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Abstract
Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov., is described, based on specimens deposited 
in the land snail collection of Mahasarakham University, Thailand. This species is the second described 
in the genus Muangnua, for which colour pictures of the living semislug in natural habitats, scanning 
electron microscope photos of the radula, and anatomy of the mature specimens were studied and pre-
sented for the first time for this genus. Keys to genera of Southeast Asian slug-like semislugs and species 
of Muangnua are provided.
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Introduction

Muangnua Solem, 1966 is a genus of helicarionid semislug with its shell reduced to a 
partially calcified cap having only a single remnant of coiling and that is completely 
covered by fused shell laps. The mantle lobes form a large cephalic shield reaching 
nearly to its eyes. Based on the external morphology, Muangnua looks similar to the 
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genus Parmarion Fischer 1856. Muangnua limax Solem, 1966 is the sole species in the 
genus, which was collected by B. Degerbol on 8 November 1958 from Doi Suthep in 
Chiang Mai Province, northern Thailand, at 1100 m above mean sea level. Since its 
discovery, no additional information on the species has been published (Panha 1996; 
Vorajuk 2000; Hemmen and Hemmen 2001; Nabhitabhata 2009).

During the project ‘Landsnails of Na Haeo Area’, specimens and photographs of 
our previous expedition in Loei Province in 2011 were re-examined, and a second 
species of the genus Muangnua was discovered from the land snail assemblage of Phu 
Suan Sai sandstone mountain (Fig. 1), which is approximately 250 km southeast from 
Doi Suthep (the type locality of M. limax). This suggests that the genus has evolved at 
a high altitude and might be distributed over a wide area, and further new species in 
the genus from other high altitudes might be discovered in the future.

Material and methods

Living specimens were collected on 24–25 October 2011 from trunks, twigs, and 
leaves, etc. of monocotyledon and dicotyledon plants in an evergreen forest on sand-
stone hills at Phu Suan Sai, Na Haeo District, Loei Province, northeastern Thailand 
(Fig. 1). Snails were photographically documented in the natural sandstone habitat 
(Figs 2, 3), collected, drowned in water, and preserved in 70% ethanol to study their 
genital system and radula morphology. Adult shells were counted for whorl number 
and measured for shell height (SH) and shell width (SW), using digital vernier calipers. 
Adult snails were dissected to examine their genital system under a stereo microscope 
for description. Radula were extracted from the buccal mass and examined under a 
scanning electron microscope at the Centre for Scientific and Technological Equip-
ment, Suranaree University of Technology, Thailand. The examined specimens were 
deposited in the land snail collection of the Natural History Museum, Mahasarakham 
University, Thailand (NHMSU).

Results

Order Stylommatophora A. Schmidt, 1855
Superfamily Helicarionoidea Bourguignat, 1877
Family Helicarionidae Bourguignat, 1877
Subfamily Durgellinae Godwin-Austen, 1888
Tribe Durgellini Godwin-Austen, 1888

Genus Muangnua Solem, 1966

Type species. Muangnua limax Solem, 1966.
Diagnosis (based on type material studied by Solem (1966)). Shell reduced, having 

only one remnant of coiling, which in living semislug is completely covered by fused shell 
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laps. Mantle lobes form large cephalic shield reaching base of tentacles. Tail long and slen-
der, with hooked caudal horn. Posterior visceral hump rounded, resting in V-shaped body 
groove. Jaw thin, without median projection or sculpture. Radula possesses tricuspid cen-
tral, lateral, and marginal teeth. Genitalia, was studied from juvenile specimen, therefore, 
epiphallus cannot be differentiated. Free oviduct short, vagina rather long, dart apparatus, 
and other accessory penial organs absent; gametolytic sac (= spermatheca in Solem, 1966) 
long, finger-like, reaching two-thirds of way to albumen gland; atrium rather short.

Figure 1. Map of type locality (circle is type locality of Muangnua limax; star is type locality of Muang-
nua arborea Tumpeesuwan & Tumpeesuwan, sp. nov.) (modified from GinkgoMaps−project http://www.
ginkgomaps.com).

http://www.ginkgomaps.com
http://www.ginkgomaps.com
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Remarks. The genus Muangnua was originally placed in the family Helicarioni-
dae and tribe Durgelli by Solem (1966), after which Vaught (1989) moved it to the 
family Ariophantidae (Table 1). Panha (1996), Hemmen and Hemmen (2001), and 
Nabhitabhata (2009) followed Vaught’s classification. Schileyko (2002) also follows 
Vaught (1989), but he placed genus Muangnua into the subfamily Ariophantinae and 
tribe Ariophantini (Table 1). Recently, Bouchet and Rocroi (2005) and Bouchet et 
al. (2017) moved the tribe Durgellini into the subfamily Durgellinae (Helicarioni-
dae). In this study, we followed Bouchet and Rocroi’s classification. Among the three 
genera of long elongate, small Southeast Asian semislugs (Parmarion P. Fischer, 1856; 
Muangnua Solem, 1966; and Laocaia Kuzminykh, 1999), their external morphology 
is very similar, but they possess many different characters. Parmarion frequently covers 
their ear-shaped shell with a mantle lobe, whereas Muangnua and Laocaia always cover 
their finger nail-shaped shell and triangular shaped shell, respectively, with their man-
tle lobe. The caudal horn overhangs in Muangnua and Laocaia but does not overhang 
in Parmarion. The postero-dorsal midline keel is present in Parmarion and Muangnua 
whereas it is present or absent in Laocaia.

Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov.
http://zoobank.org/DE9258DC-692D-4AF1-891E-18C98D78EABC
Figs 2–9

Material examined. Holotype. (Fig. 4) Thailand: Loei Province, Phu Suan Sai sandstone 
mountain, in small valley of Suan Pa Na Po, type locality covered by evergreen forest 
with dense undergrowth of bamboo and banana, 17°27'55"N, 100°55'30"E; at 940–
960 m above mean sea level, 24–25 October 2011; C. Tumpeesuwan, S. Tumpeesuwan, 
and member of MSU malacology laboratory leg.; NHMSU-00019. Paratypes. Seven 
adults and three juveniles, same data as for holotype: NHMSU-00020.

Etymology. Specific epithet “arborea” derived from Latin word “arboreus” mean-
ing “of trees” referring to the habitat of this new semislug species.

Differential diagnosis. (Table 2) Muangnua arborea Tumpeesuwan & Tumpeesu-
wan, sp. nov. differs from Muangnua limax Solem, 1966 by its body coloration. Head 

Table 1. Classification of Muangnua Solem, 1966.

Authors Taxa
Family Subfamily Tribe Genus

Solem (1966) Helicarionidae Ariophantinae Durgellini Muangnua
Vaught (1989) Ariophantidae Macrochlamydinae – Muangnua
Panha (1996) Ariophantidae – – Muangnua
Hemmen and Hemmen (2001) Ariophantidae – – Muangnua
Schileyko (2002) Ariophantidae Ariophantinae Ariophantini Muangnua
Bouchet and Rocroi (2005) Helicarionidae Durgellinae Durgellini –
Nabhitabhata (2009) Ariophantidae Macrochlamydinae – Muangnua
Bouchet et al. (2017) Helicarionidae Durgellinae Durgellini –

http://zoobank.org/DE9258DC-692D-4AF1-891E-18C98D78EABC
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of M. arborea with three black or pale black strips, for which each lateral side of head 
possesses lighter stripes from base of lower tentacle back to base of cephalic shield, a 
darker mid-dorsal line from anterior extremity among tentacles back to one-third of 
body length under cephalic shield (Figs 3–6), whereas, mid-dorsal line black strips 
absent in M. limax. There are various sizes of white spots crowded on fringe and keel of 
living M. arborea, which causes remarkable white “Y” stripe on postero-dorsal side of 
foot (missing in preserved specimens), whereas, preserved specimen of M. limax pos-
sesses three black strips on postero-dorsal side of foot, a darker stripes on mid-dorsal 
keel, and two lighter stripes on both lateral sides.

Description. Body: Body is slender, elongated (Figs 2–6). Body length 37.1–
45.3 mm and body width 10.2–10.4 mm when slightly retracted. Foot narrow, pos-
terior part of foot laterally depressed and forms steep keel structure (Figs 2B–D, 3–6) 
tapering posteriorly. Tail long with hooked, caudal horn (Fig. 6B), tail length almost 
equal to half of length of posterior end of visceral hump to anterior end of head. Pos-
terior lobe of visceral hump rounded, resting in “V” shaped body groove on top of 
foot (Figs 5, 6). Mantle lobes and shell laps fused and forming large cephalic shield, 
completely covering shell and visceral hump.

Coloration: Primary color of anterior body is light-ocher-brownish and gradu-
ally changes to brown or dark brown at posterior of body. Head possesses two pairs 
of tentacles (=ommatophores in Dedov et al. 2019). Lower tentacle is short and same 
color as head. Upper tentacle is black colored at base and gradually changes to light-
ocher-brownish at top of tentacle, which contrasts with black eye spot on top of ten-
tacle. Head with three black or pale black strips, for which each side of head possesses 
lighter stripes from base of lower tentacle back to base of cephalic shield and under 
its edge, a darker mid-dorsal line from anterior extremity among both tentacles back 
to one-third of body length under cephalic shield (Figs 3–6). Whole body has pat-
tern of irregularly-dispersed various-sized white spots. Visceral hump with two short 
vague, pale brown lateral strips (Figs 3A, 5, 6A). Posterior lobe of visceral hump sit-
ting in dark brown to pale black V-shaped depression on postero-dorsal side of foot. 

Table 2. Comparison of morphological characters between Muangnua limax Solem, 1966 and Muang-
nua arborea Tumpeesuwan & Tumpeesuwan sp. nov.

Character Taxa
M. limax M. arborea

Body
Mid-dorsal line Absent Present
Lateral stripe Present Absent
Radula
Rows 120 > 123
Teeth/row 179 > 44
Genitalia
Free oviduct Present (short) Absent
Vagina Rather long Very long
Gametolytic sac Reaching two-thirds way to albumen gland Reaching about half way to albumen gland 
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Figure 2. Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. A in natural habitat, evergreen 
forest along small stream valley on sandstone mountain at type locality, in which new species was found 
on monocot leaf (indicated by white arrow) B close-up view of specimen (indicated by arrow in A) C new 
species in resting position on tree trunk D new species on dicot leaf.

Figure 3. Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. A in natural habitat, after waking 
from resting position on bamboo leaf B revealing protective behavior on banana leaf.
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Figure 4. Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. dissected holotype specimen 
NHMSU-00019 A lateral left B lateral right C dorsal D ventral. Photograph by: Benchawan Nahok.

Figure 5. Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. external morphology and colora-
tion of body with visceral hump and V-shaped dorsal groove, A mature snail B immature snail.

Fringe of V-shaped depression connects to steep keel on postero-dorsal side of foot. 
Various sizes of white spots crowded on fringe and keel, which causes remarkable 
white “Y” stripe on postero-dorsal side of foot; posterior extremity of this white Y-
shaped stripe connects to white caudal horn.

Shell (Fig. 7): Reduced to partially calcified cap having no coiling, shell length 
7.1–7.4 mm, SW 5.1–5.5 mm., apex not prominent, shell shape similar to human 
finger nail, white calcified plate covered by transparent pale brown periostracum, nor-
mally sloughs off in preserved specimens (Fig. 7). In living semislug, its shell is always 
completely enclosed by fused shell laps.

Radula (Fig. 8): According to old specimens preserved since 2011, edge of radula 
plates macerated and breaks down during radula extraction process. Although, we 
choose the best specimens from several individuals, nevertheless, most of the marginal 
teeth were lost or incomplete. Radula plate long ribbon-shape, comprised of at least 
123 rows of teeth. Each row composed of more than 44 teeth. Central teeth isosceles 
triangle, tricuspid, very large broad base, mesocone long lancelate, ectocones promi-
nent but short, not reaching nearly to edge of base plate. First lateral teeth with small 
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Figure 6. Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. A colour pattern variation within 
population B close-up view of caudal horn (indicated by arrow).
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entocone appearing on mesocone shaft, ectocone large and plump on outer side of 
cusps. Laterals have basal plate elongated, increasing as entoconal size increases and ec-
tocone rapidly decreases in size. By 20th tooth, teeth sub-equally bicuspid, as entocone 
becomes smaller than mesocone and ectocone reduced to a small side cusp.

Genitalia morphology (Fig. 9): Atrium rather short. Penis large and stout, pea-
nut-shape, internally with short cylindrical muscular verge, which attaches to inner 
surface of penis at proximal end (connected to distal end of epiphallus); inner sur-
face sculpture of penis can be divided into 2 types: upper portion around verge cov-
ered with numerous small tubercles, and lower portion covered with transverse folds 
(Fig. 9B, C); epiphallus length equal to penis, dumbbell-shape; vas deference inserts to 
epiphallus apically. Vagina very long and slender tube, prostate gland very small and 
encloses uterus, albumen gland small, hermaphroditic duct convoluted. Dart appara-
tus (amatorial organ) and other accessory penial organs absent. Gametolytic sac long, 
finger-like, reaching about half way to albumen gland.

Discussion. According to the most recent information, this species is known only 
from the type locality. They were found only on plants (Fig. 2), which is normally on 
the leaves of monocot plants, such as bamboo, banana, etc. (Fig. 3). In the resting stage, 
this animal normally holds onto the leaves or trunks of plants by inverting their tail and 

Figure 7. Shell of Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. (paratype NHM-
SU-00020) A external view B internal view C periostracum removed from shell of preserved specimen.
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Figure 8. Radula morphology of Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. (paratype 
NHMSU-00020) A radula plate (ribbon-like radula in middle of picture) B central tooth (arrow) and 
lateral teeth C close-up view of left side of radula D close-up view of middle part of radula E close-up view 
of left side of radula showing marginal teeth F close-up view of right side of radula.

attaching its end to the left side of their head, making their body U-shaped (Fig. 2C). 
This new species has a similar protective behavior to that described by Dedov et al. 
(2019) for Laocaia simovi and Wiktor (2002) for Cryptaustenia saltatoria and Cryp-
taustenia obesa. If they are touched or caught, they will quickly flip, wag, and twist their 
foot to escape from the predator (Fig. 3B). In addition, for some semislugs in the resting 
stage, we found them near their fecal matter (Fig. 3A), which might suggest this animal 
has homing behavior, and they will return to sleep in the same position every day.



Muangnua arborea, new semislug from Thailand 29

Figure 9. Reproductive anatomy of Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov. (para-
type NHMSU-00020), A genitalia B inner part of penis C after verge inverted. Abbreviations: hd = 
hermaphroditic duct, ag = albumen gland, vd = vas deferens, ep = epiphallus, er = epiphallic retractor, p = 
penis, ve = verge, at = atrium, gs = gametolytic sac, ut = uterus, v = vagina, pr = prostate gland.

According to Schilthuizen and Liew (2008) a semislug is defined as snails with a 
partially visible shell that, due to their rather small shell, cannot withdraw its body 
into its shell. Muangnua is a slug-like semislug possessing a reduced shell having only 
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one remnant coil that is always covered by a mantle lobe. There are many species of 
semislug described and recorded from South and Southeast Asia (Blanford and God-
win-Austen 1908), including, Girasia Gray, 1855 from Himalaya and Assam (India), 
Cryptogirasia Cockerell, 1898 from Naga Hills (India), from Western Ghat (India) 
and Ceylon (Sri Lanka), Austenia Nevill, 1878 from the Himalaya, Assam (India) and 
Burma (Myanmar), Parmarion P. Fischer, 1856 from South China to Java (Indonesia), 
Minyongia Godwin-Austen, 1916 from Assam (India), and Myotesta Collinge, 1901 
from North Vietnam. Of these genera, only Austenia and Parmarion are known in 
Thailand. Austenia doisutepensis Solem, 1966 has a short body and 1⅔ to 2 whorls; 
therefore, its mantle lobes and shell laps cannot cover all the shell surface and leave 
much of the shell exposed (snail-like semislugs). Parmarion martensi Simroth, 1893 has 
an elongated body, in which the small ear-shape reduced shell is frequently covered by 
mantle lobes and shell laps (slug-like semislugs). We provide below keys for identifying 
the genera of slug-like semislugs and species of Muangnua in Southeast Asia.

Key to genera of Southeast Asian slug-like semislugs

1 Ear-shaped shell frequently covered by mantle lobe; Caudal horn not over-
hanging ....................................................................................... Parmarion

– Finger nail or triangular shape shell always covered by mantle lobe; Caudal 
horn overhanging ........................................................................................2

2 Finger nail-shaped shell; gametolytic sac long cylindrical tube .... Muangnua
– Triangular shaped shell with thin seam periostracum; gametolytic sac stalk 

short and stout or moderately long and slender ................................Laocaia

Key to species of genus Muangnua

1 Head without mid-dorsal line; tail with lateral stripe ........Muangnua limax
– Head with mid-dorsal line; tail without lateral stripe ....................................

 ........................................................................ Muangnua arborea sp. nov.

Acknowledgements

We would like to thank Benchawan Nahok for providing photographs of Holotype and 
SEM. We wish to express sincere thanks to Kitti Tanmuangpak, Chamaiporn Worachak, 
Ariya Hoompuay, Jittapa Ounchareon, and Jutatip Tippanet for helping with our fieldwork. 
We are indebted to Nual-anong Wichaikul, the Centre for Scientific and Technological 
Equipment of Technology Suranaree University for her help with sample processing and 
SEM work. We are deeply grateful to The Biodiversity Heritage Library (https://www.
biodiversitylibrary.org/) for previous literature made available to us. Special thanks to 

https://www.biodiversitylibrary.org/
https://www.biodiversitylibrary.org/


Muangnua arborea, new semislug from Thailand 31

Jolyon Dodgson for kindly checking the manuscript. We are deeply thankful to Barna Páll-
Gergely, Liew Thor-Seng, and Chris Glasby for their valuable comments and suggestions. 
This research was Financially Supported by Mahasarakham University Grant Year 2018 
(6105050/2561). Animal Care and Use Protocol Review No. IACUC-MSU-0023/2017.

References

Blanford WT, Godwin-Austen HH (1908) The Fauna of British India, Ceylon and Burma. 
Taylor and Francis, London, 311 pp.

Bouchet P, Rocroi JP (2005) Classification and Nomenclature of Gastropod Families. Malaco-
logia 47(1–2): 1–397.

Bouchet P, Rocroi JP, Hausdorf B, Kaim A, Kano Y, Nützel A, Parkhaev P, Schrödl M, Strong 
EE (2017) Revised classification, nomenclator and typification of gastropod and monopla-
cophoran families. Malacologia 61(1–2): 1–526. https://doi.org/10.4002/040.061.0201

Bourguignat JR (1877) Description de deux nouveaux genres algériens, suivies d’une classifica-
tiondes familles et des genres de Mollusques terrestres et fluviatiles du système européen. 
Bulletin de la Sociéte des Sciences Physiques et Naturelles de Toulouse 3(1): 49–101.

Cockerell TDA (1898) Note on Mariaella dussumieri. Nautilus 12(1): 9–10.
Collinge WE (1901) Description of some new species of slugs collected by Mr. H. Fruhstorfer. 

The Journal of Malacology 8: 118–121.
Dedov I, Schneppat U, Vu MQ, Huy NQ (2019) A new semislug of the genus Laocaia (Gas-

tropoda, Pulmonata, Helicarionidae) from Vietnam. ZooKeys 846: 19–30. https://doi.
org/10.3897/zookeys.846.34372

Fischer P (1856) Actes de la Société Linnéenne de Bordeaux 20: 395.
Godwin-Austen HH (1888) Land and freshwater Mollusca of India, including South Arabia, 

Baluchistan, Afghanistan, Kashmir, Nepal, Burmah, Pegu, Tenasserim, Malay Peninsula, 
Ceylon, and other islands of the Indian Ocean. Supplementary to Messrs. Theobald and 
Hanley’s Conchologia Indica 1(6): 207–257.

Godwin-Austen HH (1916) Zoological results of the Abor Expedition, 1911-12 Mollusca, VI. 
Records of the Indian Museum 8: 547–559. [pls. 45–48]

Gray JE (1855) Catalogue of Pulmonata or Air-breathing Mollusca in the collection of the Brit-
ish Museum (Part 1). London, 192 pp.

Hemmen J, Hemmen C (2001) Aktualisierte Liste der terrestrischen Gastropoden Thailand. 
Schriften zur Malakzoologie 18: 35–70.

Kuzminykh AA (1999) A new genus and two new species of land snails of the Family Ari-
ophantidae from North Vietnam. Ruthenica 9: 47–50.

Nabhitabhata J (2009) Checklist of Mollusca Fauna in Thailand. Office of Natural Resources 
and Environmental Policy and Planning, Bangkok, Thailand, 576 pp.

Nevill G (1878) Hand list of Mollusca in the Indian Museum, Calcutta (Part I). Gastropoda, 
338 pp. https://doi.org/10.5962/bhl.title.11957

Panha S (1996) A checklist and classification of the terrestrial pulmonate snails of Thailand. 
Walkerana 8(19): 31–40.

https://doi.org/10.4002/040.061.0201
https://doi.org/10.3897/zookeys.846.34372
https://doi.org/10.3897/zookeys.846.34372
https://doi.org/10.5962/bhl.title.11957


C. Tumpeesuwan & S. Tumpeesuwan  /  ZooKeys 894: 19–32 (2019)32

Schileyko AA (2002) Treatise on recent terrestrial pulmonate molluscs. 9. Helicarionidae, 
Gymnarionidae, Rhysotinidae, Ariophantidae. Ruthenica, Supplement 2(10): 1167–1307.

Schileyko AA (2003) Treatise on recent terrestrial pulmonate molluscs. 10. Ariophantidae, Os-
tracolethaidae, Ryssotidae, Milacidae, Dyakiidae, Staffordiidae, Gastrodontidae, Zoniti-
dae, Daudebardiidae, Parmacellidae. Ruthenica, Supplement 2(10): 1309–1466.

Schilthuizen M, Liew TS (2008) The slugs and semi-slugs of Sabah, Malaysia Borneo (Gastrop-
oda, Pulmonata: Veronicellidae, Rathouisiidae, Ariophantidae, Limacidae, Philomycidae). 
Basteria 27: 287–306.

Solem A (1966) Some non-marine mollusks from Thailand, with notes on the classification of 
the Helicarionidae, Spolia Zoologica Musei Hauniensis 24: 7–110. [pls. 1–3]

Vaught KC (1989) A classification of the living Mollusca. American Malacologist, Inc., Mel-
bourne, 189 pp.

Vorajuk C (2000) Taxonomic revision of semi-slugs in Thailand and some parts of neighboring 
countries. Unpublished Thesis, Department of Biology, Faculty of Science, Chulalongkorn 
University, Bangkok, 119 pp.

Wiktor A (2002) Terrestrial gastropods of the Province of Madang in Papua-New Guinea (Part 
II) – Two species of Cryptaustenia Cockerell, 1898 (Pulmonata: Helicarionidae) new to 
the science. Folia Malacologica 10(4): 225–231. https://doi.org/10.12657/folmal.010.014

https://doi.org/10.12657/folmal.010.014

	Muangnua arborea, a new semislug (Gastropoda, Stylommatophora, Helicarionidae, Durgellininae) from Loei Province, northeastern Thailand
	Abstract
	Introduction
	Material and methods
	Results
	Order Stylommatophora A. Schmidt, 1855
	Superfamily Helicarionoidea Bourguignat, 1877
	Genus Muangnua Solem, 1966
	Muangnua arborea Tumpeesuwan & Tumpeesuwan, sp. nov.
	Key to genera of Southeast Asian slug-like semislugs
	Key to species of genus Muangnua

	Acknowledgements
	References

