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Executive Summary

The fundamental research on animal diversity from the basic species exploration of
terrestrial snails through classical taxonomy has been initiated, from which several hundred new
species have been described, to molecular systematics. Subsequently he has expanded his
research to include various groups of soil fauna, such as millipedes, centipedes, earthworms
and aquatic leeches, in Thailand and nearby countries. For example, more than 20 centipede
species have been recognized, of which some are new to science. Molecular systematics has
been used to confirm the systematic inventory of soil fauna, which can be used to quantify and
qualify the Thai biodiversity resources. All type materials have been registered in ICZN and the
Barcode of Life Program for the Thai species. The studies on the Southeast Asian tree snails
genus Amphidromus and associated publications have been made international recognition in
this field. The findings of all this research can be used for the basic protection and conservation

of Thai (soil) fauna for future sustainable utilization.

Some of these basic findings on soil fauna are now being used for application in eco-
friendly or organic agricultural practices. More than 50 Thai millipede species and 100
earthworm species are now being classified for soil improvement and producing organic
fertilizers, such as the common earthworm (Metaphire peguana) and millipede (Thyrophygus
allevatus) species These projects are currently in operation (field trails) with farmers in

Mahasarakham Province.

To date (July 2015), we have published more than 140 international papers and are
now bringing these fundamental outputs to practice in inter-discipline applications and
establishing “spin off technologies”, pursuing university research outputs for the real business

sector. In particular, our 30 years experience on land snail research is being applied in



industrial cosmeceuticals making the first commercial products of “Snail Serum from Siam
Snail’, and, as a joint venture with the private sector, aim to establish “Thai Brand
Manufacturing”. In addition, the screening of earthworm species for the production of “eco-
friendly earthworm based organic agriculture” is under development and in trials in real paddy

systems where it is gradually being accepted by local farmers.
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Project : Systematics and Biogeograhy of Soil Macro-invertebrates (Land Molluscs,
Millipedes, Centipedes and Earthworms) and Roles in Agro-ecosystem

Final Report August 2015

Principal Investigator : Professor Dr. Somsak Panha

Abstract

Soil Macro-invertebrates (Land Molluscs, Millipedes, Centipedes and Earthworms) are
distributed widely in sub-tropical and tropical Asia playing very important roles in ecosystem
and in agro-ecosystem. Morphology is traditionally used for species identification in these
creatures but many characters exhibit considerable variation both within and between
populations; species limits have been extremely difficult to determine and are poorly
understood. Many currently recognized species have discontinuous distributions over large
ranges but geographical barriers and low mobility of animals are likely to have led to long
periods of isolation resulting in cryptic speciation of allopatric populations. The high degree of
intraspecific variation, both genetic and in morphology, suggests that its classification as distinct
species warrants reconsideration. As a contribution towards solving these problems, we
reconstructed the molecular phylogeny of thousands of specimens from 858 localities in
Thailand and other five nearby countries: Laos, Cambodia, Malaysia, Singapore and Myanmar,
and later making morphological revisit and judgement. Molecular phylogenetic analyses were
used to investigate geographic limits and speciation scenarios. The analyses of COIl, 16S rRNA
and 28 rRNA gene fragments were performed using neighbourjoining (NJ), maximum likelihood
(ML), and Bayesian inference (Bl) methods. All the obtained phylogenetic trees were mostly
congruent with each other and in most cases confirmed the species level classification.
However, there are some exhibit polyphyletic and appear to be species complexes, suggesting
that populations of these species from different geographical areas perform cryptic speciation.
We have published several papers to confirm our findings of evolutionary boundary through
those soil fauna. And several hundred of new species descriptions have been recorded and
referred as international standard. In addition, the screening of earthworm species for the
production of “eco-friendly earthworm based organic agriculture” is under development and in

trials in real paddy systems where it is gradually being accepted by local farmers.

Key words: Animal systematics, soil macro-invertebrates, Southeast Asia, Agro-ecosystem
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19) Parmarion martensi 20) Plectopylis sp. 21) Chloritis diplochonch
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MR 3 fegensiounstidinuludszmelng 1) Glomerid 2) Spherotherid 3)
Anteromorpha festiva 4) Cambalopsid 5) Platyrhacus sp. 6) Siphonophorid 7)
Anurostreptus scluptus 8) Tylophygus enghoffi 9) Tylopygus opinatus 10) Tylophygus

uncinatus 11) Litostrophus segretatus 12) Tylophygus resimus
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N 4 Sregsazanuuatanwuludszinalng 1) Geophilus sp. 1 2) Geophilus sp. 2
3) Geophilus sp. 3 4) Otostigmus scaber 5) Asanada sp. 6) Rhysida nuda 7) Scolopendra
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A 5 draialddenduunsstlaannuludszinelng 1) Amynthas sp. 2) Glyphidrilus

sp. 3) Metaphire sp.
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N 6 nasmnunussUEsnnulunseraninaiuns 1) Durgella sp. 2) Parmarion sp.

3) Sarika dugasti 4) Sarika limbata 5) E. Sarika heptagyra 6) Sarika sp. 7 Wa< 8) Sarika

pumicata JU7 8 UFAINTTHANWUT
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a7 fefleueslBdnwulunverandnsiuwm 1) Trigoniulus  corallinus,  2)

Litostrophus segregatus 3) Zephronia sp.
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a8 axnuuwslEsiwulunveraninsiuns 1) Scolopendra dehaani  2)

Otostigmus aculeatus 3) Scolopendra morsitans
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n’lwﬁl 9 éha&i’lmaEm’m'i.m‘ﬁm&laﬂ%ﬁﬁwuluﬂizmﬂma 1) Cyclophorus speciosus 2)
Pterocyclos messageri 3) Japonia kobuloski 4) Camaena illustris 5) Quantula sp. 6)
Quantula weinkauffiana T) Chloritis deliciosa 8) Bradybaena similaris 9) Chloritis sp. 10)
Sarika resplendens 11) Plecto pylis laosmontana 12) Haploptychius pellucens 13)
Amphidromus xiengensis 14) Amphidromus sp. 15) Amphidromus mouhoti 16) Hemiplecta

pluto 17) Megaaustenia siamensis 18) Philomycus sp.
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AR 10 AsfousstiEdfinuludszineann 1) Desmoxytes jeekeli 2) ﬁaﬁam:uaﬂmaﬁlu
8udl Spirobolida limansnduunanale 3) ﬁaﬁaﬂizuanmmuﬁ Harpagophoridae &4
vl,limmimi’umﬂaqavlﬁ 4) Eutrichodesmus sp. 5) Platyrhacus sp. 6) Desmoxytes sp. T)
Desmoxytes sp. 8) Thyropygus sp. 9) fi‘lﬁaﬂiwamﬁmdﬁ Spirostreptidae ﬁfl'\‘lvl,&ia’lmm
Fwunanald 10) AsAadnawaLanaad Abacionidae ﬁawmﬂuaqalmiuamﬂ%ﬂmi 11)

Antheromorpha sp. Wi 12) Hyleoglomeris sp.
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A 11 Meghsaznuussddanulunsdnsnaseil 1) Rhysida longipes 2) Rhysida
calcarata 3) Oftostigmus multidens 4) Alluropus demangei 5) Scolopendra pinguis 6)

Cormocephalus sp. 7) Otostigmus scaber 8) Scolopendra dehaani
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A 12 Medramasmnunusstisinululssmanaidousciealus 1) Cyclotus
setosus 2) Pterocyclos spaleotes 3) Alycaeus sp. 4) Personia sp. 5) Pollicaria elephas 6)
Cyclophorus volvurus T) Pupina artata 8) Alycaeus perakensis 9) Schistoloma perakensis
10) Vaginula siamensis (ventral side) 11) Achatina fulica 12) Sinoennea ridleyi 13)
Prosopeas sp. 14) Trochomorpha sp. 15) Quantula striata 16) Pseudoplecta bijuga 17)
Sarika sp. | 18) Sarika sp.



A 13 Medenefavstdinuludssnaunaifouasioalds 1) Glomeris sp. | 2)
Spherotherid 3) Glomeris sp. |l 4) Enghoffsoma sp. 5) Desmoxytes sp. 6) Unknown micro
polydesmids 7) Unknown cave-dwelling polydesmids 8) Platydesmis sp. 9) Tylopygus sp.
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AMNN 14 @ra819ezuueRDIsNNUluUssinenaiGauasisalds 1) Thereuopoda
longicornis 2) Asanada brevicornis 3) Scolopendra subspinipes 4) Rhysida leviventer 5)

Scolopendra morsitans 6) Scolopendra dehaani T) Mecistocephalus sp.
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A 15 moaymnunuestdanwuludssinawain 1) Pupina aura 2) Rhaphaulus
pachysiphon 3) Pollicaria gravida 4) Schistoloma sectilabrum 5) Leptopoma annamiticus 6)
Prosopes techalensis T) Discartemon sp. 8) Haploptychius sp. 9) Haploptychius sankeyi 10)
Sarika sp. 11) Sophina sp. 12) Succenia cochinchinensis 13) Dyakia retrorsa 14)
Trochomorpha sp. 15) Cryptaustenia tavoyensis 16) Megaustenia prestan 17) Oospira sp.

18) Plectopylis achatina
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AN 16 s nuUnUIRDTENANULUUSTInAWan 1) Aefenszuan Tonkinbolus 2) Aefie
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WINT Desmoxytes sp. 1 3) A9NaNIng Desmoxytes sp. 2 4) ﬁdﬁaﬂizqu Glomeridae 5)

v

f4NaaIng 8nN& Desmoxytes sp.3 6) f9Naazly Helicorthomorpha



34

%ammﬁméaa:ﬁagﬁmam{ (Systematics and Biogeography)
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IWWINIVaIviaaviaNadna Cyclophorus Moontfort, 1810
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MIFNTIZAVUWITUIAE Molecular Phylogenetics and Evolution lutl a. a. 2014 d’magﬂ
PoINAM IS ueait “Operculate land snails of the genus Cyclophorus are distributed
widely in sub-tropical and tropical Asia. Shell morphology is traditionally used for species
identification in Cyclophorus but their shells exhibit considerable variation both within and
between populations; species limits have been extremely difficult to determine and are
poorly understood. Many currently recognized species have discontinuous distributions
over large ranges but geographical barriers and low mobility of snails are likely to have led
to long periods of isolation resulting in cryptic speciation of allopatric populations. As a
contribution towards solving these problems, we reconstructed the molecular phylogeny of
87 Cyclophorus specimens, representing 29 nominal species (of which one was
represented by four subspecies), plus three related out-group species. Molecular
phylogenetic analyses were used to investigate geographic limits and speciation
scenarios. The analyses of COI, 16S rRNA and 28S rRNA gene fragments were
performed using neighbour-joining (NJ), maximum likelihood (ML), and Bayesian inference
(Bl) methods. All the obtained phylogenetic trees were congruent with each other and in
most cases confirmed the species level classification. However, at least three nominate
species were polyphyletic. Both C. fulguratus and C. volvulus appear to be species
complexes, suggesting that populations of these species from different geographical areas
of Thailand are cryptic species. C. aurantiacus pernobilis is distinct and likely to be a

different species from the other members of the C. aurantiacus species complex.”
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“The collection of land caenogastropod snails in the genus Cyclophorus
Monfort, 1810 housed in the Natural History Museum, London (NHM), includes 52
type lots. Lectotypes have been designated for 44 species-level available names to
stabilize existing nomenclature, one previously designated lectotype, two syntypes,
one possible syntype, two holotypes, and two parlectotypes are also listed. A
complete catalogue of the Cyclophorus types in NHM, London is provided for the first

time.”
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RINIDLDINILATIZRUALINTN catalogue Ba91a8 Cyclophorus ¥84lan 13 e

40



41




42




43




NANNTANBNALATIZRAINA1IT90 W LA ARUW LN LN TR N TEN TN TN T I TZA LYY
wivaswmMIguiiasmanisensdedealud
1. Nantarat,N., Tongkerd, P., Sutcharit, C., Wade, C.M., Naggs, F. and
Panha, S. 2014. Phylogenetic relationships of the land operculate snail
genus Cyclophorus Monfort, 1810 in Thailand. Molecular Phylogenetics
and Evolution, 70: 99-111.
2. Nantarat, N., Wade, C.M., Jeratthitikul, E., Sutcharit, C. and Panha, S.
2014. Molecular evidence for cryptic speciation in the Cyclophorus
fulguratus (Pfeiffer, 1854) species complex (Cenogastropoda:
Cyclophoridae) with description of new species. PLOS ONE 9(10):
e109785.
3. Nantarat, N., Sutcharit, C., Tongkerd, P., Ablett, J., Naggs, F. and Panha,
S. 2014. An annotated catalogue of the type specimens of the land snail
genus Cyclophorus Monfort, 1810 (Gastropoda: Caenogastropoda) in the
Natural History Museum, London. ZooKeys, 41: 1-56.
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“The genus Glyphidrilus comprises of semi-aquatic freshwater earthworms that live

in an ecotone between terrestrial and freshwater ecosystems and that are widely

distributed along the banks of rivers and rice paddy systems. Two Glyphidrilus species (G.

vangviengensis and G. mekongensis) are endemic to the Lower Mekong River Basin and

are sympatric from Northern Thailand to Southern Laos. Because the key morphological
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traits in semi-aquatic earthworms are highly polymorphic, species delimitation among the
Mekong Glyphidrilus is still unclear. Therefore, allozyme electrophoresis was performed to
assess whether G. vangviengensis and G. mekongensis are distinct species and to what
extent their variable morphology allows their specific separation. A total of 752 individuals
collected from 33 localities were screened for 10 presumed loci from seven enzymatic
systems, revealing that G. vangviengensis and G. mekongensis are two distinct species,
according to their different allelic patterns and high genetic distance. An additional
unidentified species was inferred from Ban Hat Khamphi, Loei, Thailand. Genetic diversity
of the Mekong Glyphidrilus was comparable to other earthworm taxa, with a low
heterogeneity (Fst) in each species. No population structure was detected by AMOVA and
Bayesian structure analyses, and significant isolation by distance but not vicariance was
observed. Recent translocation by water current could have caused the coexistence of
both species and high level of gene flow among adjacent populations within each

species.”
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1. Jirapatrasilp, P., Prasankok, P., Chanabun, R. and Panha, S. 2015. Allozyme
data reveals genetic diversity and differentiation of sympatric Glyphidrilus Horst,
1889 (Oligochaeta: Almidae) in the Lower Mekong River Basin. Biochemical

Systematics and Ecology. 61: 35-43.
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Lazcano et al., 2011 w8z Borji et al., 2014
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Fawedaunouan uszanmsanswuinlddeuiifenssunisinlutaisnainaisiin uas
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Sample Analysis
Oven pH EC | Organic | Total | P,O, | K,0 | C:N
dried (1:5) | dS/m | matter N (%) | (%) | ratio
method (%) (%)
(%)
Bedding 75 6.73 | 0.09 |27.1 021 |043 |0.36 | 74.73
ﬂmuﬁngavl,ﬁlﬁau 76.10 6.72 | 1.52 | 29.21 0.56 | 0.24 |0.42 |30.36
E. fetida (EF1)
flondnyaldiden | 75.15 6.75 | 1.58 [36.87 |0.73 |0.21 |0.39 | 28.75
P. excavates (PE2)
qwﬁm&a"tﬁtaau 77.25 6.64 | 122 |3589 |0.51 |035 |045 |4122
P. excavates (PE3)
shmdnyeldidon - 743|138 | - | 2005|006 042 | -
E. fetida (EF1)
shmdnyaldidon - |e92 116 | - | 2005|004 [032| -
P. excavates (PE2)
smiingaldidan ] 7.52 | 1.41 - | 2005|006 |046 | -
P. excavates (PE3)

3. WaFugaWied lfAeu (32821181 5 1faw) ITNAILATUN 1 unTaw 2558

AU 1 inuian 2558 ‘ﬁﬂmiﬁ'@LLzm"léfLﬁauua:ﬂwﬁﬂgavlﬁlﬁau LNAN BT WIILAS

[ a & v A ] v AN v P ' o 1% a
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swwldiden | swamwmldiden | sammsiwiu
AW Lfllaé%?jﬂﬂ’ﬁ asldlfan
Treatment
1 4N31A% GEER (%)

2558 1 inwiew 2558
vafl 1 E. fetida (EF 1) 547 3,057 459
1afl 2 P. excavatus (PE 1,000 588 41
2)
1afl 3 P. excavates (PE 1,000 2,258 126

3)
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