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ANN 10 MWLEAIANE TS gonopod VININBNINT Spinaxytes sp. ANNIRIANTTT A T1Ie1UUanN
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g glgr%ier;a (D7) Glg axytes
. fusca F«t&}
sca (149)
sca (19

Pemas |

& Orth lauta (K12)
— Olthomorphalaula(KB)

os7/- Orthomorpha lauta

(A
/'”

+ Orthumorpha horologlformls $K9§

omorpha subsericata (K4) / T
Orthomorphu sp. (K6) = -
thomorpha sp. (K7)

= $ biobe §B}§§ D
—e o S hasta (D19§ b13) .
E ha,,:si (’)}:’;i}’;‘z‘(?}f’n Spinaxytes ~
N. sml;(
. gracilis (A30)

. erecta (C
Oxidus gigas (921)
Ocxidus riukiaria (926)

1/100

1/98 7700 1ylopus crassipes (920) ©23)
/0.70/- es (922) @ Node supported by B & ML
L0924 drianae (2
r—.1 7100 .ﬂ Pogonosternum Iaenﬁcum %244) o Node supported by Bl
g Node not supported

0.04

i 1 mmé’uw"’ufvmmﬂ"iﬁ'@ummiﬂuaamjuﬁoﬁauy&m Desmoxytes s.. lag3% Bayesian
Inference VaIfl COl, 16S rRNA and 28S rRNA ﬁ?Lﬂ”ﬂU?L’JmﬁlﬂLLﬂﬂLLaﬂd Bayesian Posterior
Probability LLa Maimum Likelihood Bootstrap Values qﬂﬁﬁmamq@Lwﬂﬁ'aﬁfuagﬂ@ﬂ Bl waz ML
Q@?XLVHLLEI@G@@LLUﬂﬁaﬁuaquﬁ"m BI Lﬁ%fu I} Q@ﬁ“m’al,l,am@@LLUﬂﬁvszaﬁfuaguﬁnﬂ?fd Bl uaz
ML (A = Desmoxytes purpurosea, B = Gigaxytes gigas, C = Hylomus sp., D = Spinaxytes sp., E =
Nagaxytes sp., Orthomorpha lauta).
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D. breviverpa (048) (33
D. breviverpa (053) (32
D. takensis (063) (31)
D. takensis }064) (30)
D. takensis (136) (2492
D. waepyanensis (1 28 A1A
D. waepyanensis (145) (27
D. purpurosea (1 26
D. purpurosea (120) (25
D. purpurosea (126) (24)
D. golovatchi A4g(23£
D. golovatchi (B15) (22)
& D. octoconigera (A10) (21)
D! D. ?ct%cggi 1e:r;'yr A11) (20)
. 4 D. aurata
T D. aurata &096)) 12%
D. perakensis (B10) (11)
D. delfae (M3) (10 _ A2
o D. terae (22 )g))
D. flabell 72L1)'2ter789 MRS
& D. 11abella
—@ ® D. flabella (213 6))
I B euros (160 197;

Al

. euros (161) (18
D. euros A16$ 1

D. euros (A17) (16
D. planata (A22) (15)
D. planata (A23) (14)
D. corythosaurus (|
D. cervina Bg é

D. cervina éB } é} ,

D. cervina (Blz2

D. cervina (|

q' % o ¢ a o : A L ad .
AINN 12 ANMUFUNBINIIRIYIIAIUINITVBININANINT Desmoxytes s.s. 1o Bayesian Inference
ni 0 : =) b nql’ a a a
LL@&LLN%ﬂﬂ’IiLLWiﬂi‘%’]EI‘llE]OﬂGﬂaudﬂiﬁQﬂuiun“Nﬂ'lﬂauIW%u (A = D. purpurosea, B = D.

octoconigera, C = D. delfae, D = D. terae, E = D. planata \W8< F = D. cervina).
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ANN 13 NINBWLUW Trichopeltis sutchariti NFUFDITWI UTzinadn
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ANN 14 DINBULW Trichopeltis sutchariti IMFUFDITUUN UT=NAIn A, D §IBAIGTUT DILAZA R
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G. yunnanensis
G vangviengensis
G. champasakensis
—4{:{‘2' Glyphidrilus sp. 1

< Glyphidrilus sp. 2
——— < Glyphidrilus sp. 3
& ___ Glyphidrilus sp. 4

| G. jamiesoni

‘+—«:‘i | soniarus sp. 6

!

Glyphidrilus sp. 7

_‘:‘,:r"— G. huailuangensis
G. sekongensis

G. mekongensis
G. chiangraiensis
G. namdonensis

§& Glyphldnlus sp.5
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A A= o \ v A A L. =2 < A Y
AINN 18 LL&@\‘]ﬁﬂ’]u‘ﬂLﬂU@naﬂqﬂvLaL@]auaZLﬂanﬂ Glyphidrilus IuﬂqiﬂﬂE’]ﬂiﬁuﬂiﬂuuﬂﬂq&luqimﬁ

1) Glyphidrilus sp. 14, 2) G. papillatus, 3) yunnanensis, 4) borealis, 5) vangthongensis, 6) vesper,
7) chaophraya, 8) Glyphidrilus sp. 12, 9) Glyphidrilus sp. 13, 10) horsti, 11) wararamensis, 12) G.
kratuensis, 13) bisegmentus, 14) trangensis, 15) satunensis, 16) kedahensis, 17) G. peninsularis,
18) perakensis, 19) malayanus, 20) kotatinggi, 21) singaporensis ﬂ&juﬁagluﬁiuﬁ’ﬂm A)
chiangraiensis, B) Glyphidrilus sp. 1, C) vangviengensis, D) mekongensis, E) namdonensis, F)

Glyphidrilus sp. 2, G) Glyphidrilus sp. 5, H) champasakensis, 1) Glyphidrilus sp. 11
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Treatment 1 ﬁai’a@;wazLﬁym"LéﬁﬁaumﬂgaIﬂ wau 2 Alansuda lddan 30 a7
Treatment 2 ﬁafmywwuﬁm"ﬁﬁaugaﬂﬁ un 2 Alansudaldifon 30 a7

Treatment 3 ﬁai’aqmﬁmiﬁﬁaugaqﬂi w2 Alansuda lddan 30 a7
Treatment 4 ﬁai’a@yww:ﬁwamﬁﬂﬂﬁuﬁa 1 8% yala 1 &% uaz Puuzwing 1 8

nanliidnwuimainialy 1 6o w2 Alansudaldiden 30 @1 (nguAILAY)

P = ° 4 @ v A > &
A131N 1 LFAINANITANBIIWIN ‘H)’]V\%ﬂl,l,ﬂzﬂ'lﬁlllSJW?TBG%@L@QHIH@‘IJ@’]%W 1

Treatment 1IN dwinsnzas dwinmagaas AMALINAREY
Tahon Tdidan (nen) Tahon (5a2) | vasldifan (5 a7)
1 30.00+0.00™ 3.60+0.80%° 0.22+0.19° 6.41+1.24°
2 30.00+0.00" 4.30+0.41° 0.21£0.04%° 5.44+1.28°
3 30.00+0.00™ 2.90+0.99° 0.15+0.06° 6.14+1.56%°
4 30.00+0.00" 3.98+0.62%° 0.21£0.07%° 5.53+0.73"
AN51971 2 UFAIHANIAN BTN Tvein wazanuenveslddenludilanyid 2
Treatment 1IN Wnwinsnas vnwin@ages AMALINRAE
Tdihan Tdidaw (nnen) Tafow (5 62) | vasldifan (5 A7)
1 21.25+2.63° 2.73+1.34° 0.17+0.07° 6.06+0.51°
2 30.00+0.82% 8.30+0.57° 0.42+0.09° 6.77+0.63°
3 18.25+4.92° 3.63+1.36™ 0.30+0.13° 6.53+1.02%°
4 23.25+2.99° 5.10+0.50° 0.29+0.08° 6.52+0.66°"
A15197 3 UFAINANIANBIS I Tvein wazanugnveslddenludlansd 3
Treatment 1% Wwinsnzas dwineagaes AMALINARE
Tahon Tdidan (nnen) Tahon (5a2) | vasldifian (5 a7)
1 21.50+4.04° 8.75+11.53"™ 0.18+0.08" 5.66+0.92°
2 31.75+1.507 10.23+1.33" 0.52+0.09" 7.48+0.57°2
3 23.005.23° 5.70+1.83" 0.37+0.12"° 6.88+0.65°
4 25.25+2.63° 5.93+0.57" 0.53+1.17" 5.88+0.65°
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P = ° 4 @ o A o &
A191N 4 LLRAINANITANBIIUIU BI1AUN LL@Z@]’J’]NEl’]’J‘IJQGVLﬁL@]a%I%ﬁﬂ@nﬁ'ﬂ 4

Treatment 5’]%‘)% ﬁmﬁfm'mmm fﬁwﬁnmﬁ'ﬂmaa ﬂ'J’l&IEI’]')LﬂsEI
Tafan Tdidaw (nnen) Tafow (5 a2) | vasldifan (5 a9)
1 22.75+3.50° 2.90+0.45° 0.17+0.07° 5.88+0.39°
2 31.25+1.26° 11.30+1.90° 0.52+0.21° 8.03+1.09°
3 24.75+2.75° 6.00+1.06° 0.50+0.60° 6.55+1.07°
4 26.00+0.82° 5.43+0.17° 0.21+0.04° 5.57+0.50°
GI"I‘J']\‘]"?i 5 LLﬁ@NNaﬂ’]iﬁﬂH’]ﬁL}”]u’Ju ‘ﬁ’mﬁﬂ LLazmmmwaa"t&ﬁau’tuﬁﬁmﬁﬁ 5
Treatment 7110'1%’3% ‘Ii]‘lﬁ‘i:iﬂi')%l‘lla\‘l fmﬁnmﬁwm mwmamﬁﬂ
Tahon Tdidan (nen) Tahon (5a2) | vasldifan (5 a7)
1 20.0045.23° 1.78+0.89° 0.14+0.06° 5.31+0.55°
2 30.75+4.35% 10.55+3.09° 0.49+0.10° 7.08+0.64°
3 36.50+6.95° 5.30+0.81° 0.32+0.13° 6.47+0.98°
4 25.25+2.22% 5.00+1.31° 0.22+0.06° 5.55+0.36°
(ﬂ’li’l\‘l‘ﬁ 6 mewamsﬁﬂmﬁﬁmu ﬁﬁ%ﬁﬂ LLazmmsmmaﬂﬁﬁaulué’ﬂmﬁﬁ 6
Treatment 1IN WnninTINaag vinniniaasuas ANNIIRAE
Tdihan Tdidan (nnen) Tafow (5 62) | vasldifan (5 A7)
1 16.75+4.43° 2.40+0.86° 0.16+0.07° 5.65+0.62"
2 26.00%5.10% 7.03+1.35° 0.44+0.09° 6.67+0.70°
3 32.50+16.362 5.13+1.47° 0.21+0.09° 5.80+0.44°
4 18.25+4.99%° 3.68+1.16™ 0.18+0.07° 5.95+0.43"
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P = ° 4 @ o A o &
AN 7 LRAINANITANHIUWIW UWIAUN LL@Z@]’J’]NEl’]’J‘IJQGVLﬁL@]a%I%ﬁﬂ@nﬁ'ﬂ 7

Treatment | shwwldifian | vwiwinsinzes sviinadszas AMNEAAY
Tdidaw (nnen) Tafow (5 1) | vasldifion (5 a2)
1 14.75+3.86" 1.53+0.60° 0.13%0.05" 6.13+0.58°
2 168.75+170.26" 6.23+2.71° 0.31+0.08° 6.65+0.72°
3 90.50+84.20™ 4.75+1.00% 0.15+0.07° 5.67+0.64°
4 18.50+9.58" 4.10£2.26% 0.1620.06" 5.90+0.68"
@13197 8 UEAIHAMIANENSIWIL hwin wazanueveslddenlusilandd 8
Treatment | shuwwldifian | wiwinsInzes dviinadsuas AMNERAY
Tdidaw (nnen) Taifow (5 1) | vasldifion (5 a)
1 24.00£27.45° 2.80%2.75° 0.1620.08" 5.73x0.77"™
2 111.50+84.91° 6.65+3.10° 0.31+0.08% 6.11+1.62"
3 86.25+38.00%° 5.05£1.27% 0.2420.00° 6.20£0.59™
4 19.75+3.40° 3.55+1.142° 0.22+0.06° 6.32+0.51"
@13197 9 UEAIHAMIANENSIWIL hwin wazanuevasldidenlusand o
Treatment | shwwldifian | viwinsinves dmsinadsas AMNEARY

Tdidan (nne)

Tahoan (5 @)

gasldifan (5 A7)

1 12.00+4.90™ 1.53+1.22° 0.14+0.09° 4.76+1.25°
2 175.50+229.63" 9.58+8.70° 0.23+0.09° 5.95+1.472
3 113.75+31.29"™ 7.18+1.71% 0.17+0.07™ 5.80+0.64™
4 21.50+6.76" 4.15+1.49% 0.20+0.06% 5.69+0.56%°
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P = ° 4 @ v A > &
199N 10 LRAINANITANTIIUIN UIAUN LLﬂzﬂT‘I@JSJW?TQGVLQL@]QHIHQ‘IJ@’]%V] 10

Treatment | shwwldifian | vwiwinsInzes sviinadszas AMNEAAY
Tdidaw (nnen) Tafow (5 1) | vasldifion (5 a2)
1 13.00£10.36° 1.35+1.19° 0.15+0.09" 4.39+2.06°
2 213.75+236.49° 13.33+6.67° 0.20+0.08" 5.54+0.39°
3 105.25+45.54% 3.79+1.89% 0.17+0.06™ 5.28+0.60%
4 21.25£12.01%° 2.42+1.21% 0.160.09"™ 4.64+2.13%°

A = ° g @ v A o &
AN 11 LFAINANITIANTIIUIN BIRUN LLﬂzﬂ']']NElq']mﬂ\‘]vlﬁl,@ﬂuluﬁﬂ@']%ﬂ 1

Treatment | shuwwldifian | wiwinsInzes dviinadsuas AMNERAY
Tdidaw (nnen) Taifow (5 1) | vasldifon (5 a)
1 10.75+8.46° 3.756.20™ 0.0620.06" 3.492.19"
2 219.25+225.582 14.05+12.94™ 0.21+0.09° 5.49+0.53%
3 102.00+42.95% 7.43+3.27"™ 0.27+0.28° 5.41+0.42°
4 19.50+9.68° 3.60+2.20" 0.18+0.11° 4.53+2.02°

A = o & @ o A o &
ATITN 12 LLRAJNANITANBIIIUIU BIRUN LLﬂZﬂ')']NUW?%QGVLQL@?]%SL%'EX‘L]@’]%‘Y] 12

Treatment | swwldiden | suwinsnzas swineagaes ANALIINRRE
Tdidan (nnen) Tadan (5a2) | vasldifon (5 @)
1 11.00+8.72° 1.00£1.01™ 0.08+0.08° 3.99+2.46°
2 224.50+242.28° 13.50+£15.94"° 0.19+0.09% 5.68+0.58°
3 114.75+33.51% 7.13+£3.30™ 0.19+0.06%° 5.61+0.38°
4 20.75+12.82° 3.78+2.53" 0.74+1.79° 5.41+0.46°
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P = o & o v A o &
M1919N 13 LRAINAINITANTIIUIN WIARUN LLﬂzﬂT']NSJ'TT‘IIQ\‘]VLQL@Q%Iuﬁﬂ@']'ﬂW 13

Treatment | s1wawldiden | wwinsnvas vnwineages ANNENRAE
Tdidaw (nnen) Tafow (5 1) | vasldifion (5 a2)
1 9.25+6.95° 1.70+1.31° 0.08+0.07° 4.31+2.50™
2 217.50+195.38° 15.95+13.76° 0.17+0.06° 5.63+0.73™
3 119.25+20.63% 3.85+0.62° 0.10+0.06" 4.81x0.44™
4 31.50+14.46" 4.28+2.40° 0.14+0.08%° 7.38+11.31"

A = ° b o v A o &
AN 14 LRAINANITANBIIUINL BIRUN LLﬂzﬂTﬁJUWQTQGVLaL@ﬂuluﬁﬂ@']%V] 14

Treatment | I AWIWLALADK Wnwinsnas vnwin@ages ANALIINRAE
Tdidaw (nnen) Taifow (5 1) | vasldifon (5 a)
1 9.75+7.93° 0.98+1.13° 0.09+0.07° 4.05+2.5°
2 210.00+183.16° 16.58+14.42° 0.19+0.072 5.72+0.49°
3 118.25+24.47% 3.95+0.60° 0.12+0.05"° 5.25+0.33°
4 30.50+£15.37° 4.20+2.32° 0.16+0.08% 5.08+1.77°
@15197 15 LEAINANTANENEIWIL Wmnin uazanuavasldidenludlendi 15
Treatment | swawldiden | suwinsnvas dwineagaes ANALIINARE
Tdidan (nne) Tadon (5a2) | vasldifon (5 @)
1 4.50+4.66° 0.25+0.33° 0.01+0.03° 0.43+1.31°
2 128.00+18.06° 7.60+2.05% 0.12+0.04° 4.62+0.55%
3 67.75+62.12° 4.00+3.51° 0.06+0.06° 3.17+1.93°
4 23.00+4.69° 3.45+0.97"° 0.16+0.05% 5.11+1.44°
@151971 16 LEAINANNTANENE WL Hmsin uazanusvasldidonludlenid 16
Treatment | s1wawldiden | wwinsnvas Wnwinaagae ANMNBINRAE

U A >
Tddan (mna)
9

Taifan (5 a2)

asldLfan (5 A7)

19.50+33.81°

0.28+0.38°

0.03+0.05¢

1.11£1.97°

128.00+18.83°

7.73+1.86°

0.15+0.07°

5.17+0.42°
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3 61.00+60.36° 4.25+3.49° 0.09+0.07° 3.47+2.35°

4 24.25+6.60° 3.73+1.04° 0.21+0.092 5.58+0.762

1 & 1 o @ £ 1
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ldur anadunsa iue1s (pH: pH meter) dmavh Wi ludu (EC meter) Usummgaimsludn

aun3uinglu@u (OM: Walklry & buffer method) U3unalulasiaunsnaaludu (Total N; Kjeldahl
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method) Waanasaniduiszlawit (Extractable P; Bray Il & Spectophotometer) USanaslwunades

a J

{ { v . . ¥ A ] =) {
AuaniUfunled (Atomic Absorbsion Spectophotometer) Lazia@duuazdinnibansdluiiaszia

(7
a v 1

AMLINBIAITAT NAINBIAUNTAANAUATA I8 NMIAnwIaTIRwuIilalETagdanulunis

wnziRed ldden (bedding) Axanisdnsassaluil lag

Treatment 1 ﬁai’a@;wazLﬁym"LéﬁﬁaumﬂgaIﬂ wau 2 Alansuda lddan 30 a7

Treatment 2 ﬁafmywwuﬁm"ﬁﬁaugaﬂﬁ un 2 Alansude ld@dan 30 a7

Treatment 3 ﬁafmywwuﬁ?ﬂﬂﬁﬁaugaqm P 2 Alaniuda ldfan 30 a7

Treatment 4 ﬁai’a@;m’wﬁiwamﬁ’mlﬂﬁuﬁa 1 8% yala 1 &% uaz Puaznia 1 8w
nanlwianmuudmainals 1 daw s1wan 2 Alansudaldidon 30 & (NguAILAN)

Qmauﬁ'ﬁmaaﬂmaﬁ'ﬂHa"l,zé'ﬂ,ﬁamzl,mﬂ@i’mﬁ'umu"i’a@;ﬁﬁmﬂ"ﬁwﬁ@]ﬂﬂLwﬂmﬁ'ﬂﬂa:ﬁ
o H oA o o oA A, A A ' A A v A
Iﬂidﬁi’]d“ﬂﬂdi.!ﬂﬂﬂﬂ’]ﬂﬂu fa azwmuﬂs:ﬂaumaamqmmswqjmaUlugﬂwwmmmmgﬂﬂlﬂ@ i

U

§IuUIENoUVAITIANAN BIWTIBINAZTIaMITEINIABu NN TilaNRTdaIn1T Ta1saruqunis
WwigLAulavasisnazmoasusiinmaesyidulevasielaauind (Edwards and Burrows, 1988)

;l’w = = a dll a A 6 a ni <l 6 1 a qul
uaﬂmﬂumumuﬂiznamlaa'ﬁwlmmswmu@amm:gaumwm srianiduilyelumidadn 1009
sImugumaTyiulavasionanssfiafiiaanianywveniunidludldesldidoudu mald
+| Qo v A a = 1 va =) v dl&, =} o va s =3 dv v A/
Jondnyaldidendulunisdgnimezasnali@udlasaiofiu devld@uninivanuaulduniu
ﬁmmiﬂiai’qwgu INATFINIIOTA ITUAZUNINIZANY AN AWANITIZUN8ILAzaNaLaa 1N

v A a A A & ¢ A A o e €1 A v A £

Idunidludundudlomivinunnfizannnsivenloimdudsslordde N ldinaiu

g a = A A o o A P o = & ol a
wananiadunidludundusaninnuyavesldifeudundimansnairudwlmiwaarinalddacd
1 [ Ql o a v J L2 ] L U U
mwmmwmﬂs:mmﬂaaﬂamslu@ulﬂ;gwuvlm qg%uﬂyavl,mﬁaquvlﬂmﬂ NKP laodllulasian 2-
3% lnunaifon 1.85-2.25% uazWaanaiw 1.55-2.25%) uinsnqgamisfiduiszlosi (Am-Euras,
2009) »ananhed il?iwudwijUm‘”ﬂga"l,ﬁlﬁauﬁmmimL@'mi”'a quawﬂ'ﬁmamﬁua:mo%amwiﬂm’fl‘

1 a a A 1 ao\agl/ +| e d'l A o a a o‘aid

NamamimqumnmtyL@mi@madw% Imvlmwuqmauumulqu%maw] JiwugAunidnilana
nannaBzasIdunIunnindondnsymwaiialy (Edwards and Burrows, 1988; Edwards, 2004,
Tomati and Galli, 1995)

MnuanIasaInuIIagunziissl@daunuden pH dinisiinindTanalulasau
WagWady In unsBouuazdunising uNddasuanda lulasiawduadluaisen 17-19 lui'aq

g o A A v & D A A g o A a X ’~ &
wnzidsglddenndanuiunuiBadanalunawizdosldideuinindTanmnmgamims
v = & a X o . @ &< Aa .

lulasan woswada InunaiBonfidan g iAnTudIBEUnY uazlunimaassnisildiunanvadyy

uzwinaganahliiianszuiunsdes|duasiddenlaiauysnl Abbiramy and Ross, 2012 318414
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'j'r’qﬂuzw%'gﬁfuﬁaaﬁﬂsznaumaamsmﬁu lignin ¥1N39¥NIRNTzUIUNNTER LR LFLADUAART LE
atnilafimunalglddeulunisdasyouzwinaztisildiiadannasimdesveasgpuzninle

MIANBIATIRNLINAIEATIEINTBIANTLEY: (nlaTlauiuaaaiiafisuny bedding L3S
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Abstract

Biological and behavioural responses of the tropical earthworm Perionyx excavatus
towards different concentrations of abamectin were evaluated. Abamectin significantly
reduced the biomass and reproduction (cocoon production) of P. excavates as well as
inducing histopathological alterations in the cuticle. Biomass loss was recorded in P.
excavatus exposed to abamectin at a concentration as low as 0.1 mg a.i. kg%, while
atrophy, another physiological response, was observed at abamectin concentration of

0.21 ug cm2in the filter paper test. Cocoon production was significantly reduced in the
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presence of abamectin, and no cocoons were produced at doses of 20 mg a.i. kg or
higher. Extreme pathology, characterized by the loss of the integrity of the whole body
wall and intestine of P. excavates, occurred when exposed to higher concentrations of
abamectin (50 mg kg* soil). Histopathological alterations can be used as a biomarker to
evaluate the toxicological impact of exposure to abamectin.

Key words: Abamectin, Perionyx excavatus, physiological morphology, cocoon

production, histopathology

1.0 Introduction

Agriculture remains an important sector of Malaysia’s economy, contributing 12%
to the national gross domestic product (GDP) and providing employment for 16% of the
population. In 2016, about 4.06 million hectares of land were used for agriculture, of
which vegetable plantations accounted for about 44,000 ha (1.08%). In terms of the
land area used for cultivation, the top five vegetable crops and fruit plants were leaf
mustard, round cabbage, chili, long bean and tomatoes (MAMPU open data, 2016).

During the growth process, these top five vegetable crops and fruit plants are
easily damaged by many insects and diseases, such as the diamondback moth (Plutella
xylostella), various leafminers (mostly Agromyzidae flies and Lepidoptera), two-spotted
spider mite (Tetranychus urticae), tomato russet mite (Aculops lycopersici), armyworms
(Spodoptera sp.) and tomato pinworms (Keiferia lycopersicella) amongst others. The
first record of P. xylostella in Malaysia was reported in 1925 and thereafter it became a
serious pest of crucifers in this region after the mid-1940s (Corbett and Pagden, 1941).
In order to intensify agriculture practices, typically as monocultures, and overcome the
subsequent pest invasions, different pesticides have been applied to control the
outbreaks, including chlorpyrifos, organophosphates, pyrethroid and abamectin (also
known as avermectin). Amongst all the pesticides used, abamectin has been the most
effective at controlling these pest outbreaks (Dybas, 1989).

Abamectin is a mixture of avermectin (80% avermectin Bla and less than 20%
(w/w) avermectin B1b) that is produced by the soil bacterium Streptomyces avermitilis.
Research has clearly shown that abamectin and avermectin have very similar biological

and toxicological properties (Campbell, 1989; Halley et al., 1993). Prior to use as a
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pesticide in agriculture farms, abamectin was used for the treatment and control of
gastrointestinal nematodes as well as to control endo- and ecto-parasite infections in
small ruminants (McKellar, 1997; Chandrawathani and Nurul Aini 2012; Epe and
Kaminsky, 2013). Currently, abamectin is registered (Rl. 01010119921065) for use on
vegetable crops at a recommended application dose of 5 - 27 gha? as a foliar spray
(Lasota and Dybas, 1990). However, most farmers exceed the recommended dosage
and/or spray more frequently (typically as calendar spraying without prior scouting) in an
attempt to ensure its effectiveness. Moreover, the faeces of small ruminants are widely
used as fertilizer. These actions have indirectly caused potential harm to soil organisms,
and predominantly to the earthworms, resulting in a loss of their biodiversity (Hole et al.,
2005).

Earthworms are important underground organisms and are frequently used as
indicators of soil quality as well as contamination levels. Their biological changes (effect
biomarker) and physiological changes are relatively immediate response when they are
exposed to diverse contaminants (Lam and Gray, 2003). These biomarkers have been
reported as early warning tools that can be used as a biological effect measurement.
Lourenco et al. (2011) reported the biological changes (histological alterations in tissue)
in the earthworm Eisenia andrei after exposure to metals and radionuclides. Likewise
the histopathology of Eisinia fetida and the tropical earthworm Eudrilus eugeniae
changed after exposure to imidacloprid (Dittbrenner et al., 2011) and heavy metals
(Fernando et al., 2015), respectively.

Perionyx excavatus, a widely cultured tropical compost earthworm in tropical
regions, has been shown to be suitable as a test species for tropical soils (Maboeta et
al., 1999; An and Lee, 2008, De Silva et al., 2010). It was recently reported that P.
excavatus is more sensitive than temperate earthworm species to three of the
commonly used pesticides; chlorpyrifos, carbofuran and mancozeb (De Silva et al.,
2010). Although a few reports have examined the toxicity of abamectin, they have
focused on temperate earthworm species (Diao et al., 2007; Jensen et al., 2007; Kolar
et al.,, 2008). However, none of them reported the histopathology and physiological

changes in P. excavatus associated with exposure to abamectin. Here we report the
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changes in the histopathology, biomass, behaviour responses and cocoon production in

P. excavatus exposed to abamectin at different concentrations and exposure times.

2.0 Materials and Methods
2.1 Test organism

Adult P. excavatus of 150-300 mg (wet weight) with a well-developed clitellum
were obtained from an in-house culture at the Sakon Nakhon Rajabhat University,
Thailand. The earthworms were acclimatized in the stock soil (section 2.2) for at least a
week and then a day in wet paper without soil before conducting the experiment.

2.2  Test soil and substance

Stock soils were prepared from a 10:3:2:85 weight ratio of fermented leaves :
fermented cow dung: peat moss soil (85%) with the soil moisture content adjusted to
about 50% of the maximum water holding capacity. The soil preparations were mixed by
hand and sieved (size of openings, 2 mm).

Commercial grade abamectin (1.8% (w/v) EC) was purchased from Mitsomboon
Chemical (Thailand) Co. Ltd. Stock solutions of abamectin were diluted with distilled

water to the required nominal concentrations (sections 2.3.1 and 2.3.2).

2.3 Laboratory exposure
2.3.1 Filter paper test

The filter paper test was conducted in a round, flat-bottomed (ID 60 mm, height
30 mm, volume 65 mL) container lined with filter paper. Two mL of the prepared test
concentration (0.0 (control), 0.3, 3, 30, 150, 300, 1,500 and 3,000 mg L) of abamectin
solution was added to the filter paper of each test unit to yield concentrations in the filter
paper of 0 (control), 0.021, 0.21, 2.12, 10.6, 21.2, 106.1 and 212 ug cm?, respectively.
Each treatment was performed with ten replicates, each consisting of one worm per
container and maintained at ambient temperature. The morphology and behaviour of P.
excavates was monitored over the first 10 min after exposure to abamectin, and then

the test containers were maintained at ambient temperature in the dark for 48 h.



66

2.3.2 Abamectin treated soil test

All earthworms were exposed for 2, 7 and 14 d to soil pretreated with abamectin
at different concentrations. Rectangular plastic containers (ID 90 mm, length 145 mm)
were filled with 500 g of the corresponding artificially abamectin contaminated soil (O
(control), 0.1, 1.0, 10, 50, 100, 500 and 1,000 mg a.i. kg™ soil). Ten earthworms were
released into each container with four replicates of each treatment. The tests were
conducted at ambient temperature (30 £ 2 °C) under a constant light intensity of 400-
800 Ix and a 16/8 h light/dark cycle.

A similar working protocol was applied to the reproduction test where the
earthworms were exposed to abamectin at a concentration of 0 (control), 0.1, 1.0, 10,
20, 30, 40 and 50 mg a.i. kg soil for 28 d, except finely ground cow dung (30 g) was
added each week to each container as food.

2.4  Body mass measurements and mortality rate

Before and after the exposure, the earthworms were rinsed with tap water, gently
dried with a paper towel and weighed to give the wet weight. The biomass of each worm
was determined before it was placed into the substrate. Every 7 d up to 28 d the
biomass of all worms in each container was determined. The change in biomass of P.
excavatus was expressed as the percentage of loss according to
formula:100 — (Wx = 100)/Weo, where Weo and Wx are the mean weight of the
earthworms of each replicate at the beginning of the experiment and after x d of
exposure, respectively. A similar experimental design was applied to the filter paper
test, except the exposure time was only 48 h. The mortality rate of earthworm after
exposed to abamectin was determined by counting the average number of the dead
worms and they are only considered dead when the earthworm does not respond to
touch.

2.5 Cocoon production
After 28 d of exposure, the living worms were counted, weighed and then placed
back in the same containers and observed for their ability to produce a cocoon. The

produced cocoons were collected, counted and placed on moist filter paper to
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determine the hatching rate. The newly hatched juveniles were carefully hand-sorted

and counted.

2.6 Analysis of histological alterations

After exposure to abamectin at different concentrations, earthworms were
anesthetised, killed, cut at the first 20 segments (segments 1-20, numbering from
anterior) and then fixed in 10% (w/v) formalin and embedded into paraffin. The 20
segment block was then cut at 5 um thick longitudinal sections and stained with Harris
Hematoxylin and Eosin stain (H&E) as well as a combined method using trichrome
stain, Masson and fast green procedure (LOopez-De Ledn and Rojkind, 1985). The
stainned tissue sections were then observed under a light microscope (Olympus

CX41RF) equipped with Image Pro Express 4.0.1 imaging software.

2.7 Data analysis

One-way ANOVA was used to evaluate the significance of difference among
different treatments on the assessed parameters (biomass loss and cocoon number),
while Turkey’s test was performed to test for the significance of any differences between
the means of different treatments. All statistical analyses were performed using the
Minitab 16 Statistical software and significance was accepted at the P < 0.05 level.

3.0 Results and discussion

3.1  Filter paper test: behavioural monitoring and body mass measurements
The morphology and behaviour of P. excavatus were significantly changed within

48 h of exposure to abamectin (Figure 1). When exposed to the two highest abamectin
concentrations (106.1 and 212 ug cm), P. excavatus reacted with intensive writhing
and jumping, immediately exuded a pungent yellowish liquid (excluded coelomic fluid;
ECF) posteriorly and exhibited a spontaneous twitch-like movement of the whole body.
Constrictions of the posterior end of the body were followed by sluggish movement
within 6 min of exposure. By 8 min of exposure, the posterior end segments of the
worms were nearly completely paralyzed and became rigid and brittle, with slow motion

jerky movements only occurring at the anterior end. Finally, 100% mortality was
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observed within the first 10 min of exposure when earthworm did not respond to
touching. These observations serve as an important criterion in deciding the optimum
toxicity effect of this tropical earthworm for monitoring the use of abamectin as a
pesticide.

At abamectin concentrations of 106.1 and 212 pug cm?, P. excavatus showed
almost complete paralysis and then died within 10 min of exposure (Figure 1G and H).
Total mortality was observed in P. excavatus after a 24-h exposure to 21.2 and 10.6 ug
cm? (Figure 1E and F), and a 48-h exposure to 2.12 and 0.21 ug cm (Figure 1C and
D), respectively. At concentrations higher than 0.21 pg cm, P. excavatus released an
excessive amount of ECF, bleeding and erosion leading to total body wall damage.
After a 48-h exposure to abamectin at 0.21 ug cm2, some of the P. excavatus started to
coil themselves. No mortality was observed after 48 h of exposure to abamectin at a
concentration of 0.021 pg cm (Figure 1B). When the abamectin concentration was
below 21.2 ug cm2, the motile P. excavatus were trying to escape from the container
including the control group (Figure 1A).

Besides these behavioral changes, the presence of abamectin also induced a
body mass reduction over the 48-h exposure period (Table 1). Compared to the control
worms, the two lowest concentrations of abamectin (< 0.21 pg cm™) resulted in
numerically lighter worms, but these were not significantly different to that in the control
group (P > 0.05). However, the highest body mass loss in living worms was observed at
an abamectin concentration of 2.12 ug cm?, which was a significantly larger loss
compared to the control group. It was likely that even higher and significant body mass
losses occurred at abamectin concentrations of 21.2, ug cm2 and higher, but they could
not be measured due to the extremely large volume of excluded ECF from the
earthworms that stuck them tightly to the filter paper.

Physiological adaptations are life history traits that are linked to how earthworms
regulate their metabolism and behaviour upon exposure to toxins, in this case to
abamectin. In this study, on skin contact with abamectin, P. excavates exuded ECF,
which then acted as a protective layer and reduced the surface area in direct contact
with abamectin. In addition to the excretion of ECF, aestivation and coiling were other

responses observed in P. excavatus upon exposure to abamectin. Morphological
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changes, body mass changes and excretion of ECF are the responses most frequently
observed and reported responses in earthworms as acute signs of a toxicological effect
(Dittbrenner et al., 2010, Katagi and Ose, 2015).

3.2 Abamectin-treated soil test: behavioural responses, body mass changes and
mortality levels

A similar behavior by P. excavates was observed in the 48-h soil exposure test.
At the highest tested abamectin concentrations (500 and 1000 mg a.i. kg soil), P.
excavatus reacted with intensive writhing and jumping followed by 100% mortality within
the first 30 min of exposure. Although no obvious behavioral response was observed in
P. excavatus when exposed to 100 mg a.i. kg* and lower concentrations of abamectin,
100% and 90% mortality was observed after exposure for 24 h and 48 h at 100 and 50
mg a.i. kg?!, respectively. No mortality was observed for the lower abamectin
concentrations (0.1 — 10 mg a.i. kg?) or the control group in the first 48 h of exposure.

Comparison of the soil test with the filter paper test revealed that the earthworms
had broadly similar reactions when exposed to higher concentrations of abamectin, but
that the soil test was less sensitive. The presence of the soil likely greatly reduced the
exposed surface area of the worm and so lead to a lower bioavailability of abamectin to
P. excavatus in soil, as well as adding a different toxic mechanism. This is mainly
because in the soil, abamectin is bound firmly to the organic carbon in soil particles
(Virginia et al., 1990) but can be ingested by the worms through feeding or burrowing
and so absorbed through the gut (Zang et al., 2000). Without soil, the body surface of
the earthworm is in direct contact with abamectin and hence show the increased
toxicity. Similar results were reported in E. fetida, where the estimated toxicity to
abamectin was higher in the filter paper test compared to that in the artificial soil test
(Sun et al., 2005), and in another similar study this toxicity was reported to differ
between the two tests by about 200-fold (Zang et al., 2000).

Prolonged exposure to abamectin for up to 7 d revealed no significant mortality
between the control group and those exposed to abamectin at less than 10 mg a.i. kg™.
However, a longer exposure period (14 d) significantly (P < 0.05) increased the mortality

of P. excavatus by approximately 2.5 - 7.5% for abamectin concentrations of less than
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10 mg a.i. kg*. A similar trend was observed in P. excavatus when exposed to
abamectin at 50 mg a.i. kg (Figure 2). The surviving worms (<50 mg a.i. kg') had a
tendency to show a decreased biomass (Figure 3) in the presence of abamectin in the
test soil. The only increment in biomass was exhibited by those in the uncontaminated
soil (control group), as even the presence of abamectin at the very low concentration of
0.1 mg a.i. kg* resulted in a significant reduction in the average biomass (P < 0.05).
The biomass loss at day 7 was the least at the lowest abamectin concentration (0.1 mg
a.i. kgl) at 5.1%, some five-fold less than the biomass loss at an abamectin
concentration of 50 mg a.i. kg-1 (20.7%), although the highest biomass loss
(approximately 30%) was observed with abamectin at 0.1 and 10 mg a.i. kgt. A broadly
similar trend was observed after a longer exposure period (14-d), with the significantly
highest biomass loss seen at abamectin concentrations above 1.0 mg a.i. kg? (35.2 —
48%) and the biomass loss (13.0%) at the lowest abamectin concentrations (0.1 mg a.i.
kg?).

Asides compromised metabolism, biomass loss in earthworms caused by
contaminants can result from the use of energy reserves for toxin elimination (Johnston
et al., 2014) as well as for diverting the energy reserved for reproduction. Under these
conditions, tissue is catabolized to support reproduction, resulting in a net weight loss
(Maboeta et al., 2004, Johnston et al., 2014). Biomass loss in earthworms can also be
due to reduced feeding and increased movement from trying to escape, resulting in a
reduced energy input and increased energy output shifting the balance to a negative
energy gain. However, the relevance of this notion to the effects of abamectin on P.
excavatus has yet to be confirmed.

After 28 d of exposure to abamectin at concentrations higher than 10 mg a.i. kg1,
the surviving P. excavatus showed fragmentation of their segments, amputation at the
posterior end and became very thin and shorter. A significantly higher mortality rate (83-
98%; P<0.05) and biomass loss (90.3 - 97.3%) was found with abamectin
concentrations of 10-50 mg a.i. kgt compared to those at 1.0 (20%, 57.3%) and 0.1
(2.5%, 24.8%) mg a.i. kg, although the control group showed an increment in biomass
(67.7%) without any mortality (Figure 4).
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With respect to very low abamectin concentrations (0.1 and 1.0 mg a.i. kg?), the
biomass loss of P. excavatus was more sensitive than the mortality in indicating the
toxic effects of abamectin. Biomass loss in earthworms has previously been reported for
fungicides (Helling et al., 2000) and pesticides (De Silva et al., 2010, Dominguez et al.,
2015, Nunes et al., 2016), where it appeared to be a good indicator of physiological
stress.

3.3 Cocoon production

In addition to the reduced biomass and increased mortality (section 3.2)
reproduction in P. excavatus was also significantly (P < 0.05) reduced when exposed to
sublethal concentrations of abamectin. No juveniles or cocoons were found in the soil
treated with abamectin at 20 mg a.i. kg or higher concentration after 28 d.

An average of nearly 44.3 juveniles were produced per worm in the control soil.
The number of offspring equalled the number of cocoons which, since this species
generally have just one offspring per cocoon (Edwards et al. 1998; Bhattacharjee and
Chaudhuri, 2002), gives a hatchling rate of almost 100%. The number of offspring
numerically decreased as the abamectin concentration increased (Table 2), and this
was significantly lower (P < 0.05) at abamectin concentrations of 10 mg a.i. kg* and
higher. Amongst all produced juveniles (375 individuals), two (0.53%) were found to
have an abnormal morphology, including having two heads (Figure 5) at an abamectin
concentration of 10 mg.a.i kg*. However, perhaps due to the small sample size, this
frequency of occurrence is not significant compared to the control and the lower
concentration of abamectin (P = 0.073).

The average reproduction rate (1.4 cocoons worm™ d-! per day) is very similar to
the number obtained by Reinecke and Hallatt (1989) under an environmental controlled
chamber, but is just over 3.3-fold higher than that reported by Karmegam and Daniel
(2009), at 0.42 cocoons worm dt. However, this reproduction rate is still very low as
compared to the 80-92 juveniles reported by De Silva et al. (2010).

Regardless, there was a similar trend of an increasing dosage of toxin
significantly reducing the number of juveniles produced. Jensen et al. (2007) evaluated
the toxic effect of abamectin using Eisenia fetida, and found no cocoons were produced
by E. fetida at an abamectin soil concentration of 5 mg a.i kg'* while cocoon production



72

was reduced by more than 50% at 1 mg a.i. kgt. Gaupp-Berghausen et al. (2015) also
reported a decreased reproduction of Lumbricus terrestris and Aporrectodea caliginosa

with increasing glyphosate dosages.

3.4  Histological alterations of the earthworm’s body wall and intestines

Generally, the body wall of Perionyx excavatus has three layers, namely the
epidermis (E), circular muscle (CM) and longitudinal muscle (LM), as shown in Figure
6A. The presence of abamectin caused histological alterations in these three layers.
Abamectin at a very low concentration (0.021 pg cm) did not cause a morphological
change to the body wall, but caused an infarction in the body wall prior to the loss or
subtle of Masson’s trichrome stain (Figure 6B). With increasing abamectin
concentrations the morphology of the body wall started to show changes, where at 0.21
ug cm2 the mucocytes of the epidermis (E) showed an irregular surface and cellular
compartmentation (Figure 6C). Further increasing the concentration of abamectin to
2.12 ug cm?induced an extreme pathology of the body wall of P. excavates, where the
whole body wall lost its intact nature (Figure 6D). Besides the body wall, histological
observation also showed the disintegration of the E, CM and LM of the clitellum (Figure
7A-D).

The intestine of P. excavatus from the control treatment consisted of the
epithelium (EP), CM and chloragogenous cells (ChC), as shown in Figure 8A.
Histopathological changes in the transverse section of the intestine of P. excavatus (EP
and ChC), during exposure to abamectin at 50 mg a.i. kg* were evident. As shown in
Figure 8B, the nicely arranged villi and feathering of the epithelium surface were
damaged with clear evidence of necrosis in the EP. In addition, the ChC were totally
detached with the muscle layer.

A number of studies have evaluated the effect of abamectin on Eisenia fetida
(Jensen et al.,, 2007; Torkani et al., 2011), Eisenia andrei (Kolar et al., 2008) and
Lumbricus terrestris (Torkhani et al., 2011). However, no published data is available on
the histopathology induced by abamectin. Nevertheless, histopathological changes in
earthworms have frequently been reported after exposure organic and heavy metal
pollutants (Reddy and Rao, 2008; Kilic, 2011), insecticides (Wang et al., 2015),
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pesticides (Saxena et al., 2014; Rico et al., 2016) and herbicides (Morowati, 2000).
Disintegration of the body wall, damage to the muscles layers and deformation of the
ChC were the most common responses observed and reported in earthworms after
exposure to pesticides. However, no hypertrophy was observed in this study when P.
excavatus was exposed to abamectin. Atrophy is the general physiological process of
tissue breakdown, and as a result, the body wall of the earthworm becomes thinner.
This is most probably because of the mechanism of action of abamectin that inhibits
transmission between inhibitory motoneurons and muscles (Shoop et al. 1995; Ding et
al. 2001) and so results in a slow-onset rigid paralysis. However, this hypothesis is yet
to be confirmed.

According to Markad et al. (2015), the histological changes in earthworms when
exposed to contaminated soil or the contaminant itself are caused by a reinforced
biochemical and cytogenotoxic response, where the membrane lipid in the exposed
earthworms is seriously deleterious, mainly because the antioxidant defence system of
the organism is insufficient to handle the introduced substances. The results of this
study showed a similar response profile, where the higher the concentration of
abamectin, the more seriously damaged was the body wall and digestive system.
Biomarkers such as morphological and histological alterations, are helpful and can be
an important element in the ecological risk assessment of soil conditions as well as a
tool to assess the pesticide toxicity on earthworms.

4.0 Conclusion

In summary, we demonstrated that abamectin has significant effects on P.
excavatus, including concentration-dependent distinct morphological changes, biomass
loss, reduced cocoon production and histological alterations. Abamectin is widely used
in tropical countries to overcome different phytophagous pests in agricultural farms.
Farmers may start applications from the recommended dosage (5-27 g hal) but
typically progress to higher effective dosages depending upon local conditions and pest
resistance in an attempt to ensure its effectiveness. This can control the pest outbreak,
but the effect of abamectin on the underground organisms including earthworms (the

soil engineer) remain largely unknown.
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From the results of this study, the drawback of the high dosage application of
abamectin is that the growth and reproduction of the tropical earthworm P. excavatus is
significantly detrimentally affected. Moreover, pesticides are often applied as cocktails,
and the additive or synergistic effects of other pesticide residues in the soil with
abamectin on soil organisms remains to be determined. Future and more detailed
studies are necessary to study the effect of abamectin on ecologically different
earthworms or other earthworms that are found surrounding vegetable farms and their

histopatological alterations.
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Figure captions

Figure 1. Representative morphological changes shown by P. excavatus after a 48-h
exposure to abamectin on filter paper at concentrations of (A) O (control), (B) 0.021, (C)
0.21, (D) 2.12, (E) 10.6, (F) 21.2, (G) 106.1 and (H) 212 ug cm™. Insert at line 166 page
6

Figure 2. Mortality rate of adult P. excavatus after a 7- and 14-d exposure to different
doses of abamectin. Data are shown as the mean = 1SD, derived from four replications.
Means with a different letter are significantly different (ANOVA: Tukey’s test; P < 0.05).
Insert at line 238 page 8

Figure 3. Biomass loss of adult P. excavatus after a 7- and 14-d exposure to different
doses of abamectin. Data are shown as the mean = 1SD, derived from four replications.
Means with a different letter are significantly different (ANOVA: Tukey’s test; P < 0.05).
Insert at line 239 page 8

Figure 4. Biomass loss and mortality rate of adult P. excavatus after 28 d of exposure to
different doses of abamectin. Data are shown as the mean = SD, derived from four
replications. Means with a different letter are significantly different (ANOVA: Tukey’s
test; P < 0.05). Insert at line 266 page 9
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Figure 5. Abnormal morphology (white circled) shown by a newly hatched P. excavatus
offspring produced in an abamectin concentration of 10 mg a.i. kg. Insert at line 285
page 10

Figure 6. Histological changes observed in longitudinal sections of the epidermal
surface in P. excavatus after exposure to abamectin on filter paper at (A) O (control), (B)
0.021, (C) 0.21 and (D) 2.12 ug cm™. (A) Epidermis and muscles layer in control
earthworms, (B) an infarction in body wall prior to the loss or subtle of Masson’s
trichrome stain in the epidermis and muscle layers, (C) atrophy response with
mucocytes of the epidermis showing an irregular surface and cellular compartmentation
and (D) an extreme pathology characterized by a loss of the integrity of the whole body
wall. Key: EP epidermis, CM circular muscle layer, LM longitudinal muscle layer,
*disrupted cellular compartmentation and an increased occurrence of intercellular
spaces, ¥ the thinning and dispersion of epidermis, circular and longitudinal muscle
layer. Insert at line 304 page 10

Figure 7. Histological changes observed in longitudinal section of the clitellum in P.
excavatus to abamectin after exposure to abamectin on filter paper at (A) O (control), (B)
0.021, (C) 0.21 and (D) 2.12 ug cm2. (A) Normal clitellum (control), (B) Loss or subtle of
Masson’s trichrome stain in the clitellum, loss of cell shape and structural organization
of the muscle layer and drastic damage in the clitellum, (C,D); { disrupted cellular
compartmentation and an increased occurrence of intercellular spaces. Key: * cell
disintegrated. Insert at line 315 page 11

Figure 8. Effect of abamectin on the intestine tissue of P. excavatus after a 48-h
exposure to abamectin at (A) 0 (control) or (B) 50 mg kg soil showing the irregular cell
shape, cellular compartmentation with almost total damage to the epithellum (EP) and
chloragogue cells (ChC). Key: * cytoplasm of sparse density, intercellular space
enhanced and ChC totally detached with the circular muscles layer (CM). Insert at line
317 page 11
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List of Tables
Table 1. Biomass loss and mortality rate of P. excavatus after a 48-h exposure to

abamectin.
Abamectin Abamectin .
conbcaclante}gttion concentration B|omaoss loss Mortality rate
(mg L) (ug cm2)! o)
0.0 (Control) 0.0 (Control)  10.77 +5.86° 0.00
0.3 0.021 12.11 +4.33° 10.00
3.0 0.21 15.22 +5.70° 30.00
30 2.12 21.39+11.732 97.50
150 10.6 nil* 100.00
300 21.2 nil* 100.00 t Derived from
1500 106.1 nil* 100.00
3000 212 nil* 10000 e actual

concentration (X
mg L) by 2x/91 ng cm?
*nil = At abamectin concentrations higher than 2.12 pg cm the biomass loss could not
be reliably measured due to the deformed shape of P. excavatus and their strong

attachment to the filter paper.

Insert at line 190 page 7
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Srisonchai, R., Enghoff, H., Likhitrakarn, N. and Panha, S. A revision of dragon
millipedes IV: the new genus Spinaxytes, with the description of nine new species

(Diplopoda, Polydesmida, Paradoxosomatidae). ZooKeys.

a8 3e1119n1719213i% (Review)

1.

Jirapatrasilp, P., Backeljau, T., Prasankok, P., Chanabun, R. and Panha, S. Untagling a
mess of worms: Morphological crypsis and variability, and mitochondrial lineages in
semi-aquatic earthworms (Almidae, Glyphidrilus) revealed by species delimitation.

Cladistic (in revision).
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Awatuas lUsun1sNA1TWIANUN (Manuscripts Submitted)

1. Nantarat, N. and Panha, S. Cryptic diversity within the operculated land snail
Cyclophorus volvulus species complex (Cyclophoroidea, Cyclophoridae) in Thailand:
Evidence from a multilocus species delimitation approach. Scientific Report.

2. Ng, BeeWah, Chanabun, R. and Panha. Biological and physiological responses of
Perionyx excavatus to abamectin. Chemosphere.

3. Inkhavilay, K., Sutcharit, C., Bantaowong, U., Chanabun, R., Siriwut, W., Srisonchai, R.,
Polyotha, A., Jirapatrasilp, P. and Panha, S. Annotated checklist of the terrestrial
molluscs from Laos (Gastropoda: Neritimorpha: Caenogastropoda and Heterobranchia).

ZooKeys.
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1.

Somsak Panha, Chirasak Sutcharit, Piyoros Tongkerd, Ekgachai Jeratthitikul, Warut
Siriwut, Ng Beewah, Khamla Inkhavilay and Kyaw Saw. 2016. The Southeast ASEAN
limestone ecosystems: The lost world is an ultimate treasure that will support the United
Nations sustainable development goals. A keynote lecture abstract at The fourth
workshop on Science and Technology Cooperation, Xishuangbanna Tropical Botanical
Garden, CAS, 21-24 November, 2016, pp. 17-18.

Somsak Panha. 2017. Comments on Biodiversity at The Road Ahead: Toyota and
IUCN Red List of the Threatened species, the power of private sector engagement for
biodiversity conservation, 23 May 2017, Hilton Hotel Sukhumvit, Bangkok.

Somsak Panha. 2017. Accelerating Classical Taxonomy. Keynote Lecture at 18" BRT
Conference, 21-23 June 2017 at Napalai Hotel, Udonthani.

Somsak Panha, 2017. Thailand Biodiversity: A complete volume. Keynote Lecture at 7"
TST Conference, 26-28 June 2017, Ramkhamheang University, Bangkok.

Somsak Panha, Arthit Polyotha, Khamla Inkhavilay, Piyoros Tongkerd and Chirasak
Sutcharit. 2017. Biogeography of the mainland Southeast Asian tree snail genus
Amphidromus and some genera of the ariophantid ground snails. A Keynote Lecture at
Third International Conference on Southeast Asian Gateway Evolution (SAGE 2017), 28
August — 1 September 2017, Bogor, Indonesia.

audnd Toymi. naiewidas ‘aharssgiannnuisy Tunsdseguilszddndide
anla ani. wuinIpiulng, Fufl 11 an31ay 2560, 159us0iaas5Iauy 7260,

FUANA T, “@nuRAINRaETIEInIw lumsihudszguanznswnaniatneids
ﬂ’J’]&l‘ﬁﬂ’]ﬂ‘ﬁa’]UV]’]G%’JJ’]’WWLLﬂxiz‘U‘UﬁL’)ﬂLﬁiﬂﬂ’]iﬂkla%’ﬂ‘lﬂ'fl,mﬂ‘ﬁ/ﬂixiﬂ“ﬁﬁﬂEi’]x‘]ﬂi‘iﬁ%@ﬂll
LL%’JW?Z?’]‘E@%’]?&&JLﬁﬁ]Wiszf@%ﬁ’]‘ﬁqu ﬁEl’]@JfIJ‘JSJTﬂTQ&H%‘ Lﬁai’uﬁ 6 YnNIAN 2560
% MUNNUANTTIMINAW AN EAsULazna lwladursdszinelng (8IND.).
aueng w1 wianmsiidannasninaunus ing ajq@amﬂﬁum‘%iaaﬁflmmmuﬁ
Ing. mansineiudylumsdssgualandiinmaaasuiima Tufl 16 Faman 2560
o WAL TUNRIININRUTITAANAUAT WINIAFNAUAT.

qUANG ﬁmum. MIFEIWNTBI “ANNANINANILNITINIWIRLWING 4.07 luﬂﬁiﬂiz“gu
WANTINTTLUWITE 2560 Wil 25 Favnan 2560. 1SIUTNLTUNTIUNTUG L3adiNTa

leiuma{ﬂ‘gamwed.



99

10. auﬁ'ﬂ§€ﬂmu%’1. AIL&IUN Power of We for Limitless Innovation 1437% Innovation Bazarr
2017 $uil 14 $unawN 2560 M USHN LaAisH Ganes (Uszinelng) $aia

11. audnd fywn. uTsefies “Biodiversity Collection: Different Vision.......Different
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W 25 1w Keynote Lecture Iumiﬂizq&l The fourth workshop on Science and Technology

Cooperation, Xishuangbanna Tropical Botanical Garden, CAS, 21-24 November, 2016
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AWA 29 ma‘vlﬂa"ammm Power of We for Limitless Innovation Imm Innovation Bazarr 2017

TUN 14 TUNAN 2560  USBEN XA Ginea (Uszinalng) 4na

M3LATUIIIA

1. Anchalee Tassanakajon, Supot Hannongbua, Kritsana Neamanee and Somsak Panha.
Environmental Friendly Tropical Snail Farming Generates Premium Grade Cosmetic
Products, Gold Medal from 44™ International Exhibition and Invention of Geneva 2016.

2. ST NAWI9T ANANG Tym nowoe Woand wazgwalk mInueIth \A3898184
ﬂﬂgaﬁqﬁnmﬁaﬂmmmﬂvlm MelauuIUARIUaLEN (SNAIL 8). T1IANAANMTiLaa
Honvestlszinelng sz 2559 (Premium Products of Thailand) The Pride of Thais.

3. Gregory D. Edgecombe, Warut Siriwut, Chirasak Sutcharit, Piyoros Tongkerd and
Somsak Panha. 2017. TOP TEN AWARD for species exploration from The International
Institute for Species Exploration (IISE), for the Discovery of Remarkable New Species,

Scolopendra cataracta, May 23, 2017.



103

3 la5UNSULAIAI L HAMENTTNNNTTEALLR WIWIZA
1, ﬂm:ﬂii&lﬂﬁim%ﬂ‘ﬂ’]El’?ﬁﬁlﬂ’)’]&l%a’m%aﬁEW]’N%’JJ‘I’]WLL&:S:UUﬁL’JﬂLﬁﬂﬂ’]iﬂk&fﬂ‘l&ﬁLﬂﬂ‘ﬁ/
ﬂiﬂﬂ“ﬁﬁasms]"'aﬁu@nuLmensﬁm‘h‘%amﬁaws:mw%‘mqum% GHRIREERY yEVE)
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3. Lﬂuﬂi:ﬁ’m?ﬁ'@ﬂizqw ICM 2017 International Conference on Myriapodology AsIuINAsA
ifulmm%tl Szﬁ’hdfuﬁ 23-27 nINFH1AA 2560 th Krabi Maritime Resort & Hotel
4. President of Southeast Asian Malacological Society (SAMS) @L3N
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ol the Malacological Socio(
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2. MFATITRRBLNINRENY Cryptozona siamensis wazrasnbUdangn Semperula

siamensis Lﬂaa%”'mfmﬁwmagmlmj Snail8 by Siam Snail
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Copenhagen University, Denmark; Royal Belgian Museum of Natural History, Belgium, The Natural
History Museum, London; University of lowa, USA; Shinshu University, Japan; Nagoya University
and Chubu University, Nagoya, Japan; National University of Singapore; Univeristi Sains Malaysia,
Penang; Yangon University, Myanmar; National University of Laos, Laos PDR ﬂﬁlqu”uﬁm’]miwﬁu
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6.2.1

Postdoc
BEE WAH NG
Email: beewah] 28 1ia@yahoo.com Tel. Mo: +6012-4598660
Address: 6, Lorong Bakap Indah 6/'4, Taman Bakap Indah, 14200 Sungai Jawi, Pulau Pinang, Malaysia.
EDUCATION
Doctor of Philosophy
Universiti Sains Malaysia March 2010- April 2016

Thesis title: Growth profile and liped compositon of locally isclated benthic diatom Amphora
subgucutinscula (Schoeman, 1972) under diffevent cultivation condifions.

Master of Science

Universih Sains Malaysia 2006~ Japuary 2009
Thezis title: Biological aspects and the development of larvae and juvenile of the Angelwing clam
Pholas orientalis (Gmeln 1791).

Bachelor of Science (2™ Upper Honours, 3.633)

Universiti Malaysia Terengganu 2002- March 2005
Thezns fitle: Feedng incidence of mangrove golden snapper (Lutjamus johom) feed wath wald
zooplankion.

WORK EXPERINCE

Department of Biology, Faculty of Science, Chulalongkorn University
Postdoctoral fellow (Apnl 2016 — Present)

School of Chemical Engineering, Undversiti Sains Malaysia

Research assistant (March 2009 — March 2015)

&n.&mgﬁnal]reaz Mse. a.miPlLDsmdemstucnmple'laﬂlm:pm]eﬂ

School of Biological Sciences, Universiti Sains Mala::sm

Laborztory tutor (Jamuary 2006 — February 2009)

Modules taught: Zoology, Marine and coastal studies.

Inveolved in taxonemic myventory surveys and field samphng for terrestrial land snails.

PUBLICATIONS

Neg, B. W., Bantaowong, U, Tongkerd, P, Panha 5. 2018. Descnption of two new species of the
earthworm genus, Mataphire (Clitellata: Megascolecidae), from Eedah Pemisula Malaysia.
Raffles Bullstin of Zoclogy, 66: 132-141.

Ng, B. W., Bantaowong, U, Chanabun, B, Tongkerd, P, Panha 5. 2017. Geographic variations in the
size and behavior m common earthworms Metaphire peguana (Rosa, 1890) in Penang and
neighbonng states, Malaysia. European Journal of Soul Biology, 82: 108-115.

Ng, B. W, Almad AL. Derek, CJ.C., Aileen T.SH Changes in lipid profile of a tropical bentlue
&mmd:ﬂam:ﬂhimtm Asian J. Appl Sci. Enginesring. 2015, 4(2), 91-101.

Toh, P. Y., Ng, B. W,, Chong, C. H, Ahmad L. A Yang J-W, Chan D. T C, Lim J K
Maglmhuplmmu:ﬂpmtmnfnnﬂoal : The role of nanoparticles and polymer binder in
harvesting biofuel RSC 4dv. 2014, 4, 41144121

Toh, P. ¥ Ng, B. W, Ahmad A T Derek C. J. C, Lim J E Magnetophoretic separation of
Chlorella sp.: Role of cationic polymer binder. Process Sqff Emviron. 2014, 92, 515-521.

Toh, P. Y Ng,B.W_, Abmad A L. Derek C.I €. Lim J E The role of particle-to-cell interachons
in dictating the nanoparticle aided magnetophoretic separation of microalgal cell. Nanoscals.
2014, 6, 12838-12848.

Lim I.E Derek C.JC_ Jalak 5 A Tobh P. Y., Yasimn N H M, Ng,B. W Ahmad A L Eamd

magnetophoretic separation of microalgae. Small 2012, 5, 16831692,
Toh, P. ¥, Yeap, 5. P, Eong, L. P, Ng, B. W, Chan, D. J. C, Abmad A L, Lim J K
hhgnﬁ:phmehnrmalufmmﬂgﬁ&ﬁmﬁshmimtu‘Feaﬂhlﬂyoihghgmﬂmtnﬂ
low gradient mapnetc separation. Chem. Eng. J. 20012, 211-212, 22-30.
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Ting Hui NG
address: 2321, CU iHouse, 268 Chulalongkorn 500 9, Charasmuang Road, Pathurmwan, 10330 Bangkok, Thailand
Email: ng.tinghuil&&gmail.com Tel. Mo.: +66-947502268
EDUCATION
Doctor of Philosophy 2016

National University of Singapore

Dissertation topic: Introduction and impacts of gastropods in Singapore's fresh waters

Bachelor of Science in Life Sdences (2™ Upper Honours) 2008
National University of Singapore

Thesis: Autecology of the feral fish, Etroplus suratensis in the coastal waters of Singapore

EMPLOYMENT

Department of Biology, Chulalongkorn University, Thailand Apr 201 7-present
Postdoctoral Fellow

Project: Investigating the current status of native freshwater apple snails of the genus Pilg

and impacts of introduced Pomacen spp. in Thailand

Raffles Museum of Biodiversity Research, Mational University of Singapore 20092011
Praject Manager

Project: Broad-based Biodiversity Study of Singapore’s Reservoirs

Raffles Museum of Biodiversity Research, Mational University of Singapore 20082009
Research Assistant

Project: Broad-based Biodiversity Study of Singapore’s Reservoirs

PUBLICATIONS

Mg TH, ¥ Limpanont, ¥ Chusongsang, P Chusongsang, 5 Panha (in press) Annotated catalogue of the types of Indo-
Burmese non-marine Gastropoda deposited in the Faculty of Tropical Medicine, Mahidol University, Thailand.
Molluscan Research

Mg TH, 5K Tan, A Ahmad, VT Do, RC Joshi, WY Wang, HH Tan, DCI Yeo (in press) Mot in the Least Concern:
anthropogenic influences on a Southeast Asian apple snail pily scutota (Ampullariidae). Gryx

Mg TH, ¥ Limpanont, ¥ Chusongsang, P Chusongsang, 5 Panha (2018) Correcting misidentifications and first
confirmation of the globally-invasive Physo ocuta Drapamaud, 1805 (Gastropoda: Physidae) in Thailand and
Laos. Bieinvasions Records 7(1): 1519

Mg TH, 5K Tan, DCI Yeo (2017) South American apple snails, Pomacea spp. (Ampullariidae), in Singapore. in: RC
Joshi, RH Cowie, LS Sebastian (eds), Biology and Management of Invasive Apple Snails. Philippine Rice Research
Institute, Nueva Ecija, pp 221-239

Mg TH, | Dulipat, JK Foon, M Lopes-Lima, A Zieritz, TS Liew (2017) Annotated preliminary checklist of the
frashwrater snails of 5abah (Malaysian Borneo), deposited at BOANEENSE collection, Universiti Malaysia Sabah.
ZooKeys 673: 105-123

Mg TH, J¥ Foon, 5K Tan, MEE Chan, D:C) Yeo [2016) First non-native establishment of the camivorous assassin snail,
Anentome hefena (von dem Busch in Philippi, 1847). Bioinvasions Records 5(3): 143—148

Mg TH, 5K Tan, WH Wong, R Meier, 5¥ Chan, HH Tan, DCJ Yeo [2016) Molluscs for sale: assessment of freshwater
gastropods and bivalves in the srmamental pet trade. PLOS One 11(8): e0161130

NE TH, IH Liew, IZE Song, DCI Yeo (2016) First record of the cryptic invader Pyrgophovus platyrochis Thompson,
1968 |Gastropoda: Truncatelloidea: Cochliopidae) outside the Americas. Biolnvasions Records 5: 75—80
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6.22 naalsyyan

Teerapong Seesamut

Email: d_cubt&hotmail .com Tel. No.: +66-846148387
Address: D-rich residence 398, Chanmuang 2 Lane, Chanmuang Road, Dindang Sub-district, Dindang District,
Bangkok, 10400

EDUCATION

Doctor of Philosophy 2014-present
chulalongkom University

Thesis: Taxonomy and systematic of earthworm genus Pontodrilus Perrier, 1874 in Thailand

Bachelor of Sdence in Biology (1™ Honours) 2011-2014
Maresuan University

Thesis: Effect of Egg Woman | Phyiionthus amarus) Extract on Complement C3 Expression in

Nile Tilapia | recchromis niloticus) by Real Time RT-PCR Technigue

PUBLICATIONS

Sesesamut, T., Sutcharit, €., limpatrasilp, P., Chanabun, k. and Panha, 5. 2018. Morphological and molecular
evidence reveal a new species of the earthworm genus Pontodilus Perrier, 1874 (Clitellata, Megascolecidas)
from Thailand and Peninsular Malaysia. Z007TAXA, (in press).

Sesesamut, T. and Yimtragool, N. 2014. Effect of Egg Woman [Phylanthus amarus) Extract on Complement C3
Expression in Nile Tilapia |Oreochromis niloticus) by Real Time RT-PCR Technique. Buropha soience journal, 19:
63-70.

CONFEREMNCE PRESENTATIONS

Seesamut, T. and Yimtragool, M. 2014. Effect of Egg Woman (Phyllonthus amarus) Extract on Complement C3
Expression in Nile Tilapia (Oreschromis niloticus) by Real Time RT-PCR Technique. Oral presentation at 6%
National Science Research Conference. March 207 to 21*. Burapha University, Thailand.

Seesamut, T., Tongkerd, P., Sutcharit, C., Chanabun, R., Bantaowong, U, Mg, B. and Panha, 5. 2016. The first
taxonomic study on the genus Pontodnius Perrier, 1874 in Thailand and Malaysia. Oral presentation at 6
Conference on Taxonomy and Systematics in Thailand. May 25% to 27%. Faculty of Scence, kKhon Kaen
University, Thailand.

Seesamut, T., Tongkerd, P., Sutcharit, C., Chanabumn, R. and Panha, 5. 2007. DMA barcoding and taxonomy of the
earthworms genus Pontodrilus Perrier, 1874, Oral presentation at 7% Conference on Taxonomy and
Systematics in Thailand. June 26 to 28, Faculty of Scence, Ramkhamhaeng University, Thailand.

Sesesamut, T., Tongkerd, P., Sutcharit, C., Chanabun, A. and Panha, 5. 2017. DMA barcoding and taxonomy of the
earthworms genus Pontodrilus Perrier, 1874. Poster presentztion at 3™ Sowutheast Asian Gateway
Evolution Meeting_ August 28* to September 1. Bogor, indonesia.

Sessamut, T., Tongkerd, P, Sutcharit, C., Chanabun, R. and Panha, 5. 2017. An analysis proving the two separated
biogeographic biological species of the earthworms genus Pontodrilus Perrier, 1874. Oral presentation at
22™ piological Scences Graduate Congress. December 19" to 21™ Mational University of Singapore,
Singapore.
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Parin IRAPATEASILP

Email: parin_shayo@&hotmail com Tel. No. : #662218-5273
address: 6 5o0i Chan 43,11, Sathon, Bangkok, 10120, Thailand

EDTCATION
Thscir [: %8 i
chulalongkom University

Dissertation topic: Phylogeography and genetic variation of semi-aguatic earthworms genus Glyphidriius Horst,
1EE0 in Lower Mekong River basin

Dayres axpecsad ro be cogfirred By Jomary 2P

Nov 2012—-Jan 2019

Bachdiar of EdsraSan [Soimer-Bislegy], Firsdas basser dogree

srinakharinwirot University

Senior project: Karyotype of African Nightcrawler [Eudnilus eugenioe)

May 2007—-Mar 2012

WORK EXFERIFENTE

Drpartomcet of BislegT. Facaliy of S, Chaluoapkors Tarorstr

Part-time Teaching Assistant in Thailand Biclogy Olympiad Camp

Modules taught: Worms: Platyhelminthes, Nematoda, Annelida
: Invertebrate laboratory

2016-2018

FUBLICATIONS

1. lirapatrasilp, P., Prasankok, P., Chanabun, F_, and Panha, 5. (2015). Allozyme data reveal genetic diversity
and isolation by distance in sympatric Glyphidrifus Horst, 1889 |Oligochaeta: Almidae) of the Lower Mekong
Riwer Basin. Biochemical Systematics and Ecology. 61: 35-43.

2. lirapatrasilp, P., Prasankok, ., Sutcharit, C., Chanabun, R, and Panha, 5. (2016). Two new Cambodian semi-
aguatic earthworms in the genus Glyphidrilus Horst, 1889 (Oligochaeta, Almidae), based on morphological and
maolecular data. Zootaxa. 4189 (3): 543-558.

3. Likhitrakarm, M., Jirapatrasilp, P., Golovatch, 5.1, and Panha, 5. (2017). A chedklist of the millipedes
(miplopoda) of Myanmar, with an updated list of Leonardo Fea's collecting localities. Zootaxa. 4350 (1): 1-46.
4, Sessamut, T., Sutcharit, C., lirapatrasilp, P., Chanabun, R., and Panha, 5. (2018). Morphological and
maolecular evidence reveal a new spedes of the earthworm genus Pontodrilus Perrier, 1874 (Clitellata,
Megascolecidae) from Thailand and Peninsular Malaysia. Zootaxa. in press.

CONFERENCE FRESENTATIONNT

1. lirapatrasilp, P., Prasankok, P., Chanabun, F_ and Panha, 5. 2014. Genetic variability by allozyme
electrophoresis in natural populations of the two Glyphidrlus Horst, 1889 (Oligochaeta: Almidae]. 19th
Biological Sciences Graduate Congress 12-14 December 2014. Department of Biology, Faculty of Science,
National University of Singapore, Singapore. (Oral presentation)

2. lirapatrasilp, P., Prasankok, P., Chanabun, F_ and Panha, 5. 2015. Allozyme and mitochondrial DMA reveal
high genetic divergence among the Mekong Glyphidrilus Horst, 1889 (Olipochaeta: Almidae). The Sth
Conference on Taxonomy and Systematics in Thailand, 25-27 May 2045, Faculty of Science, Kasetsart
University, Bangkok. (Oral presentation)

3. lirapatrasilp, P. and Panha, 5. 2015. Mangrove molluscs. The 5th Conference on Taxonomy and Systematics
in Thailand, 25-27 May 2015, Faculty of Soence, Kasetsart University, Bangkok. [Oral presentation)

4, lirapatrasilp, ., Prasankok, P., Sutcharit, C., Chanabun, R and Panha, 5. 2016. The first discovery of semi-
aguatic earthworm Glyphidrilus Horst, 1889 from the Mekong River Basin in Cambodia and their phylogenetic
placements. The 6th Conference on Taxomomy and Systematics in Thailand, 25-27 May 2016, khon Kaen
University. (Oral presentation)

5. Chanabun, R., irapatrasilp, P., Tongkerd, P, Sutcharit, C., James, 5. and Panha, 5. 2016. Research on semi-
aquatic earthworm genus Glyphidrilus Horst, 1889 in Thailand. The 6th Conference on Taxonomy and
Systernatics in Thailand, 25-27 May 2016, Khon Kaen University. (Oral presentation)
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Ruttapon SRISONCHAI

E-mail: ruttapon60104 @yahoo.com, ruttapon? 74@gmail.com

Term Address: Animal Systematics Research Unit, Department of Biology, Faculty of
Sdence, Chulalongkorn University, Bangkok 10330 THAILAND

Home Address: 183 Moo 13, Dongkrungnoi, Kasetwisai, Roi-Et 45150 THAILAND
TEL: +660-5531-3246 FAX: +662-218-5273

Education and Qualifications

@ 2014 — present  Ph D. candidate at Department of Biology, Faculty of Science
Chulalongkorn University, Thailand (Biological Sciences Program))

@ 2010 - 2013 Department of Biology, Faculty of Science, Khon Kaen University,
Thailand {BSC in Biology, 1¥ Class Honours)
Subjects include — Taxonomy, Systematics, Development

® 2007 — 2009 Chanturubeksa Anusorn School, Roi-Et, Thailand

® 2004 — 2006 Chanturubeksa Anusorn School, Roi-Et, Thailand

Research Interests
Invertebrate Taxonomy and Systematics — millipedes and some closely related groups

Research or Course Participation

1. Oceanography Course of Marine Biclogy Camp, Phuket, Thailand {2011)

2. Young Taxonomist for Plant Biodiversity Survey, Khon Kaen, Thailand (2011)
3. Umestone Biodiversity Surveys in Myanmar (2014-2016)

SCHOLARSHIPS and FUNDINGS

1. S5cience Achievement Scholarship of Thailand (2009-present)

2. 90 Years Chulalongkorn University Endowment Fund for PhD student (2013-2016)

3. Intermal Grants from Natural History Museum of Denmark {2016)

4. Overseas Academic Presentation Scholarship for Graduate Student of Chulalongkorn
University (2017)

AWARDS

1. Best oral presentation in the 20" Congress on Science, Khon Kaen University, Thailand
2. Best oral presentation in the 7™ Conference on Taxonomy and Systematics in Thailand
[Ramkhamhaeng University)

PUBLICATIONS

Srisonachai, R., Likhitrakam, N_, Enghoff, H. and Panha, 5. 2016. Four colorful new species of
dragon millipedes, genus Desmoxytes Chamberlin, 1923, from northern Thailand
(Diplopoda, Polydesmida, Paradoxosomatidae). Foortoxg 4170(1) 93-113.

Likhitrakarn, M., Golovatch, 5.1, Inkhavilay, K., Sutcharit, C., Srisonchai, R. and
Panha, 5. 2017. Two new species of the millipede genus Glyphiwlus Gervais, 1847
from Laos (Diplopoda, Spirostreptida, Cambalopsidae). ZooKeys 722: 1-1B.
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3. %iIFa A Taxonomic Review of The Centipede Genus Scolopendra Linnaeus, 1758
(Scolopendromorpha, Scolopendridae) in Mainland Southeast Asia, with description of a new

species from Laos. ZooKeys 590, 2016 Special issue.

4. WihiRe Srisonchai, R., Enghoff, H., Likhitrakarn, N. and Panha, S. 2018. A revision of dragon
millipedes I: genus Desmoxytes Chamberlin, 1923, with the description of eight new species

(Diplopoda, Polydesmida, Paradoxosomatidae). ZooKeys, 761: 1-177.
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