literature dating from the late 18" to the
early 20™ century. New land snail species, mostly Ariophantidae but excluding Sarika, have recently
been published from Vietnam and Cambodia (Vermeulen et al. 2007, 2019). The three species of
Sarika recorded from Cambodia have remained unchanged for more than a century (Crosse & Fischer
1863; Fischer 1891; Fischer & Dautzenberg 1904). The three new species discovered in this study,
S. lactoconcha sp. nov., S. khmeriana sp. nov. and S. nana sp. nov. are the first land snails in the genus
Sarika to be described from Cambodia in almost 145 years.

Interestingly, all new species had a high degree of endemism and were found in association with karst
formations and mountainous areas on the west flank of the Mekong River delta in Cambodia. The vast
alluvial plain of the Mekong delta area from Cambodia to Vietnam has a group of several scattered
limestone outcrops and hosts an exclusive concentration of endemic taxa including snails (Vermeulen
et al. 2019), insects (Bayarsaikhan et al. 2019) and geckos (Nguyen et al. 2018). Indeed, the Mekong
delta limestone hills are recognized as possessing habitat island faunas with relatively few species but
high rates of endemism. Study of the Cambodian land snail fauna is in its infancy (Vermeulen et al.
2007, 2019).

Land snails of the genus Macrochlamys sensu stricto were not found in Cambodia during our field
collections. The distribution ranges and records of the genus in Cambodia are still questionable, in
contrast to Thailand and Myanmar, where many species of Macrochlamys were recently reported
(Pholyotha et al. 2018, 2020). Although the reproductive anatomy of M. psyche has not yet been
examined, it was recently described from southern Vietnam (Vermeulen et al. 2019). So far, most of the
species of Sarika-Macrochlamys in Indochina, especially Cambodia, Laos and Vietnam have only been
described based on shell characters, and the investigation of genitalia is still sorely needed. In addition
to the need for anatomical descriptions, the systematics of the group of Macrochlamys/ Sarika can only
be resolved by a species diverse molecular phylogeny.
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