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; ANAFA-FIFA Principle components
ands AR !
Min Max. PC-1 PC-2 PC-3 PC-4 PC-5 PC-6
9930w (n=39)
Width (m) 2.23 0.25 11.33 0.529* 0.597* -0.045 -0.164 0.197 -0.414*
Depth (m) 0.12 0.01 0.34 0.449* 0.566* -0.103 -0.363 0.011 0.175
Velocity (m/sec) 0.54 0.00 1.56 0.640* 0.374 0.049 0.070 0.241 0.253
Discharge (m3/sec) 2.51 0.00 23.51 0.623* 0.555* -0.098 -0.098 0.376 0.258
Specific conductivity (us/cm) 171.85 20.70 501.33 0.694* -0.610* 0.282 0.111 0.155 -0.093
Conductivity (us/cm) 166.56 19.30 495.93 0.615* -0.614* 0.344 0.048 0.132 -0.232
Salinity (ppt) 0.08 0.00 0.27 0.675* -0.615* 0.242 0.073 0.056 0.059
Dissolved oxygen (mg/l) 712 2.93 10.86 0.351 0.194 0.116 0.405 -0.195 0.075
Humidity (%) 44.97 22.00 78.00 0.548* -0.280 -0.546* -0.339 -0.381 -0.056
Water temperature (°C) 24.77 20.03 31.47 -0.089 0.046 0.837* -0.347 0.045 -0.009
Air temperature (°C) 33.24 22.70 46.00 -0.511* 0.276 0.643* 0.307 0.168 0.042
Altitude (m) 607.33 242.00 1300.00 -0.412* -0.121 -0.423* 0.251 0.599* -0.055
Habitat 2.87 0.00 4.00 0.273 0.371 0.139 0.405 -0.541* -0.151
Canopy cover 0.85 0.00 2.00 0.114 -0.244 -0.496* 0.553* 0.125 0.017
Riparian vegetation 1.23 0.00 2.00 0.359 0.394 0.097 0.630* -0.084 -0.002
Water color 0.18 0.00 2.00 0.445* 0.059 0.002 -0.037 0.119 0.780*
% of variance 24.19 17.59 13.52 10.11 7.4 6.53

Cumulative 24.19 41.78 55.30 65.41 72.82 79.35

W * = danuFunueduiinddynzauanuizaiun 99%

6. HAN133LAI1ZH Correlation analysis swiwmsﬂsmg%ﬁmmmLmaa%yuéi'lﬁwu
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A135191 5 LRAINANTILATIZRANUTNNUT (Correlation analysis) 521314 Principle

components UBIAIA LLﬂiLLa:mﬁ@Lmaa'%m‘i’lﬁwulul,wiazqg

- Principle components
A
PC-1 PC-2 PC-3 PC-4 PC-5 PC-6
a9 (n=61)
S. asakoae 0.126 0.125 -0.070 -0.106 0.094 -
S. burtoni 0.132 -0.168 -0.028 -0.102 -0.090 -
S. chiangmaiense -0.450** 0.212 -0.104 0.200 -0.019 -
S. decuplum 0.298* 0.214 -0.073 -0.019 0.003 -
S. fenestratum 0.362** 0.034 -0.093 -0.134 0.209 -
S. sp.nr. sheilae 0.078 0.115 0.158 -0.077 -0.133 -
S. nakhonense -0.056 -0.053 -0.027 -0.123 0.082 -
S. nodosum -0.287* 0.194 0.088 -0.018 0.049 -
S. parahiyangum 0.260 -0.029 0.089 0.094 0.031 -
S. quinquestriatum 0.241 -0.134 -0.196 0.066 0.159 -
S. siamense -0.429** -0.057 -0.090 0.033 0.001 -
S. tani 0.226 0.062 -0.040 -0.021 0.249 -
19%1172 (n=58)
S. asakoae 0.146 -0.155 -0.023 -0.149 -0.095 -
S. aureohirtum 0.155 0.061 0.075 -0.031 -0.006 -
S. burtoni -0.065 -0.112 -0.102 -0.127 -0.103 -
S. chamlongi 0.287* 0.201 0.047 0.125 0.163 -
S. chiangmaiense -0.076 0.017 0.015 0.105 0.056 -
S. decuplum 0.031 0.093 0.201 0.135 -0.054 -
S. fenestratum 0.065 0.023 0.019 0.011 0.196 -
S. nakhonense 0.027 0.044 -0.109 -0.108 -0.055 -
S. nodosum 0.167 0.012 0.192 0.269* 0.048 -
S. parahiyangum -0.041 0.002 0.074 -0.048 -0.064 -
S. quinquestriatum -0.106 0.070 -0.106 -0.070 0.023 -
S. sp. nr. rufibasis 0.157 0.206 0.285* -0.019 -0.141 -
S. siamense -0.225 -0.069 -0.128 0.247 -0.144 -
S. tani 0.090 -0.115 0.113 0.042 -0.098 -
9939% (n=39)

S. asakoae -0.128 -0.058 -0.047 0.309 -0.101 0.106
S. aureohirtum 0.054 -0.022 -0.094 -0.158 0.082 -0.280
S. burtoni -0.046 0.188 0.183 0.161 -0.156 -0.023
S. chamlongi -0.159 -0.054 -0.035 -0.042 -0.013 0.091
S. chiangmaiense -0.039 -0.261 0.289 0.050 -0.043 -0.027
S. decuplum -0.298 -0.151 0.032 0.056 0.258 0.030
S. fenestratum -0.090 -0.041 0.057 0.058 0.027 0.218
S. nakhonense 0.393* -0.310 0.165 0.033 -0.278 0.180
S. nodosum 0.229 -0.286 -0.032 0.333* -0.100 0.053
S. parahiyangum -0.204 -0.010 0.076 0.141 0.279 0.129
S. quinquestriatum 0.050 0.121 0.261 0.082 -0.031 -0.059
S. siamense -0.189 -0.030 -0.100 0.410** -0.058 -0.159
S. tani -0.090 -0.133 0.040 0.103 0.035 0.001
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Min. Max. PC-1 PC-2 PC-3 PC-4

Width (m) 3.21 0.20 8.00 0.560* 0.398 0.055 -0.219
Depth (m) 0.14 0.02 0.25 0.632** 0.516* -0.360 -0.188
Velocity (m/sec) 0.47 0.13 1.76 0.689** 0.289 -0.562* 0.024
Conductivity (us/cm) 54.63 15.30 297.20 -0.114 0.788** 0.558* -0.102
Salinity (ppt) 0.01 0.00 0.10 -0.246 0.821** 0.428 -0.081
pH 7.06 6.53 7.63 0.587* 0.447 0.378 0.151
Dissolved oxygen (mg/l) 6.29 5.41 7.08 0.874** 0.225 -0.138 0.031
Humidity (%) 70.33 25.00 88.00 0.547* -0.390 0.334 -0.492*
Water temperature (°C) 24.95 22.10 29.20 -0.804** 0.400 -0.164 -0.287
Air temperature (°C) 30.22 24.00 45.20 -0.477* 0.564* -0.225 0.498*
Altitude (m) 94.67 50.00 245.00 0.568* 0.015 0.246 0.557*
Canopy cover 41.39 0.00 80.00 0.194 -0.612* 0.465 0.191

% of variance 32.53 25.48 13.09 8.70
Cumulative 32.53 58.02 71.10 79.81

v
s A

waneLng *, = anusuiutatiitbddynzauanud

aNuN 95 waz 99 LastTud aus1ay
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A15191 7 LEAINANIILATIZRANNRUNUT (Correlation analysis) 321319 Principle

components 2a4anausnazriaunassuifnuluanald

- Principle components
TUHA

PC-1 PC-2 PC-3 PC-4
S. adleri 0.098 -0.017 0.237 0.360
S. angulistylum -0.069 -0.069 -0.177 0.024
S. aureohirtum -0.605** 0.245 -0.060 -0.199
S. burtoni 0.444 -0.086 -0.001 0.339
S. decuplum -0.124 -0.134 0.083 0.051
S. duolongum 0.228 -0.019 -0.082 0.281
S. fenestratum 0.271 -0.163 0.019 -0.148
S. gombakense -0.166 -0.285 0.282 0.328
S. grossifilum 0.067 -0.068 -0.028 -0.356
S. nakhonense 0.417 0.212 -0.469* 0.135
S. nobile 0.217 0.650** -0.004 -0.140
S. nodosum 0.228 -0.019 -0.082 0.281
S. parahiyangum 0.355 -0.051 -0.096 0.342
S. sheilae -0.417 -0.220 -0.115 0.025
S. sp. nr. sheilae -0.177 -0.267 0.032 -0.007
S. tani 0.510* -0.368 0.059 -0.060
S. yuphae 0.098 -0.017 0.237 0.360
Unknown 0.010 -0.135 0.119 -0.151

A v o & 4 Ae o o A A 4 A ¢ & & o @
VIN']?JLVIG! * R* = ﬁJﬂ'J']lJanWuﬁﬂU']{ll]uila’]ﬂmu‘ﬂizﬂﬂﬂ'nwL“ﬁallu'ﬂ 95 LAy 99 L'l.]a‘ﬂ‘ﬁu(ﬂ 128\ RIM]

Log (species abundance)

p
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A "
0.5
kb
-0.5 0.5
PC-1

1.5

25

u S, tani
A S. aureohirtum

q' % a 6 A 1 aq’ o a . @ 5 o 6 A
NINN 42 ANMURVNBILDTIUINTERIWLNAITIUANTUA S. fani NU PC-1 LLRCAIURFUNBDLDIRL

2134 S. aureohirtum NU PC-1
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N
¢
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Q
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g S
c
.g 1.5 ¢
M
n
9
T 1
Q
Q
)
o 0.5
(o]
-l
2.5 -1.5 -0.5 0.5 1.5 2.5
PC-2

ANN 43 ANUFUNBTLBILINTTAINLIRITUATRA S. nobile MU PC-2

0.8 4

0.6

04 9

Log (species abundance)

0.2 4

-3 -2 -1 0 1 2 3

PC-3

AN 44 ANUFUNBTLBIAUITZRINILYAITUGNTAA S. nakhonense NU PC-3

a 6 %) ¥ 3 1 a : [ 1 %
12. HANIIAATIERAMNTUNUSITHINIBHAVDIUNAIIHAILAZATIVINY
1 2’ n:{ o v
MUMNVBILARIRINTINSANE Inlaanala
a [ 3 o o ¢ . A = o Ao 1
NANNTILATERANMURNAWBIULL  Pearson  Correlation  LNa@n®1iadaNainadans
nsznsvaduNadIumMudazsiannulwuaniale 18 afia (@13199 8) wudwqm%gﬁmé’wﬁuﬁf
LTIUIN LL@iéTm’m’lsﬂﬂﬂquﬁauﬂamammdaﬁ’]ﬁmmﬁuﬁuﬂ%aamamsm:mwaumaa’%u
o a . d Ad a & @ o
@Tha S. aureohirtum I@mﬁaqmﬂgummmu LazA1anNMIUNARNTaUEAMIAS WY

Qg‘ o a ¥ t&l 13/ U et :’ e et a U :
WURIIUA TR NN ﬂﬂﬂ’l’]&lfﬁd e TZ AU N ARNNBSLTILINABNIINTZANLVDILURIITH
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G1Tfa S, burfoni ANMUANYILREINTANNFURUEEIRUAUNNTNTZNLVBIUNAITUGY S,
gombakense SaMeNUEIVENTeNFIRREFIWINAUMIWLTT S. nakhonense AN
inlwihuazenanufuvasi danusunuiiGanniunIwusiia S. nobile uddasINTUN
ﬂquﬁauﬂamé’wﬁuﬂ%aauﬁumimzﬁnwamwm’%ﬁyu@‘iwﬁ@f: A5 maen@auazansiin
IR EIAUAUMINTLNVOILNAB UG TR S, sheilae qm%gﬁm{ma:qmﬁgﬁmmﬂﬁ
AN TR INTE N TIa Ui TR S, tani LddaMIUNAguITaULEA

FUNWTLTILINAUIT UG THRA%
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P 6 o 6
13. N1FANWN maawuﬁqmam

Aa A

PNMIPWUNTAAUNIITUA  WUTRURITUA U TR N AN B FUIIUING 1IN BUEN

v

ARIEARINUUIN ﬁ’]lﬁLﬁ@ﬂ’J’]&l&jd gNIUNNTIILBNTRA  AIEI89 IariNNTE S wTHha D

2

v 2

WURITUG lasnsAnsuuuHsiunduadindnulasiuloyludeninaiouaiars o adsue
s‘im%’u%ﬁ@ﬁvlajmmsm:q%aﬁLL'u',uau (unknown species) ;ﬁ%’ﬂvléfﬁﬁmsﬁﬂmé'ﬂumzﬁmjm
FnenmouenwIaNNIUIINsanE LAz sanmn Inafulasiulovdiy  iasanafiavad
2 o A A A A o @ a A o ”2 o A Adda
wuassudf lisansnszyTefiuinen Jansuendugwinenfadveinusianniingnu
= o e & amae N v a P & aaA o A

MIANBLA? aanu e ldihmaSeuifsounuruiuudueslnditulaslylauivsiie
[ 1 (% a nl' o = adAa o a U 1
a9naInad sianvinmsanmn lnafulasiuloudiwin 2 siia lawn

1. S. sp. nr. chamlongi ﬁLﬁummmuqﬂmwjaﬂmaa 0. YUYW 9. UNTaIFOU i
% o A o 6 A A A o a
snwuzzlunuuazmsiaiesazesuuuduulnafinlosluloumiiouiuUuuuveuuudlng
fiulaslulanvassiia S. chamiongi MALINIMINANTINE ansuuiITfnasdunuud 1.
Foalnal (MW 45) asnuunasTumaiaidadusiiadeinuny S. chamlongi

2. S. sp. nr. feuerborniﬁLﬁummmuqﬂmquﬁmaa 0. YULIN 9. LUTDIFOU Wazh
ALNNNGNETUURITIATUIN 8. Ul 3. Felnal anmafinsUieansuedmugwing
Muuanvadmdawsita S. sp. nr. feuerborni MAVNNANYITINDIUAZYUIN HANBUL

Y o o P LA = g o A

ARBARINWINNALTRA S.  feuerborni AAUNNIINNLATINITAAIILAZINANFILNITILLARDY T
agUnmgninuuiTdnasdunuurt Jandiadeslnil uazldinsnumfnmununanasgiu
vaslwafulasiulonvasSud 1 iailidl (Kuvangkadilok et al., 1999) aghalsiausiia S. sp.
nr. feuerborni IANBMULIA (spot) FNUNAILIIUEIUIBIVRIMEaUNNANINTHRA S. feuerborni

= ) v A o AA A '
nnnsAnmansugduuuwkrnMITaEsidvesLundlndiulaslalaunuirlianuuandis
nurnnnlaslalouanaigiuessiia S. feuerborni lasfinfiaosduiiaitud19nt 39819
Julyledn s. sp. nr. feuerborni anyuMILazystaasdu sibling species H3aauazallFamy

1 a = é v o =1 Qs [ AI ~

S. feuerborni  N@NENULAITIRABLBUNUA TedasrmTiAdragaiuduuas
o = A A v A 1 = s a g 6
msdnmInafiulaslulouldazidoadald uazannisfinszduuunsdaitosdizeunud
vulwifiulaslulowvasardenvessila S. sp. nr. feuerborni 1 MifivaNMaNUULHITIGYL
19 8. Ul 2. 1Bsalnd uaz S. sp. nr. feuerborni 2 MLALANAMIUANEUYITIINEY B. YL
2. wildasgaw wulduaialdeiny LﬁaamﬂﬁgﬂLLuumsLﬁ@EunaﬁugﬂLLU:U [1IL-3complex
WilauNUYNA? UanINUGINUEUIETTULLL IIL-2 UAZWL B- chromosome Tudsemninigad

e (Ml 46)
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NN 45 unnnwlnafulasiulauvasunassudaia S. sp.nr. chamlongi

C= centromere; NO= nucleolar organizer; db= double bubble; BR= Ring of Balbiani

NN 46 wRuanInaAulaslulonvesnuasSudsia S. sp. nr. feuerbornil WRAIR LAY
MTAABUNBTTULLL 11L-1 4az 1IL-2 Uuuuuti817v89lasiulonnyian 2 uas
FUAUINTLAAD UL BTTURLY IlIL-complex UnkanT 98w laslalouurin 3

C= centromere; NO= nucleolar organizer; db= double bubble; BR= Ring of Balbiani
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14. Mm3dnilsaauazidanindrsanunasswanlunamiie

myanndsaaludisansasunassuilmaameamitavasdszinalng wudsdarinue
4 ngu ldun vueuwenTanan (mermithids) ﬁ%’@agimaﬁ Mermithidae (nwfil 47) gy
microsporidia Alanusia (mwﬁl 48) TusTadau Ishthyospores Ti@ Paramoebidium spp.
(MWl 49) NguITEITY Chytridiomycetes Tfia Coelomycidium simulii (AW 50) Waz\T891
T Trichomycetes Aa1LTHA (mwﬁ 51-55) TuuuadsudmansTio 1% S. asakoae, S.
chamlongi, S. chiangmaiense, S. fenestratum, S. feuerborni, S. nakhonense, S. nodosum, S.
quinquestriatum, Waz S. tani Lﬂaﬂs‘ﬁuﬁmiwunﬁimﬂ‘sﬁmﬁ@h@i'm'h 10% lunnnamaluuuas
Sudusazoiia

Turmsnsdasduisriuigenlusu Trichomycetes i luszuunadinanns
PYDIGIBAULNRIITUGTAA S. asakoae UaZ S. giunquestriatum (mﬁaﬁ 9) o Ainuus
ganidu 2 29d leun Harpellaceae L8z Legeriomycetaceae %’lﬂﬂ’ﬁﬁﬂw’mm%ai’ndﬁ
Harpellaceae lunsianamisaaunans (midgut) tissTRiaLdes fa Harpella melusinae (W7
51) %awﬂunﬂﬁwaaﬁaéammm’%u@hﬁaaawﬁ@ Ha 296 Legeriomycetaceae WULRNWIE
NLaRINIIRENLUATY  (hindgut) PoIeIBaRLNRIITHAY  launuiden 4 e léud
Genistellospora homothallica (m‘wﬁ 52) wumwwﬂuﬁ%dau‘%uﬁwﬁ@ S. asakoae, Pennella
spp. (ﬂ’lwﬁl 53) wuﬁammnhﬁaéau’%m‘iwﬁ@ S. asakoae, Simuliomyces microsporus (nﬁwﬁl
54) wuluddausudniia S. asakoae ﬁLﬁmﬁm{mﬂa‘%nﬂmqu%u (50%) WBTOANU
(23.08%) waz Smittium spp. (ﬂ’lwﬁl 55) wuluéﬁéau‘%mﬁ'mﬁ@ S. quinquestriatum (33.33%)
gnsulusladasu Ishthyospores Ti@ Paramoebidium spp. (.ﬂ’]‘W‘ﬁl 49) WUNINNTN 50% b
govusueTiia S. asakoae uaﬂmﬂf:ﬂ'aﬁmqiuL%aﬁﬁ"l,&immsm:q‘*ﬁﬁ&ﬁuﬂuau ilasanszes
maammﬁtyLauimaal,%amﬂ'a"l,;il,ﬁfgLﬁwﬁﬁammmmﬁ:qﬁﬁ@ GanlagTIui

undetermined legeriomycetaceae
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a ¢ = & & ) a 2 o a
@19519% 9 tasiFuanisnuiraruazluslam lunafuwainisvaduadIudTia S. asakoae

Nnan&Nd 9. Feslnduay S. quinquestriatum nthutsSunsal 3. WFuasne

BAHAVDY L%Bi’l ta $I1| iT(ﬂ“Iqi"J

[ i (¥ 1
wasisuanrsnusasildsiadr lnuaazilszasing

S. asakoae S. asakoae S. quinquestriatum
(ngrw) (n93ow) Tuthssunsal

. Harpella melusinae 100 (n=104) 100 (n=10) 100 (n=18)

. Genistellospora homothallica 11.54 (n=12) 20 (n=2) 0

. Pennella spp. 9.62 (n=10) 0 0

. Simuliomyces microsporus 23.08 (n=24) 50 (n=5) 0

. Smittium spp. 0.96 (n=1) 0 33.33 (n=6)

. undetermined legeriomycetaceae 27.88 (n=29) 0 5.56 (n=1)

. Paramoebidium spp. 57.69 (n=60) 70 (n=7) 27.77 (n=5)
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NINT 47 AUBUNENTAINANWIN mermithids (ane3T) Nwuludrdenuuasiudziia

Simulium tani (NMWUR) WRZIWGNTHA Simulium nakhonense (NIW&NN)

NN 48 Ngw microsporidia (3na3T) Awuluddeuunadiudrsfia Simulium feuerborni
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2
=

A 49 1Uslaaow Ishthyospores Ta  Paramoebidium spp. (ane5%) AWulunaiéiu

U

113N wUasVaINIBaUIUGNTRA Simulium asakoae ﬁuagiauﬁm‘%aﬂ’nﬁ@

Simuliomyces microsporus (WAwNa haLdwidn g daudadinkn)

2

NN 50 N§NLTATITU Chytridiomycetes wila Coelomycidium simulii (3nea®) Awulu

A28 WUNAIIWA TR Simulium chamlongi
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A g e a , o a
NINN 51 L8 TW Trichomycetes TUa Harpella melusinae AWl 9L ueImITAaUNAIV

MIDAUIUGTHA Simulium asakoae

NN 52 L TaTw Trichomycetes THa  Genistellospora homothallica AWU 4N 9LEUBINNT

AanlansvadinaanIudTia Simulium asakoae
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NN 53 1Ba317% Trichomycetes T9a Penella spp. Anulunmaduarvsaaudasvadnd

8aWINATUG Simulium asakoae

ANA 54 LT NTH Trichomycetes T#@ Simuliomyces microsporus Anulumaiuerniinen

UaNevaIn180UInG TR Simulium asakoae
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NN 55 L5a317% Trichomycetes aia Smittium spp. Anulunmatduarvnsaandansvadsnd

SaWINGNTHA Simulium quinquestriatum
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5. afidnauazasduan1s@nm
mﬂmiﬁﬂmmﬂwmﬂ%mmJaaLmaf;u@‘hu'%nmumm{ﬁvlmlquﬂu 0QRUII UAZQQ
fou US0m 10 samdamamniie Wounad uEIRNe 27 The ldund S asakoae, S.
aureohirtum, S. burtoni, S. chaliowae, S. chamlongi, S. chiangmaiense, S. chumpornense, S.
decuplum, S. fenestratum, S. feuerborni1, S. feuerborni2, S. sp. nr. sheilae, S. sheilae, S.
gombakense, S. inthanonense, S. nakhonense, S. nigrogilvum, S. nodosum, S. parahiyangum,
S. quinquestriatum, S. rudnicki, S. sp. nr. rufibasis, S. siamense, S. siripoomense, S. tani, S.
weji, W8 S. yuphae LasuENE I 27 Thedl el 37.5% vasiwinsiaiwunonua (72
w%a) ludszindlne 0ARWIIND 26 Tike %amﬂﬂd%‘hmmﬁ@ﬁwulquNuua:qgﬁ”aw‘ﬁawu
24 whauaz 23 Tha aNsaU mm%mﬂvxmwamﬁmaa§uﬁﬂﬁmmé’uﬁufﬁummmga
wilaszeuiineta %wzﬁLLmIﬁumswm‘hmmﬁ@Lﬁu"fmﬁa@hmmguﬁ'u%ﬂunnqg
MIENINANDLLRII UL 22 mﬁmlunﬂqgﬁﬁwmsﬁﬂm uaazrhalanuulskuu e
SruIufiny %aﬁﬂﬁmmimzqmﬁ@ﬁL@iuslul,l,@iazqg léun wfia S. burtoni, S. feuerborni 2
Wae S. siamense Li‘jwﬁﬁ@ﬁwiuluﬂg]ﬁlu T%a S. chamlongi, S. fenestratum, S. nigrogilvum,
Wae S. quinquestriatum Lﬂ%%ﬁ@ﬁt@iﬂm}@%m’; LLﬂz‘ﬁﬁ@ﬁL@iu&l’mlquﬁau fa S. asakoae,
S. aureohirtum, S. parahiyangum W< S. siripoomense uanﬁ]’mf:ﬂ'awummLLﬂsﬁumquma
PasunaBuiuTiafdanuuandsinagetaeuluunasifivinmsfnsiuiours w1
‘L‘E’l%”aw,m:ﬂ’mvjama Tudmialssms thuthsudnuazaugnenuystnaes Jswiauddesaan
wazthannuenih  luswiaBoadwal edhilsfimuundsi lwasulwgfivhmsinelu
mﬂmﬁa"l,aiﬁmmLLﬂic‘l’umqu}mamamﬁ@amaﬁﬁmﬁwﬁqj dlavnnsnasauanuudsiuaas
ﬂﬁ]aﬁ'ﬂmomﬂmwmaameﬁﬂ%mﬂ%wLﬁﬂuslw,l,@iazqg} wudm(ﬂ%maﬁmmwﬁﬂmam{ﬂ
VINNINOAHBUAZO AT @hﬂ%mmaaﬂ%muazmﬂf:ﬂquNm:ﬁ@hgaﬂﬁmg%auua:qg%ma
mm%ummﬂﬁ@hgaq@lqum s?iamﬂﬂ'j’ﬂquﬂu’nLLa:qgﬁaumuﬁ'}é’u éwu§uqmmgﬁmfw
uwaza1me noieulidngigauazgenitlungaunazngnuna @T@ﬁf’u"ﬁﬁ@ﬁ"wﬁuimwiazqg%é’uﬁuﬁ’
fuiladonmemaniwsesuns s lwafiaeoiasudmnugimaesuiduleldagromanzas
0% S. chamlongi, S. fenestratum, S. nigrogilvum Was S. quinquestriatum %dLﬂ%’%ﬂﬁﬁluaqa
toy Simulium z%m%@’%mﬁﬁ%’wﬁwLLuﬂagiuaqaﬂasl Simulium Lﬂu‘ﬁﬁ@]ﬁwﬁulqu}ﬂuﬂ’l 9
é’uﬁuﬁﬁuLL%@iqm‘EﬂﬁﬁﬂmwﬁnMﬂLLazqmﬁnﬂﬁﬁma:mmm‘i‘ﬂ fusudnafia S. asakoae, S.
aureohirtum, S. parahiyangum W8s S. siripoomense s’ﬁa%@a%ﬂuaqasiaﬂ Gomphostilbia Wae
Nevermannia Lﬂu*’nﬁ@ﬁ'L@iumﬂlquﬁawﬁaé’uﬁufﬁuLm&iaﬁwé‘iyu6] LLa:ﬁqmﬂgﬁﬁiﬂLm:mmﬂ
&9 MInTenpasTRauNadsudly 10 ssmiamamiie wuiisiie S. nakhonense M3
nsznslunaEIInIa Lﬁadmﬂmmmag’hamwumﬁamm6] fflanunanaaouazwule
lunmmz\iamﬁﬁﬂaﬁ i loluasAslimosauazuis faufin waswansdn aurnBuiTiad
Usuarldaluszuuiinauosunasinlwalugienie (Kuvangkadilok et. al., unpublished data)

wdsha S. chaliowae WULANIZIUIIRTAUNIURE S. weji nUNE 1L lasuuasIudaasziatn
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mé’mlmmdaﬁﬂmﬁ@uﬁugu S‘f}m:ﬂauﬁuguﬁ'ﬂa:Lmzaﬂﬁuﬂaaﬂmad@ﬁé’ﬂLL@T WAEIYNT
wisuenTfiad ij’ﬂazvlsjwu‘%m‘iwﬁm'é"umﬁ'ﬂayj’s’wﬁasJ (Takaoka, 2001) ot lsfianasudn
fulngdnandusiunuannnii 1 sialuudszunsdoirlne dodoni “MIINNFNVBITHA”
(species assemblage) (McCreadie and Adler, 1997) LLazwuiﬁ?iyu@‘imaﬁMﬁ@mmsnmﬁ'ﬂu
wnainlwaRdanTasemimennaesinlugisnis nmBensianuduiutueslasei
finadamsnszansdmaiuiudazsio  wuiasensmanwuesinusiesanadens
mzmsjéﬁmaa’%uéhLwiawﬁ@LL@iﬁ@ha%i‘Lm:ﬁuﬁvlajgomr]ﬁfﬂ anaLfiesanmydsusvasiud
lﬁn%ﬁ'uamwLLmaﬁTamaaLmdm{ﬂmﬁLﬂﬁwuﬂaa"lﬂmuamwLn@é{awamg}ma FITuas
Lﬁu'hm‘ms:mwammo‘%m‘iﬂ@ﬂﬁ"';"lﬂﬁ]:*’ﬂ‘yuﬁ‘mw:nmu‘%aqgmaLLazmﬁ@maai:uuﬁnﬂ
POIUREIRFIMIENI  B9TiRNREANSBIRLNITANBNMNINTZ N DUBI LU UE L1 TN e
8133043371 (McCreadie and Adler, 1998)

HRan ldvinsdenzinanaduys Lﬁamiﬁﬂm%'@mjumeﬁwvlmal,l,a:"lﬁa@ﬂ’nu
ﬂm@Lﬂﬁaulumﬁmezﬁ”aga‘[@Ums"l,&iﬁ,’]meﬁﬂmﬁwuﬁwmuﬁ'sﬁazm’j’l 25 @1 uazld
ihafiafinuitesnin 10 Lﬂaﬁ%uﬁmaa%ﬁwmmmEm{wvl,mﬁgmmuﬁLmﬁzﬁiaga lavinnsda
ﬂgiaJLmE\m{ﬂvLm‘l,uLL@iazqgﬁaUﬁagamd%amw m\mﬁaﬁwmﬁamjmmdaﬁﬂmsﬁmTaHa
ANUATIARIT U BITRALYAITI UGN f]g]Numminﬁ'@ﬂ@:umeﬁ’f'lma‘hmu 56 Wid aantdw
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A new species of Simulium (Gomphostilbia) (Diptera: Simuliidae) from

southern Thailand, with description of its polytene chromosomes
By
Sanae JITKLANG and Chaliow KUVANGKADILOK

Bangkok (Thailand)

Abstract. Simulium (Gomphostilbia) adleri spec. nov. is described based on the male,
pupa, larva, and larval silk-gland chromosomes from Bang Thao Mae waterfall, Krabi
Province, in southern Thailand. This species is assigned to the batoense species-group on
the basis of the slender, parallel-sided hind basitarsus of the male. The larva is the most
distinctive of the life stages, and is distinguished from those of other species in the
batoense species-group by a postgenal cleft extended less than half the distance to the
hypostomal groove and by a dark gray-banded abdomen interrupted on abdominal
segment VI by a lack of pigment. The larval silk-gland chromosomes have a haploid
number of 3, the nucleolar organizer in chromosome arm IS near the centromere, and

undifferentiated sex chromosomes.

Key words: black fly, Simulium, Simuliidae, new species, batoense species-group,

Thailand

Introduction

The 69 known species of black flies in Thailand are assigned to 6 subgenera
(Asiosimulium TAKAOKA & CHOOCHOTE, Daviesellum TAKAOKA & ADLER,
Gomphostilbia ENDERLEIN, Montisimulium RUBTSOV, Nevermannia ENDERLEIN, and

Simulium LATREILLE) (TAKAOKA & CHOOCHOTE 2004a, b, 2005a-j, 2006a-d).



Gomphostilbia is the second largest subgenus in Thailand, consisting of 15 species in
three species-groups, i.e., the batoense, ceylonicum, and varicorne species-groups. The
batoense species-group in Thailand is represented by nine species. Worldwide, the
subgenus Gomphostilbia comprises nearly 160 species, with about 76 of these in the
batoense species-group (TAKAOKA 2003; CROSSKEY & HOWARD 2004).

During recent investigations of the simuliid fauna in southern Thailand, we
discovered a new species in the subgenus Gomphostilbia ENDERLEIN. We describe this
new species based on pharate males, pupae, larvae, and the banding patterns of the

polytene chromosomes from the larval silk glands.

Materials and methods

All larvae were fixed in Carnoy’s solution (1 part glacial acetic acid: 3 parts
absolute ethanol), and two pharate males were fixed in 80% ethanol. Morphological
characters of this species were compared with the descriptions of black flies from West
Malaysia and Thailand (TAKAOKA & DAVIES 1995; TAKAOKA & CHOOCHOTE 2006d).
One pharate male was dissected from the pupal exuviae, and the head and genitalia were
cleared with 85% lactic acid and placed in glycerine to illustrate and photograph
diagnostic morphological characters. The gill histoblast, hypostoma, postgenal cleft, and
mandible of the mature larva were placed in a drop of 50% acetic acid on a microscope
slide; a coverslip was applied and the parts were photographed. Morphological
terminology follows that of TAKAOKA & DAVIES (1995).

The silk-gland chromosomes of four larvae were stained with the Feulgen method,
according to the procedures of ROTHFELS & DUNBAR (1953). Chromosomal terminology

follows that of ADLER et al. (2004).



The holotype and paratypes of the new species are deposited in the Department of

Biology, Faculty of Science, Mahidol University, Bangkok, Thailand.

Simulium (Gomphostilbia) adleri spec. nov.
(Figs 1,2, 3)
Description

Female. Unknown.

Male (dissected out of pupa). Thorax length 1.0 mm. Head 1.2x wider than
thorax. Upper eye consisting of 9 or 10 vertical columns and 9 or 10 horizontal rows of
large facets. Antenna composed of scape and pedicel plus 9 flagellomeres (11 total
articles) (Fig. 1A). Maxillary palp composed of 5 segments; proportional lengths of 31
4™ and 5™ segments 1.0: 1.0: 2.3; sensory vesicle (Fig. 1B) subspherical, ca. one-quarter
as long as 31 segment, with opening located centrally. Thorax Scutum covered with pale
recumbent pile. Postscutellum bare. Pleural membrane bare. Katepisternum with hairs.
Legs (Fig. 1C). Fore basitarsus ca. 6.8x as long as greatest width. Hind basitarsus slender,
with sides subparallel. Calcipala and pedisulcus well developed. Wing Costa with
spinules as well as hairs; basal portion of radius fully haired. Abdomen dark brown.
Genitalia (Fig. 1D-I) Coxite 1.3x as long as wide. Style slender, shorter than coxite,
gradually tapered toward apex, with apical spine. Ventral plate in ventral view with body
ca. 2.0x wider than long; anterior margin highly convex, posterior margin rather straight,
and posterolateral angles broadly rounded; arms slender, parallel-sided, though slightly
convergent anteriorly. Paramere with 1 large anterolaterally directed hook and 5 long and
several smaller anteriorly directed hooks. Median sclerite an elongate strip, rounded

apically.



Pupa. Body length (excluding gill filaments) 3.5 mm. Head and thorax
Integument pale yellowish brown, without microtubercles. Head with 4 pairs of
trichomes, all long and simple. Thoracic trichomes in 6 pairs (3 anterodorsally and 3
anterolaterally), anterodorsal trichomes simple, long, coiled apically. Antennal sheath
smooth. Gill (Fig. 1J-K) with 8 filaments arranged as (1 + 2) + (1 + 2) + 2 from dorsal to
ventral; dorsal and middle triplets each arising near base, on short stalk each as long as
wide; ventralmost filament ca. 2.0x longer and 2.5x thicker than all other filaments which
are subequal in length and thickness; all filaments directed forward, with numerous
transverse furrows. Abdomen Tergum I with single long seta on each side, tergum II with
6 simple setaec on each side, 1 seta longer than others. Terga IIl and IV each with 4
hooked spines directed forward on each side. Terga VI-VIII each with transverse row of
spine-combs directed caudad on each side. Tergum IX bearing pair of triangular, rounded
terminal hooks with outer margin smooth. Sternum IV with 1 simple hook and few minute
setae on each side; sternum V with pair of bifid hooks on each side; sterna VI and VII
each with pair of inner bifid and outer simple hooks on each side; last segment with 2
grapnel-like hooklets. Cocoon Simple, wall-pocket shaped, densely woven.

Mature larva (in Carnoy’s fixative) (Fig. 2A). Body length 5.4 mm. Thorax
grayish purple; abdominal segments [-V each with grayish transverse band, remainder of
abdomen dark gray with wide, colorless, transverse band on segment VI, and end of
abdomen pale brownish orange. Head capsule brownish, slightly darkened along posterior
margin, with diffuse brown head spots. Antenna consisting of 3 segments plus apical
sensillum, longer than stem of labral fan by half of distal segment; proportional lengths of
3 segments from proximal to distal 1.0: 0.9: 1.1; base of antenna brown, remainder pale
yellowish, almost colorless. Labral fan with 34-36 primary rays. Mandible (Fig. 2B) with

comb-teeth decreasing in length from 1% to 3™; mandibular sensilla consisting of 1 large



and 1 small tooth. Hypostoma (Fig. 2C) with median tooth longest, followed in length by
corner teeth; hypostomal bristles 4 or 5 in number on each side. Postgenal cleft (Fig. 2D)
less than half as long as postgenal bridge, with lateral margins subparallel and anterior
margin straight to slightly rounded, spots on each side of postgenal cleft indistinctly
negative. Thoracic and abdominal cuticle with sparse, unbranched, colorless setae, and
with colorless setae on each side of anal sclerite. Ventral papillae short, conical, rounded
apically. Rectal papilla compound, of 3 lobes, each lobe with 6 finger-like secondary
lobules. Anal sclerite X-shaped, with anterior arm ca. 1.2x as long as posterior arm.
Accessory sclerite absent. Posterior circlet with about 70 rows of 11-13 hooklets per row.

Larval silk-gland chromosomes (Fig. 3) (3 male and 1 female larvae examined).
Haploid number = 3. Homologues tightly paired. Chromocenter absent. Chromosome I
metacentric; II and III submetacentric. Centromere region of chromosomes I and II, but
not III, slightly expanded. IS with nucleolar organizer basal. IIS with trapezoidal marker
basal, followed by double bubble; ring of Balbiani subterminal. IIL with symmetrical
marker subbasal, followed by DNA puff; parabalbiani approximately in middle of IIL.
IIIS with blister subterminal. Sex chromosomes undifferentiated. Autosomal
polymorphisms absent.

Type specimens. Holotype: Male (pharate) within pupal skin and cocoon (in
ethanol vial). THAILAND, Krabi Province, Bang Thao Mae waterfall, E98°43" N8°35’,
13.X11.2007., collected by Kowit Meeyen and Ubon Tangkawanit. Paratypes: 1 male
(pharate) dissected from pupal skin and cocoon (in glycerin vial), 1 mature and 23
immature larvae (transferred from Carnoy’s fixative to 80% ethanol), same data as for
holotype.

Bionomics. The larvae and pupae of Simulium (Gomphostilbia) adleri spec. nov.

were attached to slender, trailing roots hanging vertically on bedrock in a warm



(23.9 °C), shaded, slow-flowing stream in a sparsely forested area (altitude 120 m). This
species was collected with S. (G.) gombakense TAKAOKA & DAVIES, 1995 and S. (G.)
sheilae TAKAOKA & DAVIES, 1995.

Etymology. The species name adleri is in honor of Prof. Peter H. Adler,
Department of Entomology, Soils & Plant Sciences, Clemson University, USA, who is an
expert on systematics and ecology of black flies; the first author, SJ, also thanks him for
his advice and encouragement.

Distribution. Thailand (Krabi Province).

Remarks. Simulium (Gomphostilbia) adleri spec. nov. is assigned to the batoense
species-group on the basis of a slender, parallel-sided hind basitarsus in the male. The
male can be distinguished from those of other members of the subgenus Gomphostilbia by
the broad ventral plate and the large anterolaterally directed hook and five long and
several smaller parameral hooks. The arrangement of the pupal gill filaments is similar to
that of S. (G.) cheongi TAKAOKA & DAVIES, 1995 and S. (G.) whartoni TAKAOKA &
DAVIES, 1995. In these three species, the gill is composed of eight filaments, one of
which is longer and thicker than the other seven filaments, all of which are subequal in
length and thickness. However, in S. (G.) adleri spec. nov., the gill filaments are widely
divergent, whereas in S. (G.) cheongi and S. (G.) whartoni they are in the same horizontal
plane. The larva of this new species is distinguished from those of all other known species
of Gomphostilbia by the postgenal cleft, which is shorter than the postgenal bridge; the
dark gray transverse bands on the abdomen that are interrupted on segment VI by lack of
pigment; and the unbranched, colorless setae on the abdomen. Like other known members
of Gomphostilbia in Thailand (PHASUK et al. 2005), the polytene chromosomes are tightly

paired and the nucleolar organizer is in chromosome arm IS near the centromere.



However, the position of the ring of Balbiani relative to the bulge is similar only to that of

S. (G.) angulistylum TAKAOKA & DAVIES, 1995.
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Figure Legends

Figure 1. Simulium (Gomphostilbia) adleri spec. nov. A-I: male and J, K: pupa.
- A: antenna (right side); - B: 3™ segment of maxillary palp with sensory vesicle (right
side, front view); - C: hind leg (left side, outer view); - D: coxite, style, and ventral plate
(ventral view); - E: style (right side, ventrolateral view); - F: ventral plate (end view); - G:
ventral plate (lateral view); - H: median sclerite (posterolateral view); - I: parameres and
hooks (end view); - J: gill filaments (left side, lateral view); - K: gill base (left side,
lateral view, showing arrangement of filaments). Scale bars = 0.05 mm for A and J; 0.01

mm for B, E, and I; 0.1 mm for C, 0.02 mm for D, F, G, and H.



Figure 2. Larva of Simulium (Gomphostilbia) adleri spec. nov. — A: Larva (dorsal
view, ventral view, and lateral view); - B: mandible; - C: postgenal cleft (ventral view); -
D: hypostoma (ventral view). Scale bars = 0.5 mm for A; 0.01 mm for B; 0.05 mm for C,

and D.
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Figure 3. Total chromosomal complement from larval silk glands of Simulium
(Gomphostilbia) adleri spec. nov. (male larva from Thailand, Krabi Province, Bang Thao
Mae waterfall, 13.XI1.2007), showing major landmarks. Chromosome arms are labeled
IS, IL, IS, IIL, IIIS, and IIIL. Bl = blister, BR = ring of Balbiani, C = centromere, D =
DNA puff, db = double bubble, NO = nucleolar organizer, S = symmetrical group, and

PB = parabalbiani.



