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Ualal qm%gﬁ@‘h YUALAN A1ANNLTWNIA-A9 LLaz@hmsﬁ'l"LwW’]qa msﬂnm;waaﬁau
203NN PC-3 a3UN8ANNULUIHNY 14.5% 2aIANNULUSHUNIRUA LAaIaNdanUal PC-3
a | 1 el ] Qs g’ 2/ 3 I o =Y 1 A

g deanudunia-dnedr adgennszauiimziaunn inlvasr Wwdrmadelusing
Jus1 PC-4 aTunsanundIsi 11.3% wAsdandunian PC-4 guﬂmmﬁiamﬁﬂﬁﬁmw
anuasinaIn i'a@;ﬁuﬁﬁmwmmﬁﬂ ﬁ’]ﬂ’]iﬁﬂﬂﬁ’]iﬂd PC-5 afunaanuwlIi 9.3%
PIANMUBUTHWNIRNG LRAIANAENUA PC-5 &9 Fa1n1 3 WA wazaudunIa-ang
G TeAUENAK Lm:szé’umsﬂnﬂquL%auma@ﬁaﬂ

matenzianusunuisznimsUnng/ldunnguessldsny PCcs  law
Forward regression analysis WUIWURIIUAN 4 FUTFNANNINITINLNIIVINIFINITOWD
ldu1nnin 20% vasunasande eun S. siamense S. aureohirtum S. angulistylum was S.
nakhonense JANMUTUNUTENINIRBE AN IEAAND PCs (P < 0.001, @139 7) lawen
mmgﬂﬁawa\‘lm?ﬁwmmwnawnwﬁ@hswﬁa 75.4% - 95.1% PC-1 §auFUNWINL
AMINTZALVBILNAITUG 3 80T loun S. aureohirtum S. angulistylum Wa
S. nakhonense

. a % % 6 Aa % % gﬁ = ' % n:l'd

S. aureohirtum HANMUFUNWSLEIAUNY PC-1  aanuadwuninluwnssandand
PWIALAN 1 s Ll "L&iﬁmiﬂﬂﬂqwaaﬁauﬂa@ CF i'aqﬁuéhmsﬁmmmﬁﬂ LRI
#1 S. nakhonense was S. angulistylum JANNFNWRTLTIVINAY PC-1 AIRULURIIU
& A A R i o Ao ' o o A o
nigadFUaFIInLNlnunssadanvmalng  aamMTlnanss TRQNUI DIV
Tl waziinsUnaguuadlTouten msm::ﬁnnmanﬂﬁmamﬁfmaal,l,waﬁmﬁw S. siamense
~ v o &a [ o & = \ o Aa & \
NONMUIFNAWSLTIVINALY  PC-3 muumwumnlmmmmﬂmmmmnmﬂum@-maga
AMALSaINIzUEYe danin IWHA6n m’mgamm:ﬁuﬁwmmvmmn wastdua1ss
Ao a 2 '
nATTuhpwalng
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A a 6 o, o € ' ' = o 1 o o . . AV o a 6
@137197 7 WanTdtenzianusunkiTznIInmdng/lailsnguesunadsiudiluinasenduny Principal components (PCs) 11lda1nn33tanei

8 Principal components analysis (PCA) lael4 Forward logistic regression analysis 1um§’3Lﬂi’]:ﬁﬁa;&al‘ﬁmwnaﬂ%ﬁﬁﬁmimzmf;J

ANNTT 20% VaunssedBiLGIatalungr (61 i)

Regression coefficient*

Species P Correct (%)
K PC-1 PC-2 PC-3 PC-4 PC-5 Impound
S. aureohirtum -0.002 -2.250 0.999 - - - - <0.001 754
S. siamense “A” 0.778 - - -1.089 - - - <0.001 78.7
S. angulistylum -1.569 1.078 - - - - - 0.001 82.0
S. nakhonense -4.312 6.307 -5.183 -3.705 -2.109 - - <0.001 95.1

4
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° ' o 2 o Ao & ' R
PNINTWIBLRRIANAVAILNRIIUAINGTIINIANG 143 WARI LLuaLﬂuﬂagiu

N1 69 Uriad wazluNWNINEAINTIY 74 WARY NMTILATIEHANNLANGIIVDITITEN
ﬁmﬂ%mmaaLma'amﬁ'ﬂ"naoLmaa‘%mﬁwﬁaaaafjﬂm Analysis of Variance (ANOVA)
wuindadameiinainandivlrnainnuuandsedeiivefagnieaia (@790 8) law
wiavandsluinnihazlawalnanin Inausindn uazliuwnewes streambed particles

1 1 1 L ‘:ll 1 tﬁq’ dl = o K% a 2’ 1 =
Twaini Lmaammmagﬂ,uwuﬂmsmwmmmim"l,wmLLazqm%Qmaamg\m’n 409
ﬁﬂﬂ@gmaoﬁauma@ LRIATININTRENTINT AU RAINTRAVAILNAITUAN I LN
(2.91+1.48) Hannniluundsanduluinnnaineas (2.13£0.99) addinsdmamyneaia
(t = 3.61, P < 0.001) MIILATIERANULANANIVDILATIRTIRIANY D ILURITUA LUNUA
JuasAunnsneaslas Analysis of Similarities (ANOSIM) wWuinRaNuuana1dasnal
WEAUNNENA (R = 0.343 P < 0.001) MyiaNzAlnamdaduninasdannuuaneis

' , o 2 o A & A o & A o . ..
izanmmmﬂwaamesum'ﬂagluwuwmsmwmﬂuwuwmmsJ Discriminant
function analysis (DFA) lagltalldmiuiladuilslunsutiuen wWUIwAsIandsaI%
Inajmansaudsusnaudszian (wundwmiamansas) ldgndes lasfasazvasduau

' o A o o o v A ' o A & 4.
LmaamﬂwmmmﬁmmLLun"l@gﬂmaast 741%  wRaIaNFINNINNARNUNRINTD
ﬁ‘hLLuﬂ"L@TgﬂéTaa 76.6% LLaszddmé’umnﬁuﬁmimﬂmmmmLLU’@Lwﬂ"léfgﬂﬁad
72.2% (913197 9) @1 standardized canonical coefficient WaAdlRIABIILNAITUA S.
aureohirtum S. nakhonense uaz S. trangense \Dusl@aniianuddyngalunisdiuun
LREIDNADTZTAININ NI LRZ NI TN BAT

Meed DFA laglfilasanisiindingivasunasandslunissiuwn wudn

unasandusIulng (91.8%) mmsmﬁLLuﬂ"l@TgﬂéTammﬂi:mmauma’amﬁs [N
mé’r’mﬁLﬂuﬁ'uﬁﬂ’]mmmﬁﬁLmﬂ"lé’gﬂéfaa 88.9%  WATWRAIANAMLIUNUNNNITINBAT
mminﬁ%mﬂ"l,ﬁgﬂﬁaa 94.1% @ standardized canonical coefficient V4T3 UU1AUIEN
13 danmitia madnnguasiiniui  wazdmahiWiuduiisnaayigan

uisnanuassandaluiunnuurasoda luNwnINTINEaT
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andulay Analysis of variance (ANOVA) ez Kruskal-Wallis tests

Variable Forest Agriculture
Test statistic P
Mean (* S.E.) Range Mean (* S.E.) Range
Width (m) 2.02 (0.51) 0.14 — 25.00 0.77 (0.09) 0.13 — 6.00 7.20° 0.008
Depth (m) 0.06 (0.01) 0.01-0.23 0.07 (0.01) 0.01-0.33 1.32° 0.253
Velocity (m/s) 0.72 (0.04) 0.21 — 1.60 0.62 (0.27) 0.23 — 1.40 4.69° 0.032
Discharge (m’/s) 0.17 (0.06) 0.0007 — 3.06 0.04 (0.01) 0.0003 — 0.28 563" 0.019
Altitude (m) 407.82 (39.33)  132.00 — 1302.00 356.85 (20.69) 149.00 — 749.00 1.46° 0.229
pH 6.76 (0.10) 5.50 — 8.89 6.60 (0.08) 5.03 — 8.49 1.47° 0.228
Conductivity (uS/cm) 47.52 (9.02) 6.00 — 339.00 98.32 (15.76) 3.00 — 487.00 6.92° 0.009
Temperature (°C) 24.90 (0.41) 16.90 — 37.90 26.51 (0.37) 19.10 — 36.00 8.60° 0.004
Streambed particle size 6 1-6 3° 1-6 32.02" <0.001
Coverage 2° 1-3 1° 1-3 25.91° <0.001
Riparian vegetation 3° 1-3 1° 1-3 65.18" <0.001

°Fiiudmaraunidaiauad ANOVA
b . . o ¥ a 2
@1 Median maaﬂs:mma@;ﬁumms msﬂﬂﬂqmaaﬁawa@ ey UssiAnuaIngIiin

*H 1T uanagaun9ad a1y Kruskal-Wallis test

14>
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A1319N 9 Naﬂ’lﬁl,mﬁ:ﬁ"ﬁa%laﬁ’m Discriminant function analysis (DFA) \WaaTIFaL

112N TNAGaANNLANE1ITDI L ATIRI NI RIAULATAN BN TIFI NS VDS

LRRIDNADUDILUAITUGA MW UATN LazNUANITINEAT

Summary statistic Discriminant variables

% Correct (N)

Stream conditions Species

Forest (64) 88.9 76.6

Agriculture (79) 941 72.2

Total (143) 91.8 74.1
Width 1.260 S. aureohirtum -0.674
Discharge -1.105 S. nakhonense 0.517
Standardized Riparian 1.038 S. trangense 0.430
coefficient vegetation -0.478 S. asakoae 0.270
Conductivity 0.427 S. angulistylum 0.247

Depth

*@ standardized coefficient WEAILANIE 5 ﬁwé’umﬂﬁﬁmé’witﬁgeﬁq@whfl.fu
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41 aNaaINTia AEINYT wazn1InIEAIENNgRaEas 2asunaIIHAnlumA
aviwaanidasiniazasilszinalng

miﬁﬂmlunﬁmmmqmaﬂaﬂwmwﬂﬁﬂﬁﬁﬂﬁ@ﬁq@ﬁﬁwa@iamiﬂﬁﬂgﬂﬂ
Unnprasuuassudluunsiands ldun swavasunanilng anawesnazumi usz
M3l water impoundment (Grillet and Barrera, 1997; McCreadie and Adler, 1998;
Hamada and McCreadie, 1999; Hamada et al., 2002; Scheder and Waringer, 2002;
McCreadie et al., 2004) Namsﬁﬂmﬁaa@ﬂﬁaaﬁ'umsﬁnmlunﬂﬁmﬂ'fi‘iuGJ mytsng/lal
Unnpluunasadovasusasudfinunszasaiiniienn 4 608« ldun S. siamense
S. aureohirtum S. angulistylum W8z S. nakhonense ﬁm’]&lé’wﬁufaﬂﬁﬂﬁﬁﬂﬁﬂﬁmﬁumuﬁﬂ
pasunasinve auisesnszusin wazRTSavn (riparian vegetation) AMamanaas
vasnamstnnluudazgimausasliiininmsusnglivnnguasuuadiudluumas
ordoduisuideniudmiuuaadsudmalan

anunanTiazesssus lundsndufianuduiusetnsfivpidnnosia
ﬁ'mmé\n{wvlmﬁﬁmm@slmy mmﬁwaamumwfwge i’aqﬁuﬁwmimm@lﬁm qm%gﬁ@ﬁ’lﬁ
ag’gamm:é’uﬁwmmmn wazigsavin wamiﬁﬂmf:aa@ﬂﬁaaﬁ'umiﬁnmslugﬁmﬂ
3w 1w nsanslwaimld wuiaananTiaTeuN s Tn N FNRUEALURE
adufifiuwalng qmwgﬁﬁn@‘h nvzusih ey uas i'a@;ﬁyuﬁnmwm@lmyj (Grillet and
Barrera, 1997; Hamada et al., 2002) msﬁﬂﬁmluqkﬂwmwmﬁwmﬂmﬁmaaLmaﬁvmﬁw
ﬁmwé’uﬁuﬁﬁmmmmé’aﬁﬁmmﬁmaam:uaﬁwga LLa:ﬁfaqﬁuﬁﬁmimm@ﬂmy

anunannransvataldslasmlgunuslasasitiuanunanranorauness
andugiay (microhabitat) (Ward, 1992) éﬂmiﬁﬁmm@lmyj inlnaiss LLa:ﬁi'a@;ﬁyué'ms
pwalwgdlemarliifaunsiandodesfinanuansmeluundnilng  dessndana
wsiuvassanmitwsannludmmwelng  Afinszuavinuss LLa:ﬁi'a@ﬁuéhmimm@
lng wu nmsflvafuswalngludins ssiliifeanuudsiuvesanuisizeinszumi
Shalzafin Saduinssondudesfiuandoiuimibusassuiudazads  doiuuns

v Ad o

adan e iEImanTnTesiuLLasiui ldnanrans sl Efniunasad AT s T
lnansht 11w 1515UNALEN AnaFwesnszLaine 1ud

miﬂiﬂﬂgmadﬁﬁuﬁﬁ (riparian vegetation) WUINHAMUFNANUTALANINIZTANENS
Qﬁmamim:mm%mmiﬁ@*‘uaame";u@h miﬁﬂm‘luuuam{wLtazﬁmﬂﬂﬁﬂs:gﬂﬁwéﬁ
wwalna  (macroinvertebrates) Fonduluunasimuiesuintinadensnszanouas
AMURAINTUS (Sponseller et al.,, 2001; Subramanian et al, 2005; Dudgeon, 2006;

Kasangaki et al., 2008) wmmlaaﬁﬁum@iamsﬂszﬁnswnmuﬁma@ﬁmzmﬂwmﬂmﬁ@
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2IuNadTudieulay Lautenschidger and Kiel (2005) WUANMNRNAUTIZWININNT

A e A A o &2 o A A a O o A
ﬂi:ﬁnmlaaaﬂmaﬂuwmsumlmmaammmwmluqkﬂ NTINEN T T D INULFILAAN
FaIRIEINNIN ﬁﬂﬁqmﬁgﬁmaqﬁﬂ&iguﬁﬂﬂ T UNAAD LU ITUALIAIINNAI8 U

v
a o

2, . ) A ) o &, A A 2 A
LLSJNGS%@]’]VLN&’]N’WQVMGIaaqm%nuuﬂgdvl,@ (Crosskey, 1990) AIUWURIDNIINUNDTINUIAN

=

mm‘ﬁmﬂ'ﬁmﬂmﬂﬂ'j%ﬁadmﬂﬁqmﬂgﬁﬁvmgw’m wannBNnLazluvaINTATIIR I
upashguduunadiianiz (substrate) FIRTUAIBOULAZANLATBILNAIITUA Aabuludn

AdA A R A \ o i o AN A A ° 1%
mimwmumagawmwmmﬂ%mmaamemﬂﬂmnmwmmsﬂ"luuwmwm 4
° A A A o ' v A ! o A A A v o o
wnslldsnandeluunssandeininnit TadudugAnuinlanusunuwsnuaNuRan
sRavaILuaiTum laun YSunaieu anAvad1h (Colbo and Moorhouse,1979) Uaz
2YLHIIINUKAIW (Scheder and Waringer, 2002)

4.2 Naﬂ‘sz‘m.maam‘sﬁ'unwmmimia@mmwmam SNMNUAZLANDDILARID1AE
La 3‘[@]%‘0 ﬁ%"]\‘l HIANVDIUNAIIWAN

o

miv‘hmslLma'amé’ymmﬁmwamﬂﬁaﬂﬁmaamgﬂﬁﬂuﬁa%’ﬂﬁﬁnﬂmﬁq@ﬁﬁ

NAN3ENUADANUAINAABTIEIN WA AN fmSUT UL aunasinlra (lotic
ecosystem) mﬂ%ﬁamﬁamimwnﬂumm@mé’nﬁﬁwamzm@iaqmmwmauma’oﬁw 9
sonadauiiaslliinnunansiausslnsssossnuvesaedifiafiondoluszuning

¢9nE17 (Allan and Flecker 1993; Allan, 2004) HansaNwNASIHLaasIWAREINANTENY
maom?ﬁﬁmwmmimiaqmmwmauma’aﬁw ANURNNTRALAZLATIRTIFIANVBILAR
Tudludszmnalng namsiensd CCA uaaslifiuanuuandsasiiasanisfinednen
POIREIDNG B IUNRITUG LA AT uAz AN TN WA Lmdmwﬁﬂﬁagluﬁuﬁ
Lm:rmmsuﬁqmﬂgﬁmaaﬁﬂgoﬂ’h ﬁwmiﬁ']VLWmeam{ﬁgandﬁ ALaagpassnnsin i
yaginluiwimansesnnniunasadoluiufithannnit 2 wih wenanitunasende
AuwAnsnuessadirsuiitesnia wamsﬁﬂmf‘:aa@ﬂSTaarTumsﬁﬂm’é‘u6] LB
Kasangaki et al. (2008) ﬁﬂmwmﬂéwmﬂuﬁuﬁn’rsl,nwﬂuﬂszmﬂgn'mm Jernsin
Iniannnidssluiudidmanowin wenwileannifasasunl Tasudumeoninuas
unssanAudINaNNLANaAIa 1IN kBEATY Lmdomﬁﬂﬁagiuﬁuﬁmwsmwﬁﬁﬁuﬁw
woanunasanduluiufith nmsamsihiieldiduiaudwiumaneas lasamizadnaba

[%
a o A

NN INanIzNUagIsNINdanNuRaINTHe LLﬂZIﬂiGN%"N‘g&I“HW’II DILNRIIUGN T

D.

a d d g 1 g/ & o A g’ o v a :/ AI J {
T gNedaluunasinn ms‘mmUﬁmumml%qmﬁgmaau’nwwmﬁaaﬁnﬂ
A A

' Ly a o & A A gA 1 ' Aad £ o ¢
Ardwihtidesiuuasuan  asuualdsnlimansonudegunningsluazgyiuian
WARIDNABNY T9acdnalAnnunanaialuiniiandunuanad (Hamada et al, 2002;
Allan, 2004)
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miﬁﬁmﬂﬁﬁuﬁmanmﬂa:daNa@iaqmm]ﬁmaaLmﬁm‘fﬂ S9NNANIZNLADNT
WINAVDIRU A S‘fﬁﬁ]:ﬁﬂﬁlﬁ@mﬂ:&?ﬂamsmmi@me]aagij&m{ﬂ NANTENUIINNL
msl,ﬁmaoﬂ%mmuaaa:ﬁﬂﬁm%iwsfl,ul,mdmi']Lﬁ]‘%ﬁgLﬁUI@"L@TE}ﬂNTJ@L% mstRnTwa
sneluunaninvn e nuna NaN BT I UA1aAR miﬁﬂmluqkﬂwuim’miﬁﬂ
fnanTenULTIaUd a8 a uIBILUAIIWEN (Zhang et al., 1998)

m‘n‘hmmﬁ‘ﬁmfﬂuﬁyuﬁmumnsmLﬂuﬁa%‘ﬂﬁﬁhﬁ'@ﬁmNa@'amm%mﬂ%mzl
POIUNRII U ﬂ’]iﬁﬂ‘]ﬂﬂu%a’]Emuﬁﬂ’]ﬂ‘llaGIﬂﬂLLﬁ@]GlﬁLﬁ%ﬁdﬂ’]’]&lﬁ’]ﬁfyﬂladﬁﬁ%&liﬁ@ia
mﬁwmﬂv\mmjaaé’@ﬂﬂﬁmz@né’mé’ﬂmmém{ﬁ LG Subramanian et al. (2005) WU
<6mwmﬂmﬁmaaé’f@]’?’l&ifms:(g]ﬂé’u%é’ﬂuﬁuﬁm&iﬁﬁﬁmﬁﬁﬁﬁaﬂﬂiﬂuﬁuﬁﬁﬁﬁﬁm{w
14 Western Ghats 1Uszin@dulfie Dudgeon (2006) wu’hﬁﬂmﬂuﬁuﬁﬁgmummm
TSI Tuiufimsinees lwnmzga1nd (Sulawesi) Uszinadulaibids fanunain
%ﬁ@maﬁmﬂﬁﬁm:@ﬂ&u%ﬁaﬁaUﬂiﬂuﬁuﬁﬁ%gmumu Lorion WAz Kennedy (2008)
‘wmfﬂéﬁmiﬁﬁﬁﬁmﬁ’]ﬁmm%mﬂﬁmwaaé’mﬂ&iﬁmz@ﬂﬁmﬁmﬁﬁu (benthic
mecroinvertebrates) A nNIAWAR IR Tudrssuesdssinanasaism  (Costa
Rica)

wonwilaannanuLanassaInNuRaINTie S1snsiuiufituasiufiineanssy
mMeeTzAlag ANOSIM wuinfanuuandssaslaseanediny asaniufinsineas
ﬁ'uﬁyuﬁﬂwvl,ajﬁLLmﬁv'ummuﬁmam%ﬁdowa@iamsawﬂwswﬁummmﬁm FIUAINY
uanesaslassaedsnuvauaudly 2 ﬁuﬁfiamﬁ]:ﬁmm@mé'ﬂﬁnﬂm']mmn@m
NMIBIFAINGIVRILREIDNFAE (McCreadie and Adler, 2006) wuassuinAnsldannluunas
aﬁﬁﬂluﬁuﬁﬂﬂ l@wn S. nakhonense S. asakoae S. trangense Wae S. angulistylum
ynAatldsanuannluiudinuasnssy leun S. aureohitum MNANTILATZH DFA WU
S. aureohirtum Lﬂuaﬂ%sfﬁﬁmwuéwﬁtyﬁqmlummmLLsmLmsimé'mzmwﬁuﬁmimﬁm
AURUATN MTHAT12% CCA WUIWNAISUAN S. aureohirtum agluum\ﬁmﬁﬂﬁﬁ@hmim
1ol LLazqm%Qﬁmaoﬁwga wanniisadlwunasaneende "l;iﬁmsﬂﬂﬂqmaoﬁauﬂa@
YosR3uLin %a@uamauﬁ'ﬁmaaLmﬁiamﬁ'ﬂluﬁuﬁmimwm WUAYIUEN S, aureohirtum
Lﬂuaﬂ%ﬁﬁﬁﬁwaa@hqnmgﬁ LLa:@i’m’liﬁ’leWW’]gdﬁq@ I@quﬁgﬁmaumdamﬁﬂﬁwu
LLwaagu@'iWﬁ@f:a%iizwm 16.9 °C — 37.9 °C LLazﬁ’lﬂ’ﬁﬁ’leWW’m%iisz’m 3 pScm'1 — 487
pScm'1 iia9nuuasTue e Edianansanuaasnwinedaniuandranwldasngmunn
SN I BB 89T BIRANIAR BN MSFNHATNTIY ﬁ%waﬁﬂﬁa’ﬂ%ﬁ%‘uﬂgmﬁﬁuf
luanunssande v S. aureohirtum faavag et MNEWIBLRRINFERE Tl AU
INMAINTIY WUIN 27% VBSUWRIANFEWL S. aureohitum IRBIEUEEALUYNUL Wa

= g o 2 o = a A ) & 2 o A
ﬂ']iﬁﬂ'iﬂ"]uﬂa’]Elﬂa\‘]ﬂUﬂqiﬁﬂﬂqiuﬂizLV]?[‘]JTVD’QVIWU'J"I S. perflavum L ULURITUAIN N
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damIifsuuiasesundsanduiiiananianssuvesuysd (Hamada and Adler, 1999
Hamada et al., 2002)
I@Uﬁ;ﬂﬂwsﬁﬂﬂﬂﬁuuﬂﬁﬂ91ua:ﬂawu%awnmﬁ@maauuaa%uﬁwlunﬁﬂ
o A A o o o =2 A A
azInaandudnitavaslszineaing 1@Naaaﬂﬂaaaﬂunﬂiﬂﬂhnluguﬂﬂﬂauqmaaiaﬂ Tay
fhisnfinannnigadanisunng/lidnngresunadududazalffluundionds  leud
YUNAVAIUAFIUN AR LAZANUISIVINTELRTN  MAUSuuAgURNINRAINET AW
RANTHA LAz lATIRINFIANVAILUAITUA LAY LAzAWNNTINEAT LEadlRLAKIN
- y . . LY 4,
ﬂwnﬂﬁﬂuuﬂaaaﬂﬁwua@aauaﬁﬂﬂwiﬂi:wwmaauwwﬁﬁwa@aqrunwwmaau%aauw TIRIN
NIENUADANURAINTRALSL LATIFTIFIANYDILNAITUG NNIANBIHEIILRAI IALAWIN
LNRITUALG AR TFUANURINITD LN TNUG D RNINLIAR DNLANG1INW G a9tuIdaald
' A A6 v o 2 o & v A, & A
ANMUUANGIIVDIRUTE  wazlaTIaTIRInNT LN RIS HA NI WaTHUITN TR w8389

FANNLINRON
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WA NNAZAAN Tomksad Ynidaned uazIsaoh WWLEW) (2544) AIWNAINNAILUAL
w”ugmamifwﬂi:mm‘mamﬂéﬁﬁwaﬁyu@‘hZuilizmﬂ'iwy lw: MevwmsIsolasenms
BRT 2544, le,jYI%{ Tl uazSafan dunan (UssanBne) i 286 - 311. FaRan
lasla3sny BRT v3smasiantidninsa $10a nyamnny
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Abstract Habitat degradation through agricultural
land use is the major factor threatening lotic ecosys-
tems. Although black flies are major components of
these ecosystems, the impact of agricultural land use on
species diversity and species assemblages has been
largely ignored in tropical streams of the Oriental
region. The objectives of this study are to examine
patterns of species distribution and species richness
and to compare black fly species richness and species
assemblages in forest and agricultural streams in
Thailand. A total of 143 collections were made from
70 stream sites between June 2007 and May 2008.
Whereas 19 black fly species found in these collections
were all found in forest sites, only 13 species were
found in agricultural sites. High species richness was
associated with larger, faster, and cooler streams with
larger streambed particles and the presence of riparian
trees. Logistic regression analyses revealed that stream
size, velocity, and riparian vegetation are among the
most important factors determining patterns of spatial
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distribution. The results are largely consistent with
studies in other zoogeographic regions, suggesting
the existence of general rules for black fly species
distributions. Comparisons of the physicochemical
conditions between forest and agricultural streams
indicated that streams in agricultural areas are warmer,
with higher conductivity and fewer riparian trees.
Species richness was significantly higher in forest than
in agricultural streams (r = 3.61, P < 0.001). Streams
in forest areas were predominantly occupied by
S. siamense (73%) but other species were also found
at a relatively high frequency (>20%) of the sampling
sites. In contrast, streams in agricultural areas were
predominantly occupied by S. aureohirtum (>80%)
among the sole black fly species at 27% of the sites. The
results indicate that agricultural land use has a signif-
icantly detrimental impact on black fly diversity and
species assemblages.

Keywords Black fly - Species richness - Species
assemblage - Simuliidae - Riparian forest

Introduction

Habitat degradation due to human activity is the
major factor threatening biodiversity. For lotic eco-
systems, disturbance from agriculture is one of the
most important global issues concerning biodiversity
(Matson et al., 1997). Human disturbance for
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agricultural purposes could have several negative
impacts on lotic ecosystems (Allan & Flecker, 1993;
Dudgeon, 2000; Allan, 2004). Despite rapid habitat
destruction as a result of agriculture and urbanization,
knowledge of both the basic ecology and the impact
of habitat degradation on lotic ecosystems is still rare
in the Oriental region (Dudgeon, 2000).

Black flies are important components of the stream
ecosystem. They are usually present as a dominant
component of the stream macroinvertebrates (Cum-
mins, 1987). Knowledge of the parameters affecting
the spatial distributions of preimaginal black flies is
largely from temperate regions (McCreadie & Adler,
1998, 2006; McCreadie et al., 2005) and the tropical
region of South America (Grillet & Barrera, 1997,
Hamada & McCreadie, 1999; Hamada et al., 2002;
McCreadie et al.,, 2004). There has been some
ecological characterization of tropical streams in the
Oriental region, mostly associated with the descrip-
tion of new black fly species (e.g. Takaoka &
Choochote, 2005), but this is limited. The study of
the ecology of black flies in tropical streams of the
Oriental region has been largely untouched to date
due to inadequate taxonomic information. However, a
rapid growth in taxonomic knowledge of black fly,
both morphological (e.g. Takaoka & Choochote,
2004) and cytological in Thailand (Phasuk et al.,
2005; Kuvangkadilok et al., 2008; Tangkawanit et al.,
2009), now allows us to gain an insight into black fly
ecology in this region.

Several factors influence preimaginal black fly
species distributions (Crosskey, 1990; Adler et al.,
2004). Physicochemical factors such as stream size,
velocity, pH, conductivity, water temperature, alti-
tude, riparian forest, and presence of impoundments
(Hamada & McCreadie, 1999; Hamada et al., 2002;
Scheder & Waringer, 2002; McCreadie et al., 2004;
Illésova et al., 2008) are associated with black fly
distribution. Among these factors, stream size, veloc-
ity, and presence of water impoundments play
particularly an important role. In addition to individ-
ual species’ distributions, species richness and
species assemblage are also affected by physico-
chemical factors of the stream (McCreadie et al.,
2005; McCreadie & Adler, 2006). Recent studies
indicate that black fly communities are also impacted
by human disturbance (e.g. Zhang et al., 1998; Feld
et al., 2002; Tl1ésova et al., 2008). Streams change as
a result of urbanization and agricultural land use can
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have profound effects on community structure and
the diversity of black flies (Adler et al., 2004). Thus,
changes in black fly community structure could be
used as an indicator of habitat degradation (Adler
et al., 2004; Lautenschldger & Kiel, 2005).

In this study, we investigate species diversity and
the ecological conditions of the habitat of black flies
in tropical streams in Northeastern Thailand. We also
compare physicochemical parameters of the streams
in forest and agricultural areas and address three
questions: (i) Does the spatial distribution of black
flies in tropical streams of the Oriental region
resemble that of other regions? (ii) Do physicochem-
ical conditions of streams in forest and agricultural
areas differ? and (iii) Do the black fly fauna in forest
and agricultural streams differ?

Materials and methods

Study area and black fly sampling
and identification

The study area is located in the Northeastern
Thailand (Fig. 1). Most of the land in this region
is used for agriculture. The major land uses are the
cultivation of rice, sugar cane, cassava, and rubber
trees. There are patches of forest, mostly in
protected areas. Samples were collected throughout
Northeast Thailand, which covers more than
168,000 km?. Sampling sites were selected in both
forest and agricultural areas based on accessibility.
A total of 143 black fly collections were made from
70 stream sites in three seasons, wet (61 sites
sampling June—October), cold (50 sites sampling
November—February) and dry (32 sites sampling
March-May). Thirty-one of these sites were sam-
pled in all the above three seasons, and collections
were made at the remaining 49 sites in one or two
seasons due to lack of water. Larvae and pupae were
collected by hand from the substrates (such as
leaves or trailing grass), using fine forceps. Previous
studies have demonstrated that the samples collected
by this sampling procedure are representative of
local species occurrence (McCreadie & Colbo,
1991; McCreadie et al., 2004). Larval samples were
fixed in Carnoy’ solution (3:1, 95% ethanol/acetic
acid). Fixative was changed twice within 1 h and
again after 24 h.
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Fig. 1 Map showing the
approximate locations of
the seventy sampling sites
and (inset) map of Thailand
showing the study area
(shaded). AC Amnat
Chareon, CP Chaiyaphum,
KS Kalasin, LO Loei, MH
Mukdahan, NR Nakhon
Ratchasima, SK Si Sa Ket,
SN Sakon Nakhon

Stream variables, found useful as predictors of
species distribution in previous studies (McCreadie &
Adler, 1998; Hamada & McCreadie, 1999; McCrea-
die et al., 2004, 2006), were measured. These
variables are stream width, depth, velocity, stream
discharge, pH, conductivity, altitude, dominant
streambed particle size, canopy cover, and riparian
vegetation. Methods of variable measurement and
classification of streambed particle and riparian
vegetation were adopted according to those of
McCreadie et al. (2006).

Preimaginal black flies were identified using both
morphology and cytology. For morphological identi-
fication, the keys and descriptions of black flies in
Thailand were used (e.g., Takaoka & Suzuki, 1984;
Takaoka & Choochote, 2004). Species that are
morphologically similar or previously reported to be
composed of several cytoforms were identified cyto-
logically. Salivary gland polytene chromosomes were
prepared according to the method of Rothfels &
Dunbar (1953). Voucher specimens have been depos-
ited in the Department of Biology, Faculty of
Science, Mahasarakham University, Maha Sarakham,
Thailand.

£+, Northeastern
" Thailand

10 20 Kilometers

® Forest site

A Agriculture site

Data analysis

Presence/absence of a species was expressed on a
binary scale (0 = species absent, | = species present)
as in previous studies (e.g. Hamada & McCreadie,
1999; McCreadie et al., 2004). To avoid the problem of
seasonal variation, only data from the rainy season (61
sites) were used for spatial distribution analysis.
Because stream variables are often inter-correlated,
principal components analysis (PCA) was used to
reduce the number of variables into groups of inde-
pendent components. Stream variables not normally
distributed were subjected to logj transformation
prior to entering into PCA. The PCs with eigenvalues
greater than 1.0 were retained as variables. To interpret
PCs, Spearman rank correlations were used to detect
relationships between principal component and the
stream variable (McCreadie et al., 2006) using a
significance level of P < 0.01. Forward logistic
regression analysis was used to examine the relation-
ship between spatial distributions and the PCs. The
presence/absence of a water impoundment was also
entered into the regression analysis. Significance of the
predictor was assessed using maximum likelihood
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estimation (Hosmer & Lemeshow, 1989). The use of
species that are present at a frequency lower than 20%
results in lack of power of the test statistic due to a large
number of zero values (McCreadie et al., 2005), and
hence, only species that occurred at more than 20% of
the sampling sites were used for regression analysis.

Linear regression was used to test the relationship
between species richness (i.e., number of species in
each sampling site) and the physicochemical param-
eters of the sampling sites (i.e., PC score). Previous
studies suggest that for species richness analysis,
both spatial and temporal data need to be taken into
account (McCreadie et al., 2005); thus all collections
(143 sites) were subjected to PCA, and the PC scores
were used for regression analysis.

Species assemblages were examined using the
combined data from pooling the samples from the
three seasons. Differences in species assemblages and
environmental conditions between forest and agricul-
tural streams were tested using analysis of similarities
(ANOSIM) (Clarke & Warwick, 1994). ANOSIM
analysis was implemented using PAST version 1.81
(Hammer et al., 2007). Discriminant function analysis

(DFA) was used to determine the factor that most
significantly contributed to differentiation of streams
in forest and agricultural areas. Standardized coeffi-
cients from the first discriminant function were used to
indicate the most important variable (or species) that
contributed to separation of the streams. Student’s
t-test was used to determine the differentiation of
species richness between forest and agricultural
streams. Canonical correspondence analysis (CCA)
was used to examine the relationship between envi-
ronmental variables and species assemblages. CCA
was analyzed using the combined data set (143 sites).
The CCA was carried out using the program PCORD
(version 5.14) (McCune & Mefford, 2006).

Results

Black fly species richness and species
assemblages

A total of 19 black fly species were found in 143
collections (Table 1), representing about 26% of the

Table 1 Frequency of black fly species in Northeastern Thailand during June 2007—-April 2008

Species

% Occurrence (N)

Forest (64) Agriculture (79) Total (143)

Simulium angulistylum Takaoka & Davies
S. asakoae Takaoka & Davies

S. aureohirtum Brunetti

. chainarongi Kuvangkadilok & Takaoka
. decuplum Takaoka & Davies

. fenestratum Edwards

. feuerborni Edwards

gombakense Takaoka & Davies
nakhonense Takaoka & Suzuki

. oblongum Takaoka & Choochote

. quinquestriatum Shiraki

. rufibasis Brunetti

. sheilae Takaoka & Davies

. nr. sheilae Phasuk, Chanpaisaeng, Adler &Courtney
. siamense Takaoka & Suzuki “A”

. tani Takaoka & Davies “G”

. weji Takaoka

. yuphae Takaoka & Choochote

L ta v 1 ' @ 11 1 11 L1 '!a 'ta \!a Yy

Simulium sp.

21.9 5.1 12.6
21.9 13.9 17.5
40.6 82.3 63.6
4.7 2.5 3.5
4.7 0 2.1
12.5 11.4 11.9
4.7 0 2.1
3.1 1.3 2.1
29.7 10.1 18.9
9.4 3.8 6.3
7.8 0 3.5
3.1 0 1.4
12.5 3.8 1.7
14.1 3.8 8.4
73.4 59.5 65.7
4.7 0 2.1
4.7 6.3 5.6
6.3 0 2.8
9.4 6.3 1.7

Letter in quotation marks denote cytoforms
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total black fly species found in Thailand (73
species—Kuvangkadilok, unpublished data). The
most frequently collected species were S. siamense
(65.7%) and S. aureohirtum (63.6%). Relatively
common species were S. nakhonense (18.9%), S.
asakoae (17.5%), S. angulistylum (12.6%), and S.
fenestratum (11.9%). Other species were collected at
a frequency lower than 10% (Table 1). Numbers of
black fly species per sampling site for all the samples

(143 sites) varied from 1 to 8, with a mean of
2.5 £ 0.1 (SE).

PCA of all collections (143 sites) revealed five PCs
which had eigenvalues >1.0 accounted for 78.1% of
the total intersite variance of the physicochemical
conditions (Table 2). PC-1 and which explained
24.3% of the total variance. Spearman’s rank corre-
lations revealed that sites with higher PC-1 were
larger, deeper, and faster, with lower pH and

Table 2 Results of PCA and Spearman’s rank correlation coefficient between stream variables and principal components (PCs) for

all collections combined and for rainy season collections alone

Variable Stream sites Principal components
Min Max Mean (£SE) PC-1 PC-2 PC-3 PC-4 PC-5
All (143)
Width (m) 0.13 25.00 1.33 £ 0.24 0.745*%*  —0.041 0.163 0.201 —0.098
Depth (m) 0.008  0.33 0.07 £ 0.005 0.590**  —0.267* 0.367** 0.075 0.482%%*
Velocity (m/s) 0.21 1.60 0.67 £ 0.02 0.688%** 0.084 0.383**  —0.095 —0.162
Discharge (m’/s) 0.0003  3.06 0.10 £ 0.03 0.836**  —0.110 0.366%** 0.131 0.134
Altitude (m) 132.00  1302.00 379.66 + 21.01 —0.200 0.513%%* 0.463**  —0.227* —0.062
pH 5.03 8.89 6.67 £ 0.06 —0.333%* 0.577**  —0.165 0.555**  —0.099
Conductivity (uS/cm)  3.00 487.00 75.58 £+ 9.80 —0.370%* 0.181 0.404%* 0.618%* 0.015
Temperature (°C) 16.90  37.90 25.78 + 0.28 —0.016 —0.510%*%  —0.499%*  —0.246* 0.078
Stream-bed particle Mud Bedrock 0.324%* 0.497**  —0.492%*%  —0.083 —0.481%*
Riparian vegetation Open Forest 0.425%%* 0.657**  —0.374%* 0.020 0.286*
Canopy cover Open Complete 0.247* 0.676*%*  —0.133 —0.003 0.493%*
% Variance explained in PCA
Proportion 243 20.2 14.2 10.2 9.2
Cumulative 243 44.5 58.7 68.9 78.1
Rainy season (61)
Width (m) 0.22 25.00 1.90 £ 0.53 0.615%*  —0.622%%* 0.109 —-0.139 0.177
Depth (m) 0.01 0.33 0.10 £ 0.01 0.164 —0.269 0.284 0.679**  —0.365
Velocity (m/s) 0.28 1.60 0.79 £ 0.04 0.549**  —0.049 0.510**  —0.095 0.220
Discharge (m’/s) 0.001 3.060 0.18 £ 0.06 0.607**  —0.622%%* 0.210 —0.109 0.128
Altitude (m) 132.0 1302.0 391.64 £+ 35.43 0.120 0.615%%* 0.568**  —0.248 —0.245
pH 5.03 7.74 6.26 £+ 0.08 0.278 0.413* —0.542%* 0.209 0.464+%*
Conductivity (uS/cm)  3.00 487.00 66.42 + 14.56 —0.064 0.360%* 0.263 0.460%* 0.523%#%
Temperature (°C) 20.00  36.00 26.20 £+ 0.37 —0.441%*  —0.600%*  —0.455%%* 0.081 0.083
Stream-bed particle Mud Bedrock 0.595%%* 0.222 —0.303 —0.531%* 0.025
Riparian vegetation Open Forest 0.728%** 0.180 —0.379* 0.305 —0.056
Canopy cover Open complete 0.536%* 0.420* —0.254 0.309 —0.375*
% Variance explained in PCA
Proportion 24.5 20.7 14.5 11.3 9.3
Cumulative 24.5 45.2 59.7 71.0 80.3

* P <0.01, ** P <0.001
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conductivity, larger streambed particles, and more
cover and riparian trees. PC-2 explains 20.2% of the
total variance. Sites with higher PC-2 score were at
higher altitude, had a higher pH, and were cooler, with
larger streambed particles and more cover and riparian
trees. PC-3 accounted for 14.2% of the total variance.
Sites with higher PC-3 scores were larger, faster, and
deeper, with higher altitude, higher conductivity, and
cooler with smaller streambed particles, and less cover
and riparian trees. PC-4 explains 10.2% of the intersite
variance. Sites with higher PC-4 were higher in pH
and cooler, with smaller streambed particles and less
riparian trees. PC-5 accounted for 9.2% of the total
variance. Sites with higher PC-5 scores were deeper
and had smaller streambed particles, with more cover
and riparian trees. Regression analysis between spe-
cies richness and PCs revealed that species richness
was significantly associated with PC-1 and PC-2. The
regression equation is species richness = 2.48 + 0.44
PC-1 4+ 043 PC-2 (F=120096, df =2, 140; P <
0.001; Ridj = 21.9%).

CCA indicated that altitude, stream width, dis-
charge, conductivity, water temperature, canopy

predictors of the black fly species assemblage (Fig. 2).
Relationship between species and environmental
conditions was high (>0.738) for the first three
canonical axes, indicating that the variables used in
this study were strongly related to black fly species
assemblage. This is supported by a Monte Carlo
permutation test, which indicated a significant rela-
tionship between environmental conditions and
species (P = 0.001). Altitude and water temperature
were the most important factor on the CCA axis |
(Fig. 2). Species associated with high altitude sites
(bottom right, Fig. 3) were, for example, S. feuerborni
and S. yuphae. The upper right side of the biplot is
composed of sites with high water conductivity. Black
fly species found predominantly at these sites are S.
weji, S. asakoae, and S. fenestratum. The bottom left
panel of the biplot is characterized by sites with large
size, high discharge, and large streambed particles
(e.g. boulders). These sites were predominated by
species such as S. nakhonense, Simulium sp., S.
quinquestriatum, S. chainarongi, and S. angulistylum.
The upper left panel of the biplot is composed of sites
with warm water and open stream sides (i.e., without

cover, and riparian vegetation were the most important riparian vegetation), which is characteristic of
Fig. 2 Ordination diagram A ~
of the first two axes of 2
canonical correspondence 2 A AA a
analysis (CCA) of 143 A a b
sampling collections
(closed triangles represent A A A A A
forest sites; open triangles A M A A
represent agricultural sites). Aa A A A
Arrows denote A A AYA A A
X . AL A AL A A
environmental variables A A A N A
with strength of the A A A anAlACONDUCT A
. .. A A
Ftn\{lronmental condition A TEMP A A A A A
indicated by arrow length A A A A,
d closeness to the CCA a [AY A 4 Axis 1
an A A _Ap A 4
axis A Y Ry
A A A:AA A, A ALT
AA A WIDTH A
A A PAR& E A COVEE
A AORRSReaman &
A N A A A A A
A A
A A
A
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A h
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Fig. 3 Ordination diagram
of the first two axes of
canonical correspondence
analysis (CCA) of the 19
black fly species

S. gombakense 8

Axis 2

S. weji
® )

b S. aureohirttum

S. asakoae
® S fenestratum

S. nr. sheilae Axis 1
»

S. sheilae [J
S. siamense A
S. oblongum
S. chainarongi
S. nakhonense
. )

@ Simulium sp.
S. angufistylum

S. quinquestriatum [ ]
L ]

agricultural streams. Black fly species predominating
at these sites are S. aureohirtum and S. gombakense.

Pattern of spatial distribution

PCA of 61 sites collected in the rainy season revealed
five principal components with eigenvalues >1.0.
These principal components together accounted for
80.3% of the total variance in the sampled conditions
among streams (Table 2). Principal component 1
(PC-1) accounted for 24.5% of the variation among
streams. Sites with higher PC-1 scores are larger and
faster, with greater discharge, and more cover and
riparian trees, and cooler and larger streambed
particles. PC-2 accounted for 20.7% of intersite
variability. Sites with higher PC-2 were at higher
altitudes, cooler, smaller, and had higher pH and
conductivity and more cover. PC-3 explained 14.5%
of the site variability. Sampling sites with higher PC-
3 values were lower in pH, at higher altitude and
flowing faster with less riparian vegetation. PC-4
accounted for 11.3% of the between-stream variation.
Sites with higher PC-4 values were deeper with

S. feuerbomi

S. yuphae ° [ ]
S. tani G
*
S. decuplum
*®
S. nifibasis
L J

smaller streambed particles and higher conductivity.
PC-5 accounted for 9.3% of the intersite variation.
Sampling sites with higher PC-5 values had higher
conductivity and pH, and were shallower with less
cover.

Forward logistic regression analyses were conducted
for the four species (S. siamense, S. aureohirtum,
S. angulistylum, and S. nakhonense) which could be
found at >20% of the sampling sites. All regression
models of species distribution were significant
(P < 0.001, Table 3) with correct classification varying
from 75.4% to 95.1%. PC-1, which largely explained
stream size, velocity, and streambed particles, was
significantly associated with the distributions of three
species (S. aureohirtum, S. angulistylum, and S. nak-
honense). Simulium aureohirtum was negatively
associated with PC-1; thus, this species is more common
in smaller, slower streams, with open and small
streambed particles. The distributions of S. angulistylum
and S. nakhonense were positively associated with PC-
1; thus, these species are more common in larger, fast
flowing streams with large streambed particles and more
cover. The distribution of S. siamense was negatively
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Table 3 Regression analyses for the distribution of preimaginal black fly species in streams from Northeastern Thailand for 61 sites

of rainy season collections (June—October 2007)

Species Regression coefficient” P Correct (%)
K PC-1 PC-2 PC-3 PC-4 PC-5 Impound

S. aureohirtum —0.002 —2.250 0.999 - - - - <0.001 75.4

S. siamense “A” 0.778 - - —1.089 - - - <0.001 78.7

S. angulistylum —1.569 1.078 - - - - - 0.001 82.0

S. nakhonense —4.312 6.307 —5.183 —3.705 —2.109 - - <0.001 95.1

Only species that were present at >20% of the sampling sites were analyzed

 For logistic regression p; is the probability that a species is present at the i-th site, and p; = /(1 + ) where L = By +
BX;+ ... +B;Xj;, where X; ... Xj; are predictor variables and B; ... B; are the regression coefficients for linear regression of the

74
predictors. K = the intercept

associated with PC-3; thus, this species is common at
sites with high pH, slow current, low conductivity, at
low altitude, with riparian forest.

Ecological conditions and species assemblages
in forest and agriculture streams

ANOVA revealed that, with the exception of altitude,
depth, and pH, all other variables measured differed
significantly between forest and agricultural streams
(Table 4). Streams in forests are larger, faster, and
with larger streambed particles. Conductivity and

water temperature were higher in agricultural
streams, which have less cover and riparian trees.
Species richness also differed between forest and
agricultural stream sites; 19 species were found at
forest sites, whereas only 13 were found at agricul-
tural sites. The mean number of species between
sampling sites in the forest (2.91 £ 1.48) and agri-
cultural streams (2.13 & 0.99) was significantly
different (+ = 3.61, P < 0.001).

ANOSIM indicated a significant difference
(R=0.343, P <0.001) in species composition
among forest and agricultural streams. DFA based

Table 4 Physicochemical conditions for forest and agricultural streams and the results of ANOVA and Kruskal-Wallis tests for

differentiation between the two types area

Variable Forest Agriculture Test statistic P
Mean (£SE) Range Mean (£SE) Range

Width (m) 2.02 (0.51) 0.14-25.00 0.77 (0.09) 0.13-6.00 7.20° 0.008
Depth (m) 0.06 (0.01) 0.01-0.23 0.07 (0.01) 0.01-0.33 1.32° 0.253
Velocity (m/s) 0.72 (0.04) 0.21-1.60 0.62 (0.27) 0.23-1.40 4.69° 0.032
Discharge (m/s) 0.17 (0.06) 0.0007-3.06 0.04 (0.01) 0.0003-0.28 5.63* 0.019
Altitude (m) 407.82 (39.33)  132.00-1302.00  356.85 (20.69)  149.00-749.00 1.46* 0.229
pH 6.76 (0.10) 5.50-8.89 6.60 (0.08) 5.03-8.49 1.47° 0.228
Conductivity (uS/cm) 47.52 (9.02) 6.00-339.00 98.32 (15.76) 3.00-487.00 6.92* 0.009
Temperature (°C) 24.90 (0.41) 16.90-37.90 26.51 (0.37) 19.10-36.00 8.60° 0.004
Streambed particle size 6° 1-6 3° 1-6 32.02° <0.001
Coverage 2° 1-3 1° 1-3 25.91° <0.001
Riparian vegetation 3° 1-3 1° 1-3 65.18° <0.001

4 F values for ANOVA analysis

® Median values for the streambed particle size [range from 1 (sand) to 6 (bedrock)]; for coverage values range from 1 (<10%
covered) to 3 (completely covered); and values for riparian vegetation range from 1 (grass land) to 3 (trees) along stream (McCreadie

et al. 2006)

¢ H values for Kruskal-Wallis test
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Table 5 Results of discriminant function analysis (DFA) of the correspondence between black fly species and area type (forest or
agriculture) of stream origin for preimaginal black fly species in Northeastern Thailand, June 2007-April 2008

Summary statistic Discriminant variables

Stream conditions Species
% Correct (N)
Forest (64) 88.9 76.6
Agriculture (79) 94.1 72.2
Total (143) 91.8 74.1
Standardized coefficient® Width 1.260 S. aureohirtum —0.674
Discharge —1.105 S. nakhonense 0.517
Riparian vegetation 1.038 S. nr. sheilae 0.430
Conductivity —0.478 S. asakoae 0.270
Depth 0.427 S. angulistylum 0.247

? Only the first five variables that have the highest absolute values of the standardized coefficient are presented

on species indicated that most streams could be
correctly assigned to region of origin (i.e., forest or
agricultural area). The overall percentage correctly
assigned was 74.1%, with 76.6% and 72.2% for forest
and agricultural regions, respectively (Table 5). The
standardized canonical discriminant function coeffi-
cient indicated that S. aureohirtum, S. nakhonense,
and S. nr. sheilae are among the most important
species contributing to regional separation (Table 5).
DFA based on stream site conditions also showed that
most streams (91.8%) could be correctly assigned to
region of origin with 88.9% and 94.1% of stream sites
correctly assigned as forest and agricultural streams,
respectively (Table 5). Based on the absolute value
of standardized canonical discriminant function
coefficients, the most important stream conditions
contributing to the differentiation of streams are
stream width, discharge, riparian vegetation, and
conductivity (Table 5).

Discussion

Species richness and spatial distribution
of preimaginal black flies in Oriental streams

Previous studies found that the most important factors
influencing preimaginal black fly species distribution
are stream size, velocity, and presence of impound-
ment (Grillet & Barrera, 1997; McCreadie & Adler,
1998; Hamada & McCreadie, 1999; Hamada et al.,
2002; Scheder & Waringer, 2002; McCreadie et al.,

2004). Our results showed that the distribution of
preimaginal black fly species in tropical streams of
the Oriental region were consistent with the patterns
found in other regions. We found that the distribu-
tions of four common black fly species are related to
stream size, velocity, and riparian vegetation (i.e.,
PC-1). The consistency of our results with other
studies from other regions suggests general rules for
black fly distribution.

Previous studies have indicated that both temporal
and spatial variations need to be taken into account in
considering patterns of species richness (McCreadie
et al., 2005). Consequently, we used the whole data
set (i.e., all the seasons and both the forest and
agricultural regions) to analyze patterns of species
richness. Regression analysis revealed that species
richness was associated with large, fast flowing
streams, large streambed particles, and cool water at
high altitude with cover, and riparian forest along the
stream. This is largely consistent with the pattern of
species richness found in previous studies: Hamada
et al. (2002) found that species richness was associ-
ated with larger streams, cooler water temperature,
faster flowing, and larger streambed particles; Grillet
& Barrera (1997) found higher diversity in larger
streams; and Scheder & Waringer (2002) found that
species richness of black flies in European streams
increased with current velocity and size of streambed
particle.

Species diversity is usually related to microhabitat
diversity (Ward, 1992). Large streams with fast flow
and larger streambed particles could provide more
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microhabitats within a single stream as there is likely
to be some variation throughout the steam in current
velocity. Consequently, more species might be able
to inhabit this type of stream than small streams with
slow flowing water and small streambed particles in
which water velocity is more homogenous. The
presence of riparian trees, which is directly related
to stream cover, could also play an important role in
species diversity. Several studies found a relationship
between riparian trees and benthic macroinvertebrate
diversity (e.g. Sponseller et al., 2001; Subramanian
et al., 2005; Dudgeon, 2006; Kasangaki et al., 2008).
For black flies, the role of riparian trees on species
diversity is sparsely documented. Lautenschliger &
Kiel (2005) found an association between riparian
vegetation and the distributions of some black fly
species in Europe. The presence of riparian trees
prevents light penetration, which moderates temper-
ature. Streams with cooler water could support more
species because black flies are usually intolerant of
high water temperature (Crosskey, 1990) (see below).
Roots and fallen leaves provided by riparian trees are
also important substrate for the attachment of
preimaginal black flies; therefore, more diverse types
of habitats are available. Other factors known to be
associated with black fly species richness are rainfall
rate, water temperature (Colbo & Moorhouse, 1979),
and distance from water source (Scheder & Waringer,
2002).

Effects of agriculture on physicochemical
conditions and black fly species assemblage

Habitat degradation as a result of anthropogenic
disturbance is a major impact threatening biodiversity
worldwide. For the lotic ecosystem, land use for
agriculture is one of the most important factors
affecting water quality and consequently, species
richness and assemblage (Allan & Flecker, 1993;
Allan, 2004). Our results revealed the impact of
agriculture on physicochemical conditions and black
fly species assemblages in tropical streams. The first
two CCA axes indicated the differentiation of
agricultural and forest sites (Fig. 2). The general
conditions of agricultural sites are warmer, with
higher conductivity and more open streams (i.e.
without riparian trees). Mean water conductivity in
agricultural streams was two-fold higher than those
of forest streams (Table 4). These results were

@ Springer

consistent with other studies. For example, Kasangaki
et al. (2008) found that in Uganda, streams in
agricultural areas had much higher conductivity than
streams in forest area.

Another factor that is distinctly different between
forest and agricultural sites is the lack of riparian
forest in agricultural areas (CCA plot; Fig. 2). The
removal of riparian forest for agricultural purposes
could have profound effects on stream ecology (Allan
& Flecker, 1993). Riparian forest provides shading;
removing it from stream sides will therefore increase
water temperature, which might eliminate intolerant
species from a stream (Allan, 2004), and reduce local
species richness (Hamada et al., 2002; Allan, 2004).
Increased light penetration and nutrient concentration
due to bank erosion as a consequence of riparian
removal could also increase algal production. This
could impact black fly diversity, as a negative
relationship between algal cover and black fly
diversity on the substratum and black fly species
richness has been reported (Zhang et al., 1998).

We found that species diversity was significantly
lower in agricultural than in forest streams. Our
results, thus, reveal the impact of habitat degradation
through agricultural land use on black fly diversity. A
major contribution to habitat degradation is the
removal of riparian trees, as this is one of the major
factors differentiating stream sites in forest and
agricultural areas. Several studies have indicated the
important role of riparian forest on macroinvertebrate
diversity in the tropics. Subramanian et al. (2005)
found that the diversity of stream insects in the
Western Ghats, India, was lower in open streams than
in the streams with riparian trees. Dudgeon (2006)
found that streams in areas of human impact (e.g.,
agricultural land) have fewer species of macroinver-
tebrates than those in pristine forest streams in
Sulawesi, Indonesia. Lorion & Kennedy (2008) found
that streams with riparian vegetation support a greater
diversity of benthic macroinvertebrates in tropical
streams of Costa Rica.

We found a significant difference in species
composition between sites in forest and agricultural
areas based on ANOSIM. Given that there is no
apparent geographical barrier for adult dispersal
between forest and agricultural streams, differences
in stream conditions likely account for differing
species composition (McCreadie & Adler, 2006).
Species that preferentially occur in forest stream sites
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are S. nakhonense, S. asakoae, S. nr. sheilae, and S.
angulistylum. These species are found in streams with
low temperature, large size, and fast flow with cover
and riparian trees, the characteristics of forest sites.
Stream sites in agricultural areas are less diverse: S.
aureohirtum was a dominant species at agricultural
sites being found at >80% of the sampling sites
(Table 1) and in fact only two species were present at
>20% of the sampling sites in agricultural areas. In
contrast, streams in forest areas, although predomi-
nated by S. siamense (73%), also had other species
present at relatively high frequencies (Table 1).
Based on the standardized coefficient of the DFA,
S. aureohirtum was the most important species
differentiating forest and agricultural stream sites.
The first two plotted axes of CCA indicate that S.
aureohirtum prefers high conductivity and warm,
open streams, which are characteristic of agricultural
areas. This species has the greatest range of temper-
ature and conductivity compared to all other species
found in this study. Its habitat temperature range was
between 16.9 and 37.9°C and conductivity between 3
and 487 uScm_l. Thus, this species can be consid-
ered as a tolerant species. Other species that are
sensitive to physicochemical change would be elim-
inated from stream sites impacted by agriculture
whereas S. aureohirtum would persist. We found S.
aureohirtum to be the sole black fly species at 27% of
agricultural stream sites. Similar results have also
been reported in other regions. For example, S.
perflavum is a dominant species found in anthropo-
genically impacted streams in Brazil (Hamada &
Adler, 1999; Hamada et al., 2002).

In conclusion, we found that the spatial distribu-
tions of black flies in the Oriental region resemble
those in the Nearctic, Neotropical, and Palearctic
regions. This indicates there is a general rule for
black fly species distributions in which the most
important factors are stream size and velocity.
Comparison of streams in forest and agricultural
areas differed in both species assemblage and rich-
ness, reflecting differentiation of the physicochemical
conditions of the two regions. Our results indicate
that anthropogenic impacts could change the com-
munity structure and diversity of black flies. Finally,
because different species vary in their tolerance level,
black flies can be useful indicators of stream degra-
dation (Adler et al., 2004; Lautenschliger & Kiel,
2005).
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Abstract: Simulium (Gomphostilbia) kuvangkadilokae sp. nov. is described based
on male, pupal and mature larval specimens collected from northeastern Thailand.
This species is assigned to the varicorne species-group of the subgenus Gomphostilbia
based on the adult antenna composed of the scape, pedicel and eight flagellomeres.
The pupal gill, which is composed of two V-shapes inflated elements with 12 thread-
like filaments, is very distinctive and easily separates this new species from the other

known species.

Key words: Black fly, Gomphostilbia, Simuliidae, Simulium, varicorne species-group

INTRODUCTION

A total of 72 species of black flies were
found in Thailand. These species were
assigned to six subgenera of the genus
Simulium; Asiosimulium Takaoka and
Choochote, Daviesellum Takaoka and
Adler, Gomphostilbia Enderlein, Montisi-
mulium Rubstov, Nevermannia Enderlein,
and Simulium Latreille (Takaoka and
Choochote, 2004a, b, 2005a-j, 2006a—d,
2007; Phasuk et al, 2005; Jitklang and
Kuvangkadilok, 2008). Gomphostilbia is
the second largest with 17 species
assigned to this subgenus. Worldwide
there are 163 species of the subgenus
Gomphostilbia assigned into nine species-
groups (Adler and Crosskey, 2008). The
varicorne-species group is a small group of
the Gomphostilbia represented by only six
species (Adler and Crosskey, 2008). In
Thailand, there are three species of
varicorne-group: Simulium (Gomphostilbia)
burtoni Takaoka and Davies, S. (G.)
chumpornense Takaoka and Kuvangka-

dilok, and S. (G.) novemarticulatum Taka-
oka and Davies. We discovered a new
species in the subgenus Gomphostilbia
during observations of the black flies in
northeastern Thailand, which is described
based on male, pupa and mature larva.

MATERIALS AND METHODS

All larvae were fixed in Carnoy's solu-
tion (1 : 3, glacial acetic acid: 95% ethanol).
Three adult males were reared from pupae
and fixed in Carnoy’s solution. Mo-
rphological characters were compared
with the descriptions of black flies from
West Malaysia and Thailand (Takaoka
and Davies, 1995; Kuvangkadilok and
Takaoka, 2000; Phasuk et al., 2005). Adult
male reared from a pupa were dissected,
head and genitalia were cleared with 85%
lactic acid and placed in glycerine to illus-
trate and photograph diagnostic mo-
rphological characters. Pupae were placed
in acetic acid and examined under a stereo
microscope and photographed. Hypo-
stoma, postgenal cleft, and mandible of
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the mature larva were placed in a drop of
509% acetic acid on a microscope slide and
cover slip was applied and each part was
photographed. Morphological terminolo-
gy follows that of Takaoka and Davies
(1995).

The holotype of the new species is
deposited in the Natural History Museum,
Prathumtani Province, Thailand. The
paratypes of this new species are
deposited in the Department of Biology,
Faculty of Science, Mahasarakham Uni-
versity, Maha Sarakham Province, Thai-
land.

Simulium (Gomphostilbia)
kuvangkadilokae sp. nov.

DESCRIPTION. Female. Unknown.

Male. Body length (n=23) 2.0-2.2 mm. Head.
Slightly wider than thorax. Upper eye consist-
ing of 9 or 10 vertical columns and 12 horizon-
tal rows of large facets. Face brownish black
with white pruinose. Clypeus brownish black,
white pruinose, covered with dark brown hairs.
Antenna (Fig. 1A) composed of scape, pedicel
and 8 flagellomeres, dark yellow on scape and
pedicel, 1st, 2nd, and 4th flagellomeres whitish
brown, 3rd, and 5th to 8th flagellomeres dark
brown. Maxillary palp (Fig. 1B) composed of 5
segments, brown, proportional lengths of 3rd, 4
th, and 5th segments 1.0:1.25:3.0, sensory
vesicle small, ellipsoidal, 0.38 times as long as 3
rd segment. Thorax. Scutum black, with white
pubescence and densely covered with whitish
yellow short hairs. Scutellum brownish black,
densely covered with yellow short hairs as well
as several dark brown long upright hairs.
Postnotum brownish black, white pruinose,
bare. Pleural membrane bare. Katepisternum
brownish black with fine, short, wellowish
hairs. Legs. Foreleg: coxa and trochanter whit-
ish vellow, femur and tibia medium brown,
tarsus brownish black, basitarsus dilated, 6
times as long as its greatest width. Midleg:
coxa medium brown, trochanter whitish
yellow, femur light to medium brown, tibia
dark brown except less than basal 1/2 light
brown, tarsus brownish black except basal 2/3
of basitarsus and basal 1/3 of 2nd and 3rd
segments vellow. Hind leg (Fig. 1C): coxa
medium brown, trochanter whitish yellow,
femur medium brown except apical cap brown-
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ish black, tibia yellowish brown on basal 3/5
and brownish black on rest, tarsus dark brown
except basal 3/5 of basitarsus and basal 1/3 of
2nd and 3rd segments whitish vellow;
basitarsus slender and parallel sided shape.
Calcipala 1.3 X as long as wide, pedisulcus well
developed. All femora, tibiae and parts of tarsi
densely covered with scale-like hairs as well as
usual simple hairs at least on outer and posteri-
or surfaces. Wing. Length 2.0 mm. Costa with
spinules and hairs. Subcosta bare. Hair tuft on
stem vein yellow. Basal portion of radial vein
fully haired. R; with spinules and hairs. R:
with hairs only. Basal cell and basal medium
cell absent. Abdomen. Basal scale brownish
black, with fringe of whitish yellow. Dorsal
surface of abdominal segments brownish
black, except 2nd segment yellowish brown,
covered with dark hairs. Segments 2 and 5-7
with a dorsolateral pair of shiny areas.
Genitalia. Coxite (Fig. 1D) large, subquadrate,
1.6 times as long as wide when viewed
ventrally. Style (Fig. 1D) slightly shorter than
coxite, curved inward, tapered toward apex,
with single apical spine. Ventral plate (Fig. 1E-
G) in ventral view with nearly rectangle in
shape, basal arms directly forward and then
inward. Median sclerite (Fig. 1H) plate-like,
long and almost parallel sided. Parameres (Fig.
11) broad basally, each with 3 long apical hooks
and several short ones. Aedeagal membrane
moderately setose.

Pupa. Body length (excluding gill filaments)
25 mm. Head. Integument yellow densely
covered with round tubercles, antennal sheath
bare, head with 1 facial and 3 frontal pairs of
long simple trichomes. Thorax. Integument
yvellow, densely covered with round tubercles
on anterior 2/3, and almost bare on posterior
1/3; thorax with 3 long simple trichomes
mediodorsally, 2 long simple trichomes ante-
rolaterally, 1 medium long simple trichome
posterolaterally. Gill (Fig. 1]J) composed of V-
shaped inflated structure in lateral view, with
12 slender thread-like filaments, 8 on the dorsal
inflated element and 4 on the ventral inflated
element. Surface of the inflated elements with
numerous cone-shaped processes and covered
with minute tubercles. Of the 12 thread-like
filaments 1 arising from the apex of the ventral
element, 1 arising near the apex of the dorsal
inflated element, of the remaining 10 filaments
7 arising from the outer surface of the dorsal
inflated element and 3 arising from the outer
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Fig. 1. Adult male of Simulium (Gomphostilbia) kuvangkadilokae sp. nov. A, antenna (left side); B, 3rd
segment of maxillary palp (right side, front view); C, hind leg (right side, inner view); D, coxite and
style (left side, ventral view); E, F, and G, ventral plate (E, ventral view; F, lateral view; G, end view); H,
median sclerite (end view); I, paramere (ventral view); J, gill filaments (right side, dorsal view). Scale
bars. 0.06 mm for A; 0.02 for B; 0.1 mm for C; 0.02 mm for D-I; 0.2 mm for J.

surface of the ventral inflated element. All of
the thread-like filaments are individually aris-
ing from the inflated element, subequal in
length and thickness, with distinct annular

ridges and furrows. Abdomen. Tergum 1 with
single long dark seta on each side, tergum 2
with 1 medium long simple and 5 short setae
on each side, terga 3 and 4 each with 4 stout
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hooks and 1 short pale spine on each side,
tergum 5 bare, terga 6-9 each with spine-
combs and comb-like groups of minute spines
along anterior margin on each side. Tergum 9
with pair of conical terminal hooks, with round
apex. Sternum 4 with 1 simple hook and a few
minute setae on each side; sternum 5 with pair
of bifid hook on each side; sternum 6 with 1
simple hook on each side; sternum 7 with 1
bifid hook on each side; last segment with 3
grapnel-like hooklets on each side. Cocoon.
Simple, wall-pocket shaped, densely woven,
moderately extending ventrolaterally.

Mature larva. Body length 4.5 mm. Thorax
grayish brown with grayish transverse band,
abdominal segment 1-5 each with reddish
brown or grayish transverse band. Cephalic
apotome pale yellow, darkened along posterior
margin, moderately covered with simple color-
less setae; head spot indistinct. Antenna with
three segments plus apical sensillum, longer
than stem of labral fan; proportional lengths of
three segments from proximal to distal 0.7 : 1.0
:0.5; base of antenna brown and remainder
pale yellow. Labral fan with 24-26 primary
rays. Mandible (Fig. 2A) with comb-teeth
decreasing in length from Ist to 3rd, man-
dibular serrations consisting of 1 large and 1
small tooth. Hypostoma (Fig. 2B) with a row of
9 apical teeth, median tooth as long as corner
tooth; lateral margins serrated throughout
their length, hypostomal bristles 3 or 4 in num-
bers, slightly diverging posteriorly from lateral
margin on each side. Postgenal cleft (Fig. 2C)
very deep reaching posterior margin of
hypostoma. Thoracic segment 1 and 2 with
two pairs of minute conical protuberance, seg-
ment 3 with 4 pairs of conical protuberance (2
dorsal, 1 dorsolateral, 1 lateral); thoracic cuticle
sparsely cover with simple, bifid, trifid and
rarely quadrifid setae similar to those on the
abdomen. Dorsum of abdominal segment 1-5
each with 4 pair of conical protuberances (2
dorsal, 1 dorsolateral, 1 lateral), size and shape
of the protuberance are shown in Figure 2D;
abdominal cuticle with simple, bifid, trifid and
rarely quadrifid setae (Fig. 2E), which are
almost colorless except base darkened, spar-
sely on segment 1-4 and densely on segment 5
-8: last segment moderately cover with simple,
bifid and trifid setae on each side of the anal
sclerite.  Ventral papillae well developed.
Rectal papilla composed of 3 lobes each with 6
finger-like secondary lobules. Anal sclerite X-
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shaped with posterior arm ca.1.2 times as long
as anterior arm. Accessory sclerite absent.
Posterior circlet with about 68 rows of 10-12
hooklets per row.

TYPE SPECIMENS. Holotype male with
its associated pupal exuvia and cocoon,
collected at Tad Yai Waterfall N
16°04 06"E104°57° 01"), Chanuman Dis-
trict, Amnat Charoen Province, Thailand,
292 1X. 2007, by Pairot Pramual. Paratypes:
3 males with pupal exuviae and cocoons
(in Carnoy's fixative), 13 pupae and 8
mature larvae (in Carnoy’s fixative), same
data as for holotype.

ECOLOGICAL NOTES. The larvae and
pupae of S. (G.) kuvangkadilokae sp. nov.
were attached to trailing grass in a warm
(28.9°C), open, slow-flowing stream at alti-
tude 132 m. This species was collected
with S. (S.) nakhonense Takaoka and Su-
zuki.

ETYMOLOGY. The species name Fku-
vangkadilokae is in honor of Associate
Prof. Chaliow Kuvangkadilok, Depart-
ment of Biology, Faculty of Science,
Mahidol University, Thailand, who has a
pioneer work on cytogenetics of black flies
in Thailand.

REMARKS. Simulium (G.) kuvangkadi-
lokae sp. nov. is assigned to the varicorne
species-group on the basis of the adult
antenna with 10 segments (Takaoka and
Davies, 1995). Color pattern of the anten-
na also resembles those of the known spe-
cies of the varicorne-species group (Taka-
oka and Davies, 1995).

This species is characterized by pupal
gill which has two inflated elements with
12 thread-like filaments. This is the most
distinctive character that easily differenti-
ates this new species from other species.
The other species of the varicorne species-
group including S. (G.) burtoni, S. (G.)
chumpornense, S. (G.) novemarticulatum, S.
(G.) shogakii Rubtsov, and S. (G.) varicorne
Edwards have eight gill filaments. The
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Fig. 2. Larva of Simulium (Gomphostilbia) kuvangkadilokae sp. nov. A, mandible; B, hypostoma (ventral
view); C, postgenal cleft (ventral view); D, protuberances on the abdominal cuticle; E, abdominal setae.
Scale bars. 0.01 mm for A and D; 0.02 mm for B; 0.05 mm for C; 0.025 for E.

pupal gill of this new species is similar to thread-like filaments. However, S. (G.)
S. (G.) pravongi Takaoka and Choochote kuvangkadilokae sp. nov. differs from S.
described from northwestern Thailand (G.) prayongi by having 12 thread-like fil-
(Takaoka and Choochote, 2005e) by ament instead of 8 as in S. (G.) prayongi.

having V-shape inflated elements with The adult of S. (G.) kuvangkadilokae is
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distinguished from S. (G.) novemarticu-
latum by number of antennal segments,
consisting of 2+ 8 segments in the former
but 2+7 in the latter species. Adult male
of this new species differs from S. (G.)
burtoni by the number of eye facets in
vertical column (9 or 10 in the former and
12 or 13 in the latter species). Male
genitalia are similar to S. (G.) varicorne
Edwards. However, it is separated from S.
(G.) varicorne Edwards by the larger size of
sensory vesicle.

The larva of S. (G.) kuvangkadilokae is
most similar to S. (G.) chumpornense by
having deep postgenal cleft, with protu-
berances on the abdominal segments 1-5
and with simple, bifid, trifid and quadrifid
setae on the abdominal cuticle. However,
S. (G.) kuvangkadilokae is distinguished
from S. (G.) chumpornense by numbers of
the protuberance (four pairs of conical
protuberance on the abdominal segments
1-5 in the former, two pairs in the latter
species (Kuvangkadilok and Takaoka,
2000)).
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