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ABSTRACT

This study is divided into 3 phases including life history of brook trout or
Neolissochilus stracheyi, application of a fish-based index of biotic integrity to evaluate
the effect of anthropogenic stress, and species detection using environmental DNA
from water samples. Firstly, the study of some aspects of life history of N. stracheyi in
Thailand was conducted monthly in a year (proceeding). The spawning seasons were
twice a year, between December to January and June. Fecundity average was
1,404.55+651.513 eggs. The fecundity relationships with length and weight were F=
F=121.1TL-2100 (r=0.874) and F=4.535W+128.78 (r=0.839), respectively.

Secondly, the application of a fish-based index of biotic integrity to evaluate
the effect of anthropogenic stress was studied. It was divided into 2 main locations
viz., stagnant water; Mae Ngad reservoir (Publication 1; P1) and lotic water; Maetang
River (Publication 2; P2). Modifications were done and Karr’s index of biotic integrity
(IBI) was adapted. We designed and applied 18 metrics due to the differences between
the fish faunas of Thailand. Then, the fish data of this study surveyed in 2019 was used
as dataset for all metrics with the criteria and score range of 5-4-3-2-1 system. The fish
diversities of Mae Ngad reservoir include 20 species under 10 families and in Maetang
River with 32 species under 13 families. Results for F-IBl in the Mae Ngad reservoir and
Maetang River showed score at 38 and 53 which ranked as the fair level for both areas.
This score indicated that the anthropogenic stress was increasing, the variance of the

ecosystem, decreased of intolerant species, and the ratio of omnivores increased. This



study is a great reference for water resources management and ecosystem restoration

in the tropical water bodies

Lastly, environmental DNA (eDNA) was used to detecting fish diversity in
aquatic biota. This study is divided into 2 areas viz.,, lotic water; Maechaem River
(Publication 3; P3) and stagnant water; Mae Ngad reservoir (Publication 4; P4). For
sequencing, 12S rRNA gene was amplified by PCR using genomic DNA as a template
with primers 125 (5 -ACTGGGATTAGATACCCC-3" and 5-TAGAACAGGCTCCTCTAG-3").
The fish diversity of Maechaem River was found 12.51% and 25.62 % for Mae Ngad
reservoir. Hampala salweenensis, an endemic species in Thailand was found.
Complete mitogenome and phylogenetic implication were analyzed and described
(Publication 5; P5). The whole circular mitogenome was 16,913 bp in total length that
consists 13 protein coding genes, 2 ribosomal RNA genes 22 transfer RNAs, and 1

control region (CR).

Keywords :  Index of Biotic Integrity (IBI), metrics, biology, DNA barcoding, next-

generation sequencing, fish diversity, Mitochondrial DNA
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pslutaiufivunsviin (wsds, 2544) Anwifsemduiussevinsnaninintuai
wanvagvesdniliiinseandundauunalvgy MnmsdTaaafinu 22,529 ¢ Tu 12

v v

JUAU ay 85 19A (Tudun, 2557) mflwmﬂumaﬁuaqLLwaqﬁmauﬁ%LLaszmwﬁﬂua’mﬁu

o¥

'
A

kY 3 o 3 I v v a A o = v A [y
U’]LGUE]ULLEJ\?@?{JJUuﬁm‘*Uﬁ (5199M, 2542) Wusu ?J']ﬂsUEJZ;IJaIUE]ﬂGW]N']UJJ']EJ\?@Q&JF]T]ZJEVILﬂEJ’Jﬂ“LI

syuvilalaesiuvesdauniinauysalvaliiieme SwiateyadnundmivAnwideya

v '
v A

MavuaivetinUsegnaldlunisdnnisdaindeuninilueunuywdasiuieyseloyiin

gagulusunan



2.1.3 wsidusiudy
Udwdn Aeegnisduiiangiuanvesdwmindesvdiduaiuiaivivesquinls

(Suvarnaraksha, 2011) aglangTunnvensedunuuy dauiegiineefiUinie duadiu

Y

(%
[y

wnd sunsuwiudn lwaanymanileaswinids Wudnhfiiiaainmelliudy meuluau
oy WI8n9 IMasIuAUa15199U 9 NAUNALAT89UIULTUNAN TULTARIUALINNADS
SUNBULUIN LazSUdLRLANINaUIE@1DU 9 Nlraainataiaunziunnuediiontan

auusIunziuoana SINATULRNAINaUE91DUg Tl naalInunE TueonUe

1%
o o

Fenwauusedunans Wun druhansig 9 Ao Sniuhery drhudnrar driudaze &
thutiveen dniuiviu dnhwidn dniusiusn wazdniusiunn Wudu dniusiusulvaasg
81179 USnatuauLTY 1Lnesen S inidudll ﬁmmmaaﬁuﬁduﬁgw 3,853 ®1519
Alawuns Sanuenivesdiimiadu 170 Alawns dHufiguiusiududnulng deogluan
Sunoulnay Jsvindiodlu (18° 06°-19° 10° N way 98° 04’ — 98° 34’ E) (Suvarnaraksha,

[y

2011) wazdNunundusunziuandesddvasguin aduwaiundnewlaites Jandn

(% [ '
£ = 1

wigesaou usnanideiiiuiivisdumeinilivosduin dlusiiuiiduneson wazsnne
F0uN09 JmIandesiny
2.1.4 usijninu
wibiudduiidennniftenumananszuns fafudundamualne-an Tuarui
FUIENI U LU N8I agdlnBlledan JIMIALIY YULINIAURETUANLaY

e iusonivasinuiliduduiiavesaiianvmaisans wazanduwitiuazlwaniugu

1 =3 Y aaad & 4 ' 1 T [ d' : R Y1 & |
LSUWa\‘]E:jEJ'NLﬂ‘UU']ﬂiﬂW Wum@@ua']ﬂ%@ﬂ%jiiu’]u’]u‘ﬂ%LUUWTWU?{ENEJQLLQJU'] "?JQ"i]@vL@'J'WLiJUV‘!QT]U

Aulvyfiddfianvosssmalnenndaiafivalon whituaenadegfuuitdiosas
JUUTTIUAUTWNDYULAS JIMIAUATAITIA nntueglarudsveszfiamailsdne neuss
ussUfuuiids Sunefios Sminuasanssd Fudugaisuduroashindmszen Taogui
hufifufiguinsaiedu 34,908.11 mehlamns @ninulovisuasununinegnss sy

WAL EILINADN, 2560)

2.2 mssuunaniunmguiluuszndlue

2.2.1 AMUMNBVBINTIUUNFA LA WL

qaith (Watershed) sineils wheasiiufivis iftfesiunsamsilagans i
vammALesNsIBILsaryAnauazssannsine Tnefinhefiufivilsusgnaudie

NINYINTAIEAIN NTNYINTTININ NTNeINTNUYwdas 19w uanuAINsITUsEloydves
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UYWELATNINENIAUN NN Audsandaindey EinuleuiglaghuuningInTsssuyf
WaTAILINADY, 2560)

401UN WA WU (Watershed condition) #u18ile @n1nn15AI0y U09lATIAT
(structure) kAENt7/N13Y191U (Function) vesassnaslussuuguy $9ums seuuivveni
ANYANANY IO AUFRUINTH Loz UUTUNT Lnedanvnuaansiinan g uluegi
[ 4 ] 1% s a A a A = 9
Jugusssu visenuilassasiv/esrusenauvesssuy dmavasundas iiuvseanas eafiu
yilp/ANunaInviia (Species Diversity) Usunadvasumazyiln dndiuszninewia wagnis

' a < a A a a 1 = 1 Y a
nsgarevowdazviladulunusssuvd wieialainsssuyifegnslsdeneliiinnis
a - 1o ¥ o o a & =t a ¢ v ]
Waguwlas visen1slaivimiini/n1svinauredssuuiaeduin FninsgikaInuInassn
adluszuuuasimssuupmuiansuasuluansssuwd viserunsgudwinden auvinli
N3YI/MNNTeITEUVUNNTaY viseliusyansnmeeuadluudy ssuvareyluannivle wu
A a & v = v I [ - =Y va

auna v3eingm Ludu welinsvaniunmaudiinegluanngvisaniunmle Jaladinng
UszifluaniunmauiilaeUssg ndlddeyanisdnmduiugruiiansanainiaseasy
99AUTENOU UagN1SYNW/MUNY03TeuvaNYY ANUaNnaYiln USuna dadiu wagns
nsvanevesasIndanisluszuuguin (nww, 2539) nmsuszduaniunimguundadunis
AdunTlassiguinlaguuimis o vanamils ielinsudneninvesguiilusueig

Y [

q Iilasdusznevvesszuuguinlulagiudueenils answdsundadiulumuladig e

' ¥
a1 =

T dudeyauazuumidlunsdanisiiuiigquin wenainil fwvhlimsuidyviuasunases

9

oY

1%

Uy nu0anineInsnIusng 9 maiuﬁuﬁﬁjuﬁﬂﬁﬂﬂajmmwLLNULLazﬁﬂmi Wnsleniu wag
nauflatiymifatuluiuiiguiildessiussaninmuazdsdusely @dnulouioway
WUV NENNTEITUNRarAIINEDN, 2560)
2.2.2 Iﬂiqa%ﬁaLLazwﬁﬁﬁ%aaswUﬁnmjuﬁﬁ
nsAnwszuuialassuuinaniaiu asfesdnunidnuaslassadne (Structure)

wazuin? (Function) A9 & U893z UURANY 9 Feazuanannulunuanuaauiudousas

'
a 1 a o L2 A

svuvilnaudarsruudslidmiiouty dmsuszuvinaguiilasaiieiiddyio Tnssadhs
Fudngussdvesdini Snvarlasaimvesiuuasiiliviodnnaguiu Snunranimues
S15154ALITUUNISIEUNEUN §nuasenenIwiy o nasnaudnuarnsldussloviiau
wagnsindufianssusne 9 vesuyudiordseyluguiniy (@dnulsuisnasuny

PNSNYINTTTTUVIALALAILINADY, 2560)
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2.2.3 ﬁ%ﬁamumwéuﬁw (Watershed Condition Indicators)

STUUMITIUNANUAINGNEY Usznaudae 12 duil wieudresureiAsadasdu
nspvaunsaud drduasdiesvieiduduusiidudunuresiusissuuing was
nszurUNsfidnadeusiafuuazi dedudszuvaniunmauing 12 9ae Idud (1)

(%
[

ABAINI (Water Quality) (2) USuauii1 (Water Quantity) (3) W& s01F oA 9l T3 ludn

ot

(Aquatic Habitat) (@) 93 @ <745 aluu™ (Aquatic Biota) (5) n15LnwA /WYY WU
(Riparian/Wetland Vegetation) (6) auu wag N1 (Roads and Trails) (7) Au (Soils) (8)
szuUlWluazdn it (Fire Regime and Wildlife) (9) fiufiunmaudetilsl (Forest Cover)
(10) Wyws549ane)1 (Rangeland Vegetation) (11) WuiﬁhﬂﬁuUUUﬂ (Terrestrial Invasive
Species) (12) guamUlyl (Forest Health)

F5nsUsedulaeldid Yanudeduiildsuegaunsnargluiiagdu fe Water
Poverty Index (WPI) wWau1lae Sullivan (2002), Canadian Water Sustainability Index
(CWSI) Waulae Policy Research Initiative: PRI (2007), Watershed Sustainability Index
(WSI) (Chaves and Alipaz, 2007) W@y West Java Water Sustainability Index (WJWSI)
(Juwana et al., 2010) Iﬂsrvyﬁ%Lﬁu‘l,ﬁ%’a;ﬂaamumwm%’wmﬂsﬁwLﬁum%qﬁmhaﬁﬂﬁﬂﬂu
seudlenne wazdnaduanuddludesiiioafunsnennsi ssdiilecusis Watershed
Sustainability Index (WSI) ﬁlé’ﬂ’mmé’a%’ﬁ’méﬁsmﬁnmmﬁa%i’ﬂé’mqwﬂ%mm (Hydrology)
Aauandon (Environment) $2um1dae TngTiasizviaunnlu 3 Ussidiu Ao (1) Anunadui
AnTiu (Pressure) Innansevhwesayudfedawinde (2) amunaduiiintudsuanssnuse
AN (State) VBITLUUSITUYIR Uag (3) n1smauauad (Response) lagsguransayuau
dudletlgmdwandeniiuaeull Tnelduleus wiesadeudedeiusing 9

Al (2551) WnsUssifivaniunmguiveding annsaduunld 2 S fe

1) msvsaduanuninlassuvesguin vldlasliimindyiveaunasnineins
AuAudIdy FeRITINRaNsENUIINUAarsIanINeIns wiavin1sussiiuanny
ﬂ'1wiamaqfjmfﬂmﬂamumweuaw%’wmﬂiLLGiazsuﬁﬂ udrAnAzLLLTILAAEA LT Teg

NSNYINT

[ 9/
= (Y v b4 Y

2) NM3sUTEuEnIUNNYRILARAENSNEINT Laeldonastd InNdAynsoNsianinua
NI ULARLTEAU AENISUSHUME U NWULLAUTDILARENITNYINT NLABIANANAANID
HanseEnuAan1zwIndondteygluszaula lnan1InaIsuIINaNINGNYUENIIEIINYIA

U31100 N15N58318 AUNUIRUY ALANANYTA! AMAINVRIMTNEINTTY 9 11EAY
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auysalunifiedda wage1al T UTeUBUIINTUTDY 9 NTTNYUENINEITUYR

AREARITUNADAIUAIUAINUYBINTNEINTIINBARA TN TA N uAsNiesls

A v

2.3 nsuszandlduanlusuiiyinnaninumasin (Fish-1BI)

N139NsAMNA NG NUIveUsEIAlnedIaLAautayadIn wi oUsEnoaunIs

'
a

AuruaulgulIsianN1saANISENaILl Fansneinsundudandn

[ o

guazlasunansznuega
PoLiD99INAINTTUVDINYWE AT UALINNITFIUNT 0TS N19ATIvdeuTI T ud sdfey
dmsunateUsemanagyiliveyasruuinalazaauysan1@In i lasuay
aulaundu (Borja et al., 2008) A1I1AMAINNNTLIATNYALAIUANY TANTIN NG
| o & v A a v ¢ = a

AMUNUIYLANF1AULANUBY U7 Karr 8Suel) (Karr, 1986) AUANYIUNNYINTN A
ANNENNTVRITEULTENAIIUTlUN ST YA NALAARAENITUSURIYD YN LA WY IAN L
29AUsENBULATIAT 19U BUUT wazAuraInuanglv gensanduianssulule wazd
ANUFNRUS TUANwMENIINIEAIN (Wuanniegede) uas 1Al (Novotny et al., 2005)
A0UEAMNIMNWTNAINGINMNNEAITANINBIAUTENBY 3 NNl (1) Toyanaginn
(2) dnwagnannInewar (3) dnvaeninieniniazail (Voulvoulis et al.,, 2017) 21N
Y] & v | A vee o a a Aay v oA &
nuEugIY 3 U9 aunT0uwlatenun Nz N Y YRIlIAINeNale As Wussuy
ﬁnﬂ%wmﬁ‘d'ﬁﬂmﬂLLsaﬂmé’umﬂwwé (Souza and Vianna, 2020)

NIINAUMUNTN NTeAMEN¥ArYaIddidInUudsuwlatwuuiifian1anainaziule
W efln155UNIWAINAINTINVRIUYLE (Rayan and Ngamsnae, 2014) W inWA151970
29AUTENBUAIIVBITEVUTLIA T1a10150UUBNIAIINANAAVDITEUULALLD DR OIS
o aa 1 3 a go’ & 9; ] 20’ 1 = g ] [ 4
A393nneluvsly seuuiinauida divgta wuidvuialing wisuinses WudW (A 2)
(Alvarez et al., 2013; Martinho et al., 2015) 11 8991NDIAUTTNBUNITININT WANF 19U

Tangvesiuteyaniuaiiidnduazuaiiy (Borja et al., 2008) vlnlasias1agususzuy

[
[

AT ANUTUTDUNINT U AU FITNITHAUIHITTANI BLUNS NDL19A BLH DILN LAY
Usgdnsainluind u (Borja et al., 2008; Kennard et al., 2006; Monaghan, 2016;

Mostafavi et al., 2015)
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Streams / Rivers / Reservoirs

@ Lakes / Wetlands

Estuaries / Coastal Lagoons / Marine Area

AWl 2 nMsnsEareynagiimaniueamsanunislideyatanmuselivdandeuilons
AUSNYAIEURINGUTEUUTLIA

(1) drssuihuagstafut (eanaudung) (2) nsaauuaeiuiigni (unaudvdes) uas
(3) Vinushimgiaanumeilauasiufineimaa Qamnaudide?) lnsrumanaudnsdedis
Wesidudvasnisfinwnengussuuiiiad (Souza and Vianna, 2020)

a

9ndoyares Harrison and Whitfield (2004) failum3nidmaiasdeussilunmunn

aaa el'

Y
nefiueingifiveyaemsiizandusesile vinefnguaaddiaainnatefiaunsatiiun
Jwan3nld W wmdneu dndidesaats avses fiv dndlifinsygndunds Ua vie dnd
venagaun Wudu (amd 3) Jeyawmardidiuudausadudiud@medinimvesdainden

1o puthmantldlveglasunsiauimalan

(a) (b)
Plankton/Zooplankton — ﬂ Environment Mammals — l
Birds I Srean
T S Fiver Herpetofauna—
Amphibians | I [ Baylestuary he
. Lake/lagoon
Algae/Phytop iphy II B wetiand Arthropods — -
. Others
Vascular plants — -
- Vascular plants —
Macroinvertebrates — ‘ }‘ |
T T T T T T T T T T T
0 50 100 150 200 250 0 2 4 6 8
Number of studies Number of studies

a ] = A o = %] a ada
AINN 3 ﬂ']ﬁLL‘Wiﬂi%Q']ﬂ‘U@ﬂﬂqiﬂﬂﬂqﬂwmuqﬂiﬂﬂingﬂﬁﬂﬁ MMI AUUSELANVDIFINTIR

Ao (a) AT imlusran way (b) dETInuuun (Souza and Vianna, 2020)
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lutsegmalveiond i MsUssliunsivinaunnvesuvadn dnsldiznsiadn

AMAMUIMIINNAILAINLAZATNNEIINIY ULagmnnananisidteyanisdinndulngaely

o [

dntlafinseadunds waziSuiinsldvandunvidinluunasia (Rayan and Ngamsnae,

Y
1%

2014) wazguumnieayfusen @vdiwy wasaae 2553) 1Wusu

2.3.1 ANNIVINEVRIRTVUAMUFNYTANITINN

o A ¢ a . . . - & ya ada

AYTlANANYTAININTININ (Index of Biological Integrity, %30 (IBI) fin Nsld@iidin
lunsusedivaunmdsindey Inensldosdusenaunenudiinguasdenuedddiain

I3 o a a a v A A o ~ ' av v

wndudiussidiunasinauaunmdwinae vsesntenisde Arnsuuu laainseuuns
Uszillunansznuvasfanssuse o Milunaainnisnszivesiywd Ansliiinuan1iglu
uwraadliin9sluasns wiln nzeau wieluiiguu (Nsamsnae, 2011; Rayan and
Ngamsnae, 2014)

2.3.2 Uszan

[
v [

masusudmiunslivandudvidinanuanysalvewrasdnsusanisnid 1900 5y

910 a5, 1ud as ISudumslddvdianmidieldluniseluisanmundnil uasdsudii
AuNINAIndaNB el Indiana and Ilinois Tuansgewini (Karr, 1981) i3udu
szuuminnguviinandniunsussifiudeianuanysaimedaniw $1uu 12 wmEnd
Usenausde na uuninedd Usenaunlanunainuane (fish species richness and

Y 1Y

» » W T - .
composition) NANLNNTNAIYIALNBUTLLNUAINUUILUUYDIUTEYINTUAT (number and
abundance of indicator species) ﬂaq'fuLiJ‘V]?ﬂENﬂ‘UizﬂaUﬁJﬁumiﬁua’Mﬁ (trophic
organization and function) ﬂejuLm'%ﬂé"mamwmé’amﬁagmﬁ’a (reproductive behavior)
LLazﬂfjume%ﬂmmamwﬁauisu (condition of individual fish) (Karr, 1986)

J & aa Y o | oA I3 A o v

Mo UITNsUlAgnITRILIet19s il adlagaddns (Epa, 1988) iou1u1a31s
LHUNTFIRNTSLrEI LAz Ussdunan At luas1s B938n15eanas Wunsuaunay
29AUIENOUNAUTLAINYITINTENLAFIUN NI LTI LN oNTIUIE AN UFUTUS
sgrinlassaiardnuvesUaiarlademenuaanadeutasgniauiunegsaiiadly
naneusend (Hallett et al., 2012; Joy and Death, 2004; Mostafavi et al., 2015; Tableau

= d

et al., 2013; Vile and Henning, 2018) & slaagi Uil 9z Auuanm 197 WluLs 89989

1 o

93AUsENOUVRIUALarAliTInuAITN 15 USA L ITauy AT uuaLUIANAANIINITHRIL
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Usulsdlimuneauivanmideulvdsndensasgiiusemengasinsaninlugag 20 Uik

(Souza and Vianna, 2020) (mwﬁ 4)

a b

30 M Streams/Rivers/Reservoirs [l Estuaries [ Lakes/Wetlands
[[] Coastal Lagoons [ Marine Coastal Area

8% “1% n=3
n=28 \

12%
n=38

\ 1% n=2
|

|

|

N2 of Publications

78%
n=253

N2 and % of Publications

a v o X P a o vy = a
AR 4 wnldunsiisduresnsinwinuiediunsidteyatninlunisuseiduy
AInany

o aa ¢ Y v o a & | I a
(@) LanIUABNITANUN (LAUFLAILARN LL‘L!'JIUQJWLWNmuaﬂqﬂiijiqma@ﬂigﬂgL'J'ﬁ’] 38 1)

waz (b) BWINAIUANWUSANUTTUUTLIA: 81515 / Bt / 91aiuiiuinwdiimetasau / wud

Auimezaauieiauazveilanga 9137 (Souza and Vianna, 2020)

1% o
o A 1 w1

Tnewdesumsrnuadsidnmuamundair fadud 12 8160 (Kar, 1981) wansiia
waf-wLLuuﬁmmsmsquaﬂszﬁmmmmma'mfﬂfu NNANTENUVRINYEE wazlunsiay
gULmum'ﬂﬁﬂzLLuumz-i']ﬁﬁIﬂNa%fNLLaséhLLUsLLmﬂmﬂmﬂgULmuﬁguﬁu (Cai et al., 2020;
Pont et al., 2007) \inAuduuns nsra1eag19ni1evansialanyisluawsn wALLIA
1aguaus woniniuazluglsy (Cunico et al., 2011; Hocutt et al., 1994; Hugueny et al,,
1996; Joy and Death, 2004; Launois et al., 2011; Petriki et al., 2017, Seilheimer and
Chow-Fraser, 2006; Stevens and Council, 2008; Toham and Teugels, 1999; Zogaris et
al., 2018) d@wsululsuededunsvaelunateusemamguiu wulu Unfaniu 3u laniy
8131U (Chen et al., 2015; Li, F. et al., 2018; Li, T. et al., 2018; Mostafavi et al., 2015;
Qadir and Malik, 2009; Wu et al., 2014) drusuusemalnedsiosunislunma s o
wuRIMs Faninanauas uay luumanimianianyueen (Rayan and Ngamsnae, 2014;

v L4

ANV WazAty 2553)
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(%
[

nsUszgnaldvanludaiinnunimunasn Budunldludssmealvesue U 2553

[

dwsudulumalunisfinnunsivaeuamunindiiuwnguuimniane fusenvesssmelne

[ L3

(ANT WY

(Y s

wazAe 2553) Iaeldn1simsiegdainudunus nuUaded awindaununis

WNTNIZ18989Ua1lned8 Canonical Correspondence Analysis (CCA) Wua1ATOUASIUAN

'
a

AN U ANUFUNUSAUAIMLINADUNINUA 8 U8 AD VUIAVBITUALATN AINULIUTUYD

pandauiiazargluii Apui i luuvasi Arunseanseail Amadunsa-ang

(% (% s

sEAUQUNN §95IN15Mave LagANMUlNTUYeITENT drunquuatdeladuduius

Y

(%

daandeurieun 4 Jade Ao Anududuveswesluds anududuvesdan swnvesdua
W3 wavedutuveseendiauiiazanglui Ineausaadisesiusynevveslumalunis
ﬂimﬁu@mmwﬁwﬁgwm 6 W30 Ma 91UIUYLA (Species richness) AUYNYUVBIATOUATY
UarmeiW ey (Cyprinidae abundance) A1 NYUVBIATOUASIUAIA @ (Balitoridae
abundance) ANuNYNTINVBIUAWNYTA (Total fish abundance) vilalrionsiasuutas
(Sensitive species) T AT MuR 0n15:Ua sunUas (Tolerant species) WagN1A
nzfusenidsamilefinsuszgndlddvianuanysainnsdinmvesUaniieyssiiununim
fufiganimusams WevssdiuanwarunaduiiesinfanssuiequesyvdroUszsa
Uan Tnelddeyasidnuarainsieaud 2511-2548 Tnsutanguuaiamunudnuazndni
Wasuwaadeldsunansenuandwindey 4 fu auuuinieves tiun anuvanvdinuay
3AUsENEUNIEYNTIASIL Usznoufeumin ssdUszneviuiiegends waAnssunisiu
91913 wazedUsznaURUAMLYNYULazauAETINTY 12 winsniduaididauieuiiey
Hurndredaussudiou e 10 wnsndaulasnann (Kar, 1981) T sruauiinvaitu
A, YovazvosUanviinmiy, ﬁ‘]"lmuﬁuﬁﬂﬂmﬁﬁmméauimsiamiLU?ﬁlauLLﬂamemmﬁw, AN
SovazrasUanauiifanumunudensidisuuasesdunndenluundnirldasiiosay
SUENﬁi’ﬂmuﬂawﬁﬁwq§mimWiﬁummﬂé’ﬁqﬁﬁut,l,azé’mi, ﬂ'ﬁasamaﬁﬂmuﬂmﬁﬁwqamim
nshvensiidudnivif, Afesarvessiuiuiivesainudniaudeduiuivesan

'
aa o

AU INTdANNNUNINGS, A1FegazueIT uIuimIUaINdngAnssuN sHaNRugs ULy

v

i ldsuvannfianunumugeduusiauainiyiugdn wavarfevazvesdiuiudannd

9

anwagRaUng @udn 2 wn3n leanmsusulss munsauduianludssmandou lown

T1uUlaININgANTIUNIOIMITINNLLT tazduiudainendenalsun Tnsldinaainsiuu
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v
v v A 1

5.3 wag luagnulmwasiusdanuanysaiviedanimildvandudddadaviidu 38

=

Azl Faaglunaeiuiunae (Rayan and Ngamsnae, 2014)

[
LY

AT UNITUIMITTANTIIN IR Ul U azAun mve a1 Tndusaevidodln
mndAguassoslinsihnuiiniasuiionisguasnwiwazidnsz TaininenssssuAnig
9 = ao A X a ] = & P a v o v oA
WA TIRIEMIReTuaInANNsNs gl wasidunisandunudneig Fadeing
Wauwnatlia 35 Fish Index of Biotic integrity approach (FIBI) w1t aUsziiiuainugay
AUYIAUNIIAIUTINYaTAUANVRIEWINdaNTDIET TRar kUL o T uuwInIlunis

Auaningnsnedieg gy

2.3.3 luseadendanusuidin

finmsldvandumuadnisasuulassuudnnamiadl @mananinaInnIssIuTINNIG
IANTRaENITTEUAINUTI1enaenIuAulIn e TgLdeT oy 9 R BLAENANTENUAD
AWndoNdU 9 MUAI1519 1 (Breine et al., 2015; Harrison and Whitfield, 2004; Martinho
et al., 2015) nslduandudviivavenlifuwildulunisdsuumaninldsunansenugs
WudnwlwInaznziaa usai 9 (Elliott and Quintino, 2007; Kennish, 2002; Whitfield
and Elliott, 2002) FaUszynsuazalugananysaiveslatausaludainfsainugay
anysalvesunaniiarsruuiing lnefiaugauanysalvesusennsuagAnuaInyilae
anadLilolATuNANTENUINAINTIUTBWY LY 1uN13Antliatedl n1siunuinIanIu
INYATNTTN BarNITH AU Nutidos ann1svul sunazdadentgusnuaznns

d' 1 ::1' 1 Y o 1 g a a o L4
Wiguwlasveaunasieg ordevasaisisuazuiun (EnSanl uagame 2553) 31013
a a <@ = a Y goj = o

WaULUAINTIALSTY MU18DaNISLE@eUlnsuUelnasnuill N15iUasULUaIUBIaNs1s NSTY
ANVIAY NITNARZNOUAUTIUNY AINARDENTNWINGDN WAGITNDYDIRE N1TVINLAAULIE 9
915U AU IRAKANTENUNITEUUIATIAT19TEUUTNANINY ANRANALYTRIVDY
Uananas 1aseasd1eusernauvasUananad s1uiumuansiaLaslassasnawasdsandann
Ivantoraing fulu mMadeuaswasdaderimundusivsuenisguaimuesssuuinaunas
UIALANNINVBIFWINGDU 1FUIINNIIANYIVRY (Greenfield and Bart, 2005) 1A518971431
Tuans15 Elevenmile Tuusewmanasdan F9l95UNansenUaNNUIiINls e aURARNTEAY KA
a A o v a a o o a Ay v vo )
AnuuiAsdnuIuUssrnstesunnideisuiuaisnsdu 9 Alllasunansynu uavdua
nsznusieviinUanfiendeed uavaIns1e91Uu Pérez-Dominguez et al. (2012) laviansfiny
waznsIvdeuRmdnvuzineIfulardmiuldlunisussiliuaniusauninnednaineila

WAAS1ENITUNTINGY 17 wn3n Wnedvtidiuluglasumsimunluansgawsn uaselsy
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v oA

LT NTWAUIAVTALANA19AU WHANUAUIZANRALAINUD BULMIN BN
dl 1 3 U U = U dﬁlv U
WaguuUawainguualsiuninuaInsaveudasavlnazfiig Inlun1snouauosauns
nm‘fumﬂﬁﬁ]mimamwét,t,mmmﬁu (Pasquaud et al., 2013) AstiudadinmsUSulTaiasy
oL ONTEILTINAAUAUNITADUAUDIVDIATYUA99 (Pérez-Dominguez et al., 2012) wazdl
nsWaLIs el ssnannnatsUAnIuL (Lepage et al., 2016) ungsluiniswaiwiuinidn
E%’m%’uqﬁmmwi”au wardalddmudniay (Souza and Vianna, 2020) il 89310919
¢ I L o & o & v A oA = Ao a a P a

A5ANEIIUAIUT f9tu TudealinIoellonsiadauniussansnnlagnieag198 by
Useimamaaiaunluwssauduilasaniunmaidianussulumisenisildsunuasiiinain
wywd (da Silva Jr et al., 2016; Kennish, 2002)

IngasURowsnalunmsdentdUan iedudmunuvainisusadliunugauauysaives

! 5 = & a ada o " 9 < v =] =
LUATUN 1UB99IN Uan L‘U‘L«lﬁﬂll“lj']G]W‘UUW@IM@IULL%@Q‘UW HBANUTALIU UDIYYTIUIU NS

[
LY [y

44' A = wa oA [ ] % A a P
inFeun uarilnuautAvalgedanaunsadudmdinnuninuvant Innsiiuudaile
LAFuNanIsEnuNAINTINVRINY WY Usuandeauauysainiedinmla saufeminuaiunse
lun1snevauswensiasunlasmaanisallansdadenldaunsavilaiunegendouas

¥ <
ABNINUY (115190 1)
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M13199 1 AnaudRvesandmiunisussidudviinnuanysainiedinm

Wnune GIGHI

nMsUseidiu | - ndulssmnsusasngudasegluiuiifentiluggdou

figneies - nguUssmaufiniafsuuasiosvioiufundusnnssumuress s

- aunsaTeudisuusiasnguluvunaiiuanseiulundasdananls

- Uanfiilunslvguasiienuidssinnsasunamsumasiiegends dounindadidia
guadn vlivaniisslomiogeBadmiunmsUssfiuanuunndsusasiuiuas oy
918

- Uandulngfidndindidusn 2-10 + U) uazanunsoagviounmniminvisluszeren
wazlagiu

- Yaerdveglnh ifmsdsuslamnaeimenmuaziinmaneniaa

- UanlAueANUENAL R UALBI DN TLRYARIEMAANNEANUAZTIN N

) % A s 8 o 2 v
AINUVALAY ‘LJmL‘LJuaJmmmmmﬂiﬂiﬂmmaﬂm aﬂLﬂﬂLMu‘l@\‘I’]‘c’J

- vfiaveslamaunsamnuanginaeituniseusnevsemsldusslevils

ANuazaIn | - Selundinisldddinnonedu

Tunsly - mMsTuunmegsemsiivualve Jeusaduunsdalaluiui

anUasann (Plafkin, 1989)

S a

3.4 ¥3Ing1ueUsEn1svaIlan

N

foyadrineusszmsvesanihiadmuddydenniluldvsslenilunisdans
nSwensundwin uazideddutiagtuanudeanisldnsnensuimaniuadu saianis
WasuasidsuuazngAnssuiiddedinden lnsanzlulsemalue dons fusonides
Tissimunanssalnafiugilpsaniziinisnufiusasiauiwdamdanudildan v
Wﬁﬂﬂaumwmmﬂqﬂﬁuﬁﬁwmimwm flogorde nelmAnmshaneninensssTNvIALaY
daunden iatgmudenlnsumsiiudinm iianisiUasuunasunasiiogerdevosuan
Purlalaianas LﬁlENG]"&]ﬂﬂigmﬁuéﬂaﬂﬂiﬁﬂﬁﬁﬂU’IWﬁ@ﬁﬁﬂNaﬁi@ﬂﬁiqmﬁuﬁ:%ﬁﬂéu 9
¢ (Suvarnaraksha, 2011) iy M3fnwdeyataingruissenmsvesariidsnsdivos
wazdanadoyatiugrumsdunsinuluduiindndeudrsnn Sddudimvesdauamn
piinpvesUssmalneudazyianendauiiaulawazddliidoyavategiiu Snludesd
nsfnudoyaiiugudine Weduteyaiugiuiiorannsoiunusegndldlunsdanis
ninenslaegliuseansnmsoly

Uaﬂwa:mLﬂuﬂmﬁﬁmswﬂuﬁﬁ'mmugﬁmmmG] yowiviede Svualngfiviush

andvaglunwnaainlnausalad d1daser wuudie Widn avseeting1n uasruiniunssing
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817 nodeagluviinaniinn dudiidnszuad werludagdulamarndulandid
ansdAgaAsYgRtaEsny funsuilng wavnsieadien luvie 3 fui
wnlvrdavesUamarsdsiuiuanas druluaniufiviendioangAnssuuisegeddngg
Waguulasly Fsazdamasiesruuiinavesnnuvainvansvesiavalulszmealng (n
117, 2556)

¥

2.3.5 Mswakazn1sUszendlguanduaviyin
nmsmuunuvsneaznsUszendldumindmsududeiadn (Index Biotic Integrity;
B) Tuwnasinis wu sraivin Yssmaluglsudadunguusniivaudsdnlddszdu

0 = =

Aunedaumatluenaivin FeriladesyuuiliAnuanmng Wy Reservoir Fish Assemblage

¥ ' [ ]
o A & Y = =

Index (Jennings et al., 1995) dmsverafviniuyudainsdy 4sluvseinaddamady
Uszmausnlunswamnld saidvan (FBI) dmsutiia (Oberdorff et al., 2002) wazaudae
European Fish Index (Pont et al., 2006; Pont et al., 2007) LLazﬁmiﬁwmmmmSﬂwmw
Uselna 1w Fish Assemblage Integrity Index (Kleynhans, 1999) Tuensnnls
msUszdiudanndounasia fimsdsediulasimuanasiausmsndvlyuvulan
ngia (MFC) Tulusauna (Henriques et al., 2008) Fafinuazidensou Jainsdnwinim
SnvaizyossyuUinaiy 9 LU mMsUszdfiuanugeiimenvenuniuiild Sunansenu
Pndvswavesmuseusazdioduuidany fusendedld Jederndudunuunisusaduly

wunvwnnIuaransaluldssdiulalunginalndidesiu (Teixeira-Neves et al,,

2016)



A15199 2 SePavsnaneuly

falUasNnan Ergdnil et al. (2018) wag Schinegger et al. (2013)
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habitat sensitive

protection, dredging, etc.

Ecological metrics Explanation Respo References
function nse
Species Shannon-Wiener Diversity index ¥ Stirn et al. (1971)
richness and Pilou-Evenness + Bellan-Santini (1980)
composition Dominance Simpson’s v Simpson (1949)
Index Camargo Index v Camargo (1992)
Number of species Number of species cauht + Breine et al. (2004)
Condition and | Number of individuals | Expressed as numbers/m? . Breine et al. (2004)
abundance Biomass Expressed as g/m? 1t Breine et al. (2004)
Age structure Presence of different length classes + Breine et al. (2004)
Habitat Benthic Bottom dwelling species K Hughes et al. (2002)
Rheophilic Species preferring flowing water v Breine et al. (2004)
Eurytopic Generalistic fish that are tolerant to * Pont et al. (2006)
a wide range of conditions and
are found in a broad range of
habitats
Limnophilic Fish preferring stagnant water + Pont et al. (2006)
Species
Residency Native Species naturally occurring and M Schinegger et al. (2013)
status self-sustaining population
Invasive Alien species having a negative + Lodge (1993)
effect on native species
Exotic Alien species Schinegger et al. (2013)
Tolerance/ Tolerant to oxygen Fish species that can withstand Belpaire et al. (2000)
resistance deficiency periods of low oxysen
concentrations
Intolerant to oxygen Fish species that always need high 3 Didier (1997)
deficiency oxygen concentrations ([6 mg/l)
Species that need Habitat should be diverse (pools n Belpaire et al. (2000)
shelter and riffles, debris, etc.)
Species  that  are | Sensitive to channelisation, bank : Mostafavi et al. (2015)
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Ecological

function

metrics

Explanation

Respo

nse

References

Di

Omnivorous

Piscivores

Planktivores

Hyperbenthivores/

Zooplanktivores

Hyperbenthivores/Pisci

viores

Detrivores

Ingest both plant and animal
material by feeding mainly on
macrophytes, periphyton, epifauna
and filamentous algae
Feed mainly on fish but may
include large nektonic
invertebrates
Feed predominantly on
zooplankton and occasionally on
phytoplankton in the water
column, mainly by filter feeding.
Feed just over the bottom,
predominantly either on smaller
mobile invertebrates living over
the bottom and zooplankton
Feed just over the bottom,
predominantly either on larger
mobile invertebrates living over
the bottom and fish
Feed on all the small organisms in
or on the surface layer of the
substratum and associated organic

matter

Pont et al. (2006)

Pont et al. (2006)

Hart (1992)

Pont et al. (2006)

Pont et al. (2006)

Khalaf andKochzius
(2002)
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Ecological

function

metrics

Explanation

Respo

nse

References

Diet

Omnivorous

Piscivores

Planktivores

Hyperbenthivores/

Zooplanktivores

Ingest both plant and animal

material by feeding mainly on

macrophytes, periphyton, epifauna

and filamentous algae

Feed mainly on fish but may
include large nektonic
invertebrates

Feed predominantly on
zooplankton and occasionally on
phytoplankton in the water
column, mainly by filter feeding.

Feed just over the bottom,

predominantly either on smaller

mobile invertebrates living over

the bottom and zooplankton

Pont et al. (2006)

Pont et al. (2006)

Hart (1992)

Pont et al. (2006)

Hyperbenthivores/Pisci

viores

Detrivores

Microbenthivores

Macrobenthivores

Reproductive

Herbivores

Feed just over the bottom,
predominantly either on larger
mobile invertebrates living over
the bottom and fish

Feed on all the small organisms in
or on the surface layer of the
substratum and associated organic
matter

Feed mainly on benthic,
epibenthic and hyperbenthic
fauna, with prey size<lcm

Feed mainly on benthic,
epibenthic and hyperbenthic
fauna, with prey size>1cm

Graze predominantly on living

macroalgal, macrophyte material

+t

Pont et al. (2006)

Khalaf andKochzius
(2002)

Gabriels et al. (2010)

Gabriels et al. (2010)

Pont et al. (2006)
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A1519% 2 (510)

Ecological metrics Explanation Respo References
function nse
Reproductive Lithophils Spawning over gravel without ¥ Oberdorff andHughes
mode preparing a nest or parental care (1992)
Phytophils Fish needing plants to deposit vt Pont et al. (2006)

adhesive eggs

Ostracophils Shell dwellers using empty shells 3 Didier (1997)
for breeding
Phytolithophils Adhesive eggs released over plants 1 Growns (2004)
Free-floating eggs Perkin et al. (2015)
Pelagophils Non-specialized spawners no N
Polyphils preferred habitat N Breine et al. (2008)
Adhesive eggs deposited within Kruk et al. (2017)
Ariadnophilic glued nest
Migration Short range migrations | Freshwater migrants . Pont et al. (2006)
guilds within river
‘‘zones”’
Intermediate range Freshwater migrants 3 Pont et al. (2006)

migrations between
river ‘‘zones’’ but

within river basin

ada o«

wiewe Response Ao uunlifunsiasuulamwesdsdidindeldfunansenuainianssui
dwmasasruuiing
udimsiaundeidiaiudndstulunuudazgiane uifdeddetsunisanin

AT ANLAYAIINUTLA DNN9IUE suulasd s adeutfuinnsneuauewansatuan
anEnaveuyud (Souza and Vianna, 2020)

2.3.6 "uAdeiiieatas

nsldauiiauauysainis@inimaindan (F-IBl) mmﬁwﬁmaﬂw%&iamiﬁuvﬂLLaz
UnilesszunindlunsUssidiuguamussusitiuasnziaay wu nisldesduszneuvesyumy
Uans19aeudunInveunasiilunziaau Shinoudian nuvatienua 30 v lne

Cyprinidae 1 21 wfinAndu 70% vesdruiuvaianun lnenaaoaun3nneaiun 30 Wnsn
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waznaaodly 3 gana lanadegelulisiuazggluldng azuuuuminuansliiiugi "a"
v v 2/ Y @ ! " ral, v = A o vYal N
nseiutnluggSousanddviiuii "lWa" Inslimanatsanmgfviliiinisuasusaves
anmuandaudanon1sasuLUaengulssnsUan AenisanUaiuiniiuly uafiwng
UMAZANINDINATNITULTS WImailuAe msiinisivuaaiudulaiiazganisduian

WJudu (Shi et al., 2020)

o [

Liu et al. (2020) Us3Uaasdniinseandundsazanididusiusdnisiudsunlas

Y Y

Faituiiluszuudnamainldmlueaiud tneasnssy agricultural land (AL) 523948
mmé’mﬂ’uﬁ‘ﬁumim?{emuﬂmﬁ’uqmmwﬁw Total nitrogen (TN), total phosphorus (TP)
and cherical oxysen demand (COD) uansliifiuinvandusvildfnsenisidouulanis
uilFegnafisme Wumadsuuwanssinnnsldfauluguusid wei River Tutszmedu

Cooper et al. (2018) TiHayauarfisrusuumuiundt 5 Jdwiviiudauimets

Great Lakes 470 wviatiioWaiuavinaigiuninvesnnuauysainiaginin (8) lagn1s

Wown 1Bl gnuustumuyinvesivluiungudiudazuiaieaiuigfsninuuanmevesfiog

Y

91de ldyadoyanendramnd miunisimuikasnaaey Bl Usenauniey 10-11 tunsn

AZLUUVDY 1Bl NInuATANUEUNUSaEIRNUSYTNITTUNIU

(%
(Y

Petriki et al. (2017) TunsalAnulalaennelag1usssuIIf 11 k9N IegnI19nay

d
wileuaragSunnvesnde msdrsvalaeldnitig uaziedesdenli lnewminfidonld
A® Fish species richness, abundance, trophic, reproductive and habitat functional 4
amsnlavenun 107 wnsnlud oedu Lﬁ'aimiwﬁ@mmLﬁm%ﬁwdww%mmg
w3rfmevesunani iy Aufingiaaiunnugawazaudngagn mnuduninms wasuss
nafuINILEd (ufissuneifiasnstu (NWLO) aanduduvesoaviesaismueludi (TP)
AruuunsUSUaBuTingiaany (LHMS) Adadin 2 fiidnadwnauduimidenndasiu
amWLL’mé’amfu‘]ﬁa introduced species lag omnivorous species #aUAUDIAD LHMS
waz TP ANa1ny

Breine et al. (2015) ¥ dnswandeddinmuarsians nlagldvandudeid vn
dmsuvsausrafiuilasinsduietaailuiuansiuandomnendnfensiaue

U ¥

Y o o @ v a a a = N v a v
LL‘U’J'V]']Q‘V]aquqiﬂuqlﬂisﬁﬂ‘USUWGUE)iqlJaI@ﬂl@I Lll@']ifﬁ/lLa@ﬂﬂJW’J']@JLﬂEJ’JGUENLWEJIME‘MN’WO

q

saa

Usziliunansgnuanuyudnineyuvulanldegwmneaunagligndou
Wu et al. (2014) Usziliuszuuilnaguun Wei River 310 40 lwvsni@nwinuing 6
wWn3n?l LneduwnasuiiidenInsy As 911UYHA (number of species), UIATININTINNA

(total biomass), number of Cobitidae species, proportion of species in the middle and
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low tiers, dndularfifinnudeulmsenisiudsuiuas (the proportion of individuals that
were classified as sensitive species), number of individuals in the sample.

Schinegger et al. (2013) ﬁﬂmLm/l%ﬂ%aqﬂawﬁﬁqmﬁuﬁ’mumiLLammimauauaq
seusnafufiamzianzadduuasiniunnsaiuan 129 wnsniideuoanuuazsouln
sensiasuutas fulmasiege1de (habitat) nsewew (migration) ﬂmmwﬁwﬁlﬁauaq

[ 1%
.1 v v o

(water quality sensitivity) miﬁuﬁuq (reproduction) sEaUIUUT (trophic level) wag AU
MaNMANEMITINM (biodiversity) wuindl 17 luwindl novaussedwndoufidivun 4
wiEniinaennninl uay 13 wedn lewigdmiusiiuiasussan Jendufoadame
NILUILNITUALHANSENUINLIINAR Y sy uE T DY sudR T

Olin et al. (2013) Anwinswauikaznsuseduiznisiiundanlungiaaiuain
funaud lngdunisiauiguuuunisussidiusuuinisazuuulng 989 EQR (ecological
quality ratio) wuinguwuulyiiuseansnmannnIuuLAY

Lopa et al. (2011) Anwimusismsiivngauiaalunsussiduanmwndesves
uiih Tnedmadaiiuaranmwsdeumenmenmifieuszifiuanmaswndeuvesuiily
wiih Kamisaigo Lilas Fukutsu Uszmedidu Tagldvdvaiiimundmsuldiuydousulss
A mAsLIndoNveuith fifld 16 flasfmuaandoyanninTsuuasUseiiTin (wu
Smsnnslvaiisesnsdaunnden manald) uadddiavinifeduiusululasinmsusuusuas
Hurouvanid Wedsussloviasnuiiuingddvesan

Ormerod et al. (2010) a5uediausnasunats 9 suseszuuinmign laeviald
nsdifnvindrduandiifiuinirinoraiiniudesninianssuiarusuioy fensld
Uselominniilasnss yufusnadudy § nfensauvessyed Suuddsmanoszuuii
yliAnnsAnuiivannvarefifukanssnudessuuinmidafioraudlaganisuas
WUINNIANTT

Orrego et al. (2009) mmq@uamyjiaiuazmmwmﬂwmmawmaamﬁmﬁuﬁ/uﬁ
sasziuiy Tnensdnwudsituiieandiu daufle Epirithron Metarithron waz Hyporithron
Tudiuszduanugangaazfiaiauvainvatsaiuazdarowug i liennus ouadiv
Tassadeyusudanmanilldfudvinasgaunainnissumuvesaysdlagianizuiim

IS o

mouavRNLUY MsfnwiduansliiiuinfinudAyenuduiusseninemnsinesnavun

a IS

ﬂLﬂulé’%’uﬁw%waasi'mmm'mﬂ'ﬁﬁﬁm?wgﬂaéuauuaq Chillan (Fecal Coliforms, Weanesa

Y

a 1Y

, llwsiau, COD, Ansilni wazgumnll) nelAAnfIUwNTINNdIAYN1IABUALDY

Tuuan
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a o

Hu et al. (2007) Tdwm3niieuseiduaninvesuna st nszuaun lununidnis
WasUUamE eI NWMAIN L UUALYeE1515 Nan-Shih Tudssimnalsviu neldtoyans

Ua (IBN) wuasun (FBI) wazainsie (GI) wWuswdl lnedandusvsindn anntdusainsuianaduy
TUlgnusastianinnsewadn (fad 1SC) wesiutvaninuwdunlngsiulanzuy 1SC Ao 33.89

' [
o A

Juausitemansenuvedlasiadnueinisuivaiihtuninanenisivaveaiogned

—

v o w

toddny ilesan arudeulnsuvesiiogerdeiintuanmsuiundsumsivasesininnis
WAsuuatiuiivionansenulpenswielnssainsfiogordonienionin

Seilheimer andChow-Fraser (2006) n1sftwutuaznsldfeiuanlufi ufiguduile
Uspifiunmuamvosiiuiiguineneilslungiaaiu Laurentian Great Lakes Tnglddayauanann
ﬁuﬁﬁuﬁﬁ 40 uisad Laurentian Great Lakes iaaiu1 Wetland Fish Index (WFI) Fadu
.3 eailefianunsaldlunsussidununinvesdeneilsld wazdedndvdl wrl duselow
wnniilsdfudulugiugiisdnanssnuanyudienuainasuazaaNyTaives

GRENIIY

Araujo et al. (2003) MuuawvInifiaysziluAmn N wid11519u9ga Wuwshi

a

N19L-ALIUDNYRIUSLNAUIITA WANIUAINNENT 1,120 Ny, AMUA 11 wnsn AARIIE

)}

&« N v & [ J . . .
NANTENULNBUNI5UA 8 ULUAIURIFNTINLINR DY ﬂ@ﬂQlI Native species, Alien species,

a

Omnivorous, Carnivorous, Intolerant, Tolerant kagnUINAANMUFUNUSAUFINA DA DY

2.4 waluladmsnsiansasseennefiiuovasuailudawanday (Environmental DNA
(eDNA))

1A59a319nq UgurEUa1a1U1T0ABUANDINITTUNIUAINAINTTUNY B LA LA BUYN
ﬂizmmmﬁqmsLﬁauaqmaq@mﬂwwfwLLazmiLﬂ?{aumeﬁwjawﬁ’a (Ormerod, 2003) Su

a o

AANAITTY 1970 AvildinmatnUamatesiingniiunldegnanitwnaieuseiiununin

Y

v

yaflnrineessinuardnlngjaziuegfuduimiuauysainisdinim (Kam, 1981) M3
it iantemnintuaniizdradaiuuumadosiu Tneuminuiazginadicuuansis
funlassadrevesanlussuuinady q msussidiuasuuuusazaSersuuuildaviouds
gun1nn19iL3AINen (Harrison and Whitfield, 2006; Schmutz et al., 2007) Wosan
FnwarnadAneuardvivadndngihluldaenadesiudormuaves Wrp Tuglsy
(Costa and Schulz, 2010) LLazUmﬁLﬁuﬁ'qﬁ%imﬁmmsmzmﬁmiﬂ”asi'mi'mL%Lmﬂﬁhﬁﬂ
nqudnilaifinszgndunds (Pont et al, 2021) MIENAIBE 1A IBTTUVUR WAY 19U

Electrofishing #uduisn1sdusegsfinuzinegradunisnisdmsudisiavanluuauiug
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g WFD (Pont et al., 2021) UA35N15A9Na1I0 03l NINMUIIIULINLALZUARINTA BIH
AuaNUALNIzay §ﬂw3qﬁﬂ'w°lﬁz?’a]"18qﬂ (Borja and Elliott, 2013) uenand 15019
Electrofishing Tlasnsafntuldluinidnistnlaiis (Alard et al, 2014)

Electrofishing 1uisnsduiregreiiiuszansamuazduidon udidedinos
amgnduntunsduiiegiaazauinaidulunisnsaduadidinimenn (Mackenzie
et al., 2005) Mnduusiinaednisnissnanianumanga (Pont et al., 2021) iy
withifiowanhdugdy lifiedesderdnlafivnzaudmsunsduseindsuimnally
Lméaﬁaq'mﬁaﬁgwmﬁﬁag mnagldinsuuuiiuarannsafiuiaesndluiuiiusimmud
vidouSnamneilavindu (Zajicek and Wolter, 2018) %QLLamﬁainzmmﬁaﬁﬂ%’ﬁhaﬁqq
d1msudTsn1suuuLA Y (Pont et al,, 2018; Zajicek and Wolter, 2018) U3 Uun15v1
Electrofishing fiatduismsfimuzauiian uilumsufuasududednsnaunaiuvos
\n3asflonaneussinnileUszidiunugauanysaivesaeiugiaualuudsinduldegng

2V

gnned (Casselman et al., 1990; Zajicek and Wolter, 2018) IR GRS AR RREE R
WUy (Pont et al., 2021)

nsUsifiuauanysalvesunasdlaglduandudvdy adudeamesuguiu
Megveggnssnasuiugn (Pont et al., 2021) mMsguiiusegdluaieiudimendsng
I3 2 a o = 2 W ' gy Y ) Y .
Judszinunanifesiufsanuanuisalunisiiuiiegandaugluniseysnell (Guareschi
et al., 2017; Poos and Jackson, 2012) Tnglaniziuninnquuainiainuesulnisianis

‘NI 1 5 = al a v 1 1 I3 U 1 = 1

Waguulaswaznquiaimendu danuginuarivsuadessenisduiiuiiegeinass
AzkuUganeve 1Bl lnglamzluuvanhvualvggsiesdainunegigiuegauinlunisdy
usaeg19Uanmanil (Dolph et al, 2010; Wan et al., 2010) 1ilasannguiainaiid
ANUAIAYRDNITUTELEUNITINN (Pont et al., 2021)

Environmental DNA (eDNA) Ai® 58450819518 UL uesdnd v vaund ooyt
a P & fa = ' a a e
ARG NANTAARITOUAEINTNNIY WAZEITOUNIIDU 9 (Barnes and Turner, 2016;
Ficetola et al., 2008) Tugn1nd I1naoun1911 eDNA 985 A913L3891964ANTLINUAY

' (%
a aaa U

UVAANTIUAADAIUTIINGT TIUTETRVRIANTINUY 9 (Barnes

[y

nszuauTlulrEItY qTuegn

and Turner, 2016; Goldberg et al., 2016) wazazltinaruseunn 7-21 Tu MY uey nu

Y

annzuInasy (Dejean et al., 2011) N1slasused UVB anudunse anusou uay @1u1sa
Nl eDNA td@auaaeaslule fatiu eDNA @1u15a0 5393 ukarTMuNvlaugdalaua1n

{anils Wen wagsenien il osvesd it inauinlng (Barnes and Turner, 2016;

Bohmann et al., 2014; Taberlet et al.Coissac et al.Hajibabaei et al., 2012) DaldINI5n9
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Fanarnduisnisdisanuulul us eDNA Hufidnanimumaalunisasiageusunis
$23nen (Zou et al., 2019) uagdarminmiiuiisanediazeyarlviinisussgndldlunis
Uz IlluszuuinemngIsing 9 4 eDNA (Pont et al., 2021)
NSANYINUATUANNNAINNALLATAIILDANALYTAINITINNUUULALABNTETIA
Tngld indesfiomenaUszauuunaiu 1wy a11e orwann vienseualuih Wudu §38n0s
fananvhlfiAenissunuiorhaneflegerdevesdaidinimualuwman wasdedsn sl
ansarmuadineddiTiafiunnaratuluaiunnudesnisaneld (Pont et al, 2021)
uBN9NT eDNA Ssannsnnsraduasdifiniivenuadiliansassydoyanmuamuosnds
Uszanng 1 Sandruma vunn So visedu 9 1¢ dedeyaduiine sy id msAnwiuuy
fafnzdAUIIEaNuInnI (Goldberg et al., 2016) deudinnislausyleviiannisnis
eDNA a¢lsianunsameulangidesnisiainenvesdeidinliamun widuselowdedtennly
nsmsaeumsiiailndgasius uazngudnissiuldidueensd (Zou et al., 2019)

2.4.1 DNA foazls

' '
S a aqa

fLduLe (Deoxyribonucleic acid: DNA) fie Fogavasansiugnssy Anuluddld3nn

'
a adada a =

gila vimtfilunisiiudeyanaiugnssuvesddlidinaiianis o wild Jelidnwuzidinig

' o
Saa ! 1 A 1 1 a

NANNANULNIINATINTUNDU T9ffAe Junalazil edaunsaatenondneas U idatiane

(] 9

o ]
=) 1 % (% a

Juiall Faffejugn vsegunau arsiugnssuisuanegneluad (Genome) Wudeya
MeiugnIsuNYiaETIatuissinegldegradussuulaenieiiugiuniaiugnssuiign
noansiadmsunTaslusAuEendn 8u (Gene)

Adule (ONA) Luansuseneuiduansusenauninnsaianiadn (Nucleic acid) wu
eluwadvesdadidionnuia loun Ny d97 uywd wazuuaiisy neluwadvesiivuasdnd
znufLdweld 2 unas Ae Adweluiiuaded (Nuclear DNA) wazfiduiafiog neuen
a = = a & ' = v caa & ! a
dnpdead wduddwei nululelanatadu lnednidadweoylululannouinie
(Mitochondria) (@aws, 2555) laseaseftoute (DNA) fianwauzaatatulaiisy (Double
Helix) Inedinadtanalalng (Polynucleotide) 2 @y 3assialunuinaseiuiuiy woatdind
1olne (Polynucleotide) anenilaisesdalufieivisain 3’ 1U 5’ dudnaieisesdluiianie 57
U 3 Tmevie 2 @184 wrdruiduiinianesndlslua (Deoxyribose Sugar) Liduuen wu
| A v Y] a v Y% I3 A Y 1w vy o § v
dnduvadmiiu lnewanegaseiuiudeaduandigiuld (Complementary) vl
Aoue (DNA) Idnwugaaretuladidndimiewin s1vestulausazdnaifanisisesdives
famdlalng (Nucleotide) &1l uluanaiiUsznousisiinianoandlslua (Deoxyribose

Sugar), igjWaaiwa (Phosphate Group) (FeUsznoudeeanesawazeondiau) wazlulng
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[ a I N

Jdaua (Nitrogenous Base) Igiualuianilolndiiay 4 wiin Ao azAtlu (Adenine, A),

e

=]

2UU (Guanine, G) Faduansuszneuminiiniu (Purine) @udnwiniuaisusenauminlug
19U (Pyrimidine) Aa lala@u (Cytosine, C), Wil (Thymine, T) wazvvmsasvestulages
Hrsgnidonsnowua Taeil A szidlenitu T sewustlelnsiaunuusiuszg (Double Bonds) way
C vzdiouiu G feusylalasiauuuuiuszany (Triple Bonds) (www.thaibiotech.info)
2.4.2 lalppaunseandute (Mitochondrial DNA; mtDNA)

lulnreuessadiduie fe fdueieglululaneusis fdnvuziuinauuaisds
a8 (Circular Double-Stranded) 1Judtdutefidvurnidn dslulnreuiaioviuiiiaien
Wulssnundandsnudmsuldnnegluwad 9annszviunisunelaseauiead (Cellular
respiration) lulwadvesuywduazludnidlvg lulnaeunsvasioueianueniuszuna
16,568 Awua nievUszanudosay 0.001 vastiduermuslumaduineaditsungiuai
yunda 3 druguua lulneowedeafiduie 1 29 Sisuinadvimiilunisaenstaduri
wifi lunszurunismislaseauigad wavdluiilidnisaensia 138031, D-loop.w3e
aeulnsa 35ea (Control region) luduvesuiivimiflunsasnsiaduannsanonstals
wovue 37 8u Tueswaud &1 13 fu Aansauvasaldidulusiu wu Sulalalasy O (
Cytochrome b) Lo lalasu o8 n &L ad(Cytochrome oxidase) thag L 8 1 A T U L na

(ATP synthase) (il 2.4) (avienl, 2554)

a o = a &
AN 5 Iﬂﬁ\?ﬁﬁqﬂmaﬂluimﬂaiﬂﬂﬁﬂaﬂLE]ULE]

fan: (Taylor and Turnbull, 2005)

Lulnreuwieadiowelinaauifnuand199niiuadesaidue (Nuclear DNA) nang
Uszns delululamoun3eadiouie dauwusduganiiduadesaduiedanuaiiy

warnuagveadandlolvdlululaasunieafid wed sz ni19d Wldinnvvdany Tu
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Q N aa

vauziiorfuauiuuUsnaiuiaduessinseninaundnvesd i T3 nile ety
({esnnnalnsssumdlunisarvauaruduudsluaiduivadiudif ofnwian wuas
psAUsznouvedlusAuliasfiuaylailidanansenulased siin auaudAdenainiyini
auddglumsthuldsuunadinsewiasenaniildesrnindede uenaniflilnneu
wRpaiiBuedsununsowadinn Turaeiiluadesfiduefifies 2 9 (Diploid Cell) viail
Fruaugnvedlulaneunisafidue luwaswaddsdenuunndistudie Juogiu Ussnn
vouwadiu q luwadfidesnsndanunnazilulnrewsdonnn @ waldsuau lulnnouss
pamduenndudisidudadiu wu wadduiugimads Suaululareunioafiuied
1ANI1 100,000 YA iwadsenefiuszana 200-1,700 ya Wiy udlaoidsudaluead wils
9 axfivunululprsuniadiuiulszana 400-500 ¥n llapswn3saniduedinumumniy
AeanInLIndaunIBuBnUINNIguAdesAE U Fagninwraninlafniuaziionsinig
Aouanmtiosnin sl Hewnlasadsvedslnnouniefidudoruassiugislunis
deafunsidevanmwedlulnaousieaidue Gin uas gina, 2556)

Environmental DNA (eDNA) aunansnafinaindogsdandenls wulufiu v wae
o1net Tngliuendsfidiadimanenied udrusenaindretns eDNA ansodlldlunane
anugauAuReiiomndliFiniimun (Fufsouteniuniduiegdunisuadifey) 1
udsluanaddueiidudeufivanil "ase’ ddlaiynAntueynindu 9 (Tumer et al,
2015)

2.4.3 M3ATIIMNFBITIAEIE eDNA

eDNA Qﬂﬁ%ﬁx‘l“ﬁuiﬂﬂmi’i?uﬁu%EJ\‘iﬂ’]iNquﬂL%aéaﬁﬂﬁlﬂ N13TUAENIBNTAREAIVDY
AsiFinfionouds DNA dannsnegmeluwad (Ssnsdogneluwaddsusznoudie eDNA 7
annsnsaanuld vie Udesoonunainiead n1sii DNA axgndesanstuegiuiiadenis
Aswandou Tne eDNA gnaudsdodesasslusey 1 ludunndeulnsianizegnadsluiuiai
Inaguuluh fafuieinns@nvuasyhaudilainiisesses eDNA nasndeluuasni
vionzaay farunndesrualu Ssnsidudesiudlfiduin eDNA annsaindeuiily
ildsgvinhifussuagerargnaneilamnineldfoulvususznisluanmundendiing
wninszaneuRzenfiarueneen ¥lA1NN15TLEAY eDNA mmmdaﬁagjé]’ufﬂnmm%ﬁu 9
Y9INSUUAT eDNA DT mdsdnitnamieSefiunudasatudude (Littlefair et al,, 2021)

N13A988v8 eDNA lin3stinannansenureaqdunse ausou UV teuleduas
Aaudunse é”;uLi'qmisJ'asJamsJeum eDNA dslun1smuinadniinisyesaanyle

o a

nsAnwluresfiAnisfirdndsidinesn (mesocosms ) uarnsnsainmaneusly
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Aevdsdae eDNA sauvisdinsfnuluanmuadeuniaidifiniseuay wu lutonaass
Hifiudn eDNA Sansogilunan 2 dUaids 2 Wou wandedalFingaiusluudatuny
eDNA aglungnounaAuldurunitlu foiu uenanmanaandofioueluuvaaindad
wlupgneuRuATiuGmnadiunniduiu

2.4.4 DNA Barcode

sa a Y]

\ASeNeALoweuslAA (DNA barcodes) fia nslddeyadrduiindlelndise s

' (%
Gl aaa = U

BHUUUINAABUIATT WS U MeUS NS el U aved T innidvunnduy 9 1

| o v o a a ada a =1 1Y =~ o
%ﬁﬂiuﬂqiauuaHUﬂqiﬂ@QWLLUﬂGUUWGUENﬁQNSU?@ (Qf\]f]@, 2556) UanINNUANMUAIIYAAIATD

o Y a a ada

anuuanaavesatuiinalelnd9ndadddasing q Seflanudenlestuauduiudnig
AYaun15ve9adiTinfng 9 ety anAes (WSTeA, 2554) #9151 DNA barcode i
Togusvasdiiiolfifuiegd esdlovaglunisszydsldin uagianusn (Juegadeifosditin
sunsuisnulunsaiissyuudnsdaiigndes (wsnsed, 2550) uazdmsuuddliidu DNA
barcode tugfosdl AmaNTR 3 Uszms léud

1. drviuianalelnsvesiuduiinuunniisannneiiozyih Iiuendedddaswinty
genniulduddosdanuuandnanislusiadeatusiannvielifiae

2. \iuBuenfivinaeyindiiaunsolilwauesidu universal primer 1y
deifinUSinaiisueusnaiuieuiaseigensls

3, funafivanzauuszang 500 - 800 @J'L‘Uﬂ (base pair; bp)

TAMANNITURIALOULOUITLAR L‘%'mmﬂmiﬁﬂwwaamiﬁmﬁamsﬁuqmmﬁugm
YosadiTin viedanalelnd 4 wuu leun ozfiiu (Adenine, A), iy (Thymine, T), laladu
(Cytosine, C) wagAatlu (Guanine, G) Imjmﬁ'%’@L%ﬂaﬁaﬂﬁialmﬁﬁugmt,ﬁmﬁwa%ﬁuﬁ
(gene) Auansnefuly viliiAnAuvanvatevessiaiugnssy auduinveanisisa
113l8n Tnevaeisweiaglfiduufidaiudendurrsiid uefiniunisnnauazseusy
(standardized genetic loci) Tt uunsiAnuesd fid3n 1¥u COI (cytochrome c oxidase
subunit1) e sun1seausuliidu universal DNA barcode @1 udnd (Wsaus9A, 2554)
Hagtufidueunilaananeuniundesiiddnemilsiinnusgndldiunuvdanisin
NAUAUNAINUA1BNIFINN (biodiversity)

nszvummhidueusldniituneulasasuded

1. mafiuseteiideantsvhudldn tuinsivaeududualdd (reference)

2. ATTUIUNISHUTILIUALD ULEAIUUNTIAARamMATlA PCR La¥A1SILASIZia1IaU

a & v v
LUAYDIALDULB U LAR LUTIBINAR D
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a 1Y) ° v o & a oA AN s A & )
3. MawssugIuteyadmiudnnuwazenleasenI1aTealddRuRLawe U SlAR
4. ASAATIETNARULUAVDIFIDE19NRBINSANET walttnldiwSsuisuiuuisiantu
o A AN faa o W v PN
Fudeyaivevnalddniavuualndifieanan
2.4.5 3301535129 eDNA
2.4.5.1) NMISAUAIDE
A aa P = ) 1 H =
SRdeuldunAan1swen eDNA 21nA19819UlA8N1SNTDILATANALNDU TINIT
anagnawneIdestunsiiuinfinsiuiviinadniesisUsunaniuntusgiuunaun
Tngsiu fuagladlumsn vienseatunsaslewna
2.4.5.2) N5afnALoULe
nsanafewelinsldyaaiaadislunisadafiduesiu 1wy Qiagen Blood waz
Tissue kagYn Powersoil kag Powerwater 311 MoBio s2uv4n15anatag CTAB-chloroform

v A 1 1 a U -dl IS ¥ ¥
uag phenol-chloroform faiinsldupigniuiiesainiisagnaunsaaniunuls
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4.5.3) wmAllA Polymerase Chain Reaction (PCR)

2.4,
Uffse1anlgnediusisa wie polymerase chain reaction (PCR) 1 utnaiin

Y

=

ﬁugmmaa%ﬁuﬁwm (molecular biology) ﬁiﬁ’ﬂumsLﬁmﬂ%mmmsﬁuqﬂﬁm 730 DNALu
viaeavaaes 1nU3una DNA Alfuuiuuy (ONA template) iisadntios auldnandadu
Wudulana (@nauiugmans wislsenalng uavaatuduasunsasuinemansuay
walulad, 2548) lnee1AeesAUsenaun1e 9 laun ALouleuluy (DNA template)
deoxynucleotide triphosphate (dNTPs) wa 4 vl ldun ovddu (adenine, A) n2ilu
(quanine, G) leladu (cytosine, ©) loilu (thymine, T) Awieaeisufuawindus(primer)
winflieumanlsa (MgCl2) Tvmes toulusiAiduieneadiueisa (DNA polymerase)

Tuduveiisensduaneimisuesiuuifseniifndeiios o fuvatuseu
Tneustay soudl 3 Suneu il

(1) NM3uenang DNA wikuy (denaturation) Tdaaumgiias 94-95 esrwaidua 1Uu
nanUsyanm 30-60 3undl ilel# DNA aaneindengeenannfuduamenion uazvimiidy
wduuulun1sdauasizi DNA

(2) n15dvresatslnsiuad (primer annealing) 19aungivseu 50-65 o3pn
waidea \Wunan Ussanas 30-60 3wt Wislilnsmesidnduiu DNA wikuuluudnafidwu
RIGEGRIN

a

(3) N13daLATIET DNA anglvidlaeniseeanglnsiues (primer extension) ldgaumad

Y

70-75 asAwalda 1Wunatuszanad 30-120 w1 Juogiumug1Ived DNA fifeanisiity

F1uru Yunouil toulwal DNA polymerase agviminiuua (A, T, C, G) Mviradyu DNA

[
= o

uiuundedfivarsvesaelnswesiedeniielild DNA anelml UfASeziAntudn o
Uszanas 25-40 s0v Taans DNA fidaiasnzsid uluusazsevazgaldiduusuuulunns
Fuas1ek DNA anelugluseuse 9 T §aiatulae Msthvaeanaassiifidiunauvosans
Fananateduidn “iadenfiuusunas DNA 89lusf®” Thermal cycle 3o PCR machine
waAm DNA filsmdsauufizenazifimduniquanudnnusou dedunalsl wiidu 2n Tae n
wirudauseuviUgATen (auneuiusemansuisssmalnguazanduduaiunisaou
enmansuaznalulad, 2548)

2.4.5.4) MINFIVIAUTUIUAOUS (DNA Quantification)

nsnsaviausinaiduelaenisldinias NanoDrop spectrophotometer anée
wEnMTUsIRe Avilinseansdaegnalisewing Optical Surface fuvukasiuaLiolina

' Y ' ) & | d' R '
NIUAITAIDYIN @1U190 '3@ﬂ'ﬁamﬂauLLaﬂ\{LUGU'J\Tﬂ'JWlIEJ']'J?’]@UVLNU@EJﬂ')'] 190-840 UWIULﬂJmi
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aunIndinseilaevenans d1eg19 1-2 lulasang 1AT99AIUIN UATLARINAN1INTITN
Wil Jeansazatefiduefianiueindu 260 nm aeiluannududuyes Double strand
DNA 50 ug/ml 98@ANAULaINALE1IAGY 260 nm (A260) = 1 leed Blank Lluansazans
o ¥ a
Mldararefioue

N13M3IIAVINUIEVDVLIAEWE (DNA purity) ansnsamliaindl nsganduuas A260
/ A280 AIANHUTANSVRIAOUE MmsiiAteglin1ndn 1.8-2.0 Faindninluansindnig
YuilouveslUshiuas 3am1as N1 2.0 wanadanisuuwdou RNA Feenasesimdueiluvi
purify 919nNATS

a ada & aa = I3 a af v

nsuenvuInALULelAeITBIANINSINGTa (Gel Electrophoresis) fia uimnallafilduen

luanavesansnidvszgeenainiulasly nszualnin lneliaisifivszquundauiniu

'
1 [y A

fnansviianiisluansazaty ansiivszasniuasedeunlulufiamnseiudin wenandsey

9

Y o :s' Ao & 5] ] N o g vy =
LLa’Jami’lmiLﬂaE]‘UV!EJWUEJQﬂ‘U‘Uu’m E‘UtiINLaqaLﬁQLﬂa@uVLWﬂqLLagmﬁﬂanWIGU@’JEJ LN

a

Tuanavesddueysznoumevyeamaduauin asavalsvesdoueddivszgluaui

9

o '
o =]

pH Junans Wisegluauulwihluanavesdidwessiadeuiinntiauludsiouan weswin
wyneamnludinlsznovresindlelndnnyien Aduefidvualuanadnasivgoans
agtioaninluanavuinlng astiurznuinlszaseuialuanavesdiiduennuuiadianviiiuy
anusilunmsiedeunveduanafioueduedivvwnadudlngedelsinuiivededui
fnaran1siadeunvasluanafouLene
2.4.5.5) a1uAdule (DNA Sequencing)
1 o v a = 3 a s v o w 1%
nszvIunseuamuvesindlelnaneluluanafiduensdindiuuniuisianay

(%

ARTUUURNAANBTINTIAAIRUUTIIUMUES (19U lonTorrent, Illumina, PacBio) U14ATY

[y

Sendneginmalulagmsindinususeluunannasy Illumina @319 N1seUUTENIN 25
é’mm%gwiami%’uLLazmséf’ssﬁwmuﬁ’aaéwﬁ'ﬁagj Sefunsiudunudiegslunisiuazan
ANLATOUAGUYBINTIAMFUT A REFUTIvenle

2.4.6 wmialulad Next generation sequencing

Tudlagdunis@nvmaduiuanmunvesansiugnssufiiue (DNA sequence) i
aufnavtiegnann fnsiauimedaludgiildaunsamdiuvaldsmgatdy (nd
Wautl warmmz 2558) Msasiamaduiandlelng (DNA sequencing) tnevinluagldinadia
ﬂﬂi@lﬁ’;ﬁ]ﬁa’lﬁmﬁﬁ'ﬂmﬂa\‘i Sanger sequencing (first generation sequencing) ?quﬂﬁuwu
Tud 1977 (§, 2556) 1TuisATUszanSam (output) laige Asusiinvzdninugndes

(accuracy) gafeny Wesnldialunissiauuuaglianunsonsisasuiedlolnddiuau
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170 9 wiouule 1ns1¥n15vin Sanger sequencing @unsavinlaviay 1 Aaeg19veeduLe
dudu o Srdein1snsIanatefiegmsenLs wanates umLs (Mane exon Wie nansiw)
$1dudeci sequencing nane q ads ﬁﬁlﬁﬁﬂﬁﬁf\haqq%ummﬁi’ﬂmumimm (0431, 2556)
Fehilugae 10 I Fefimsiamuaziendimsdnssuvasuulmlainly el
auananselunsmaduiua ludsunadiuinnda (hish- throushput) vildvanedegidly
aAEIRY (multiplexing) ag IAulilun1snsiamnisnateiugves DNA aandn (high
sensitivity) %aﬁ%ﬁtﬁ%mamiw Next Generation Sequencing (NGS) #38 second generation
sequencing MsawAtiadnszvianuLUasulud (Grada and Weinbrecht, 2013; gt 2556)
Anstdumeluladmsmearduivadiimuntulnl fedlmuaunsalunsméaduingle

a

Inanadlus (genome) vesdesiiTinlnegnerinsinelunsaden wasilusyansnin uanannil

a = U

Fnstdsansamaduinedlelndlaeilifesdmduiandlelndundeuld vililidaya
SduvasuImmadiddunuaildsiefignas wasumadaiunlddmivauide
Hagtiuegrauninats iednwmarduiindlolndvesastugnssuiomnvosdsdiding
aula e?fﬂL{']uaﬂﬁ‘dﬁzﬂauﬁﬁﬁﬁ@ﬁﬁjﬂiuﬂﬁﬁﬂmmqé’mﬁiuﬁﬂé (Genomic) (Wilantho et al.,
2012) wialulad NGS fnswaundieisnsvainnats 1wy nsusuanasfidueuuy
PCR Ingluidasmennszuiunishy chain termination WU Sanger sequencing wAviln1g
grudvuinalelnaiiatulundon q funisadisans DNA #ae PCR denaliniseudduil
nalelndiintuldnasniaa iadundey q M saziniusuaunavatesumsdung
Weaiu (massively paralleled sequencing) ) anAdaRAEULD (DNA library) Fuwuuiled e
Inguiisen PCR vibilsdeyadiduiirdlolnadiuauumena Tunanduniag (e1365n1)
Next generation sequencing (NGS) ﬁiﬁﬂuﬂaqﬁ’ﬂé’m NIIWIEIAULUEVDS RNA AD
Transcriptome (RNA-sequencing), N1ANYIANNAIENATNVDILUATILI Y Metagenomic
sequencing (Metagenome) mimﬁmyuLuaﬁuaaaﬁwuuqﬂﬁwgwm Whole genome
sequencing (WGS), nstdenerulanizainuiiinalolnauisdiu 19U Exome sequencing,
Targeted Sequencing uag panel sequencing LazguLuu NGS finarnwanetuiuuseni
Waiwwealulad Tnewedesdonns q dudnnismaiduiaadlolnddwansdrefuly wu
LifeTechnologies lon Torrent Personal Genome Machine (PGM), Illumina
MiSeq.454/Roche, kag SOLID/Life Technology (ABI) (Wilantho et al., 2012) T aunay
sunuvazmngsen iUl lusdiunnsiistu Tnsusassu wuuazuansluFosnsinies

ARIALOULDAULUU (DNA library preparation), Mg 1uIuA e ulodnsuitnsziaisuil

ndtelnd, Anuwsna1sweteyanteIanuiliedlelnanls uagdnsAuEanain (error
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A v o ¢ o

rate) vy afild (21385m1) malulad NGS Wumaianiuldlunuidedagduedis

wnsviane Wednwimainuiiindlelvdvesaisiugnssuiaonunvesddldisiauls Judu

o A

aeRUsznaundfyngalun1sfnymienualuing (senomic) inalulad NGS fildludagdu

Town

De novo WGS / Reseq / Exome/ Targeted

Transcriptome

Gene Expression, Splicing
mRNA, miRNA

NGS Metagenome
Microbial Diversity
165/18S/ITS/COI

) 4

Epigenome

Genome-—wide Methylation DNA Protein Interactions
BSWG, MBDseq, ChiIP

AW 6 NGS applications

(https://www.gibthai.com) (nTWa1n NGS applicatios)

(1) Whole Genome Sequencing (WGS) tumaliafildlunisanwanuianalelna
& o A Ada = Y & . . .
931Ul (genome) Tudslldin FeUsznaunievsdiu coding region (exon) kag non-coding
region l¥lun1sfinwainuiliadlolnsfiauysalludfidin (complete DNA) Tiinasilu
chromosomal DNA #ifl@auusznauvas DNA 91n mitochondia AlAandnd wseaiuvs
chloroplast #1laanniiy lagldvayangulauiangimanuauysalvestoyauaziily
ATV species sioly witagtun1sin WGS dallmldinegeunn doyanladdiuiuuinis
aodldszagnalumsiinsgvideyauiu uavdeyailalasaniznsvisuivasesdinull
wnalelnaludiu non-coding region @sduunnineduieanudrfyaoudiseniiosanndy
druvesnauenlilignuuasialudulusiu
(2) Transcriptome sequencing (RNA-seq) lun1s@nwnansiu RNA s coding 8819
MRNA uag non coding RNA L1 small RNA 8819 miRNA, siRNA, piwiRNA 1838983736 1ag
I = ° a a | . = a
WUNITANYINITNINUN AN Na189098U LYW mMRNA sequencing WunsiFeuifisu
SULUUNITUANI80NTDIEY, N15311UN regulatory RNA waz gene fusion, N1534AT18%I9
SNPs Tun15@nw transcriptome resequencing #ian1sAUMIALUsUsBUnlInT I Ao

WHudu JagUumaia RNA-seq dranlduseloadndan 9 loun iedauusngy transcript
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a =

savelueadmueinuesdalidin dansounguils mRNA, non-coding RNA Wwagsmall RNA,
deswunlassadimesdulusedu transcription Tudiuaessumia promoter vo9duly
FUuUUD9 splicing WAENISLAA post-transcriptional modification wazifi oA nwus U
STAUNITLENI00NYBIBY TuszAy transcription

(3) Epigenomic sequencing Hunsasiaadeu epigenetic modification %ﬂLﬁumi
WasuwUaafifinasenisuanseonvedu walidnarliiAnnisdsunlamesdidu DNA
#avaudfve epigenetic modification d@aulng VialWiAan151UE suwUasues DNA

methylation k&g histone F3UTINIAIVANKEAAIDBNVDIETY

v il
a N 6 o =

(@) Metagenome Sequencing LﬁumiﬁwﬁiumamaumwwmwﬁagﬂuLma'Qﬁ
9YANUTITUYIF 19U aUVSTLuAY aunsdlunn Wusu Teglusndudosnsnuaziniziass
AunIdudazyintuan Jayanlalaunsainlulduselenilunsfnuianurainvansuas

v o € a Ae A o | ) A '
ANUEUTUsYeaunsd Wellugnmsdunuansvsesuluy

wialulad NGS wiazyinlinisnsiamdisuiedlelnavinlaegesinswazanaildane
ManuadlollSeuiisuiumaila Sanger sequencing ¥R 9INTIINALEIUVDIALOULD LA

' < =~ U AY o o A = A A % Y v A

agalsnnnalulad NGS §alldednin AsiaTasdlafisiAtung dodliilteivgluns
AATIzvNe wazliainisanan1svInnIensolfuuvwIn g lague sadutedninues
WwAllA Sanger sequencing SAuvivg vl NaUINLazHaauUasulallosannnalulad NGS
FndudasdinsiiusuILveIRLd U g1 PCR Tunnwanau 34n15vi1 PCR fillanna
Nagyiiiinanuiiananvesdinuipdlelnduagyilinanisasisldgndesld wagndnnis
vaunalulad NGS gulivafanainvedniseuainuiindlalndaoud1eas Aedunis
Wasukladvasainuiindlalnafinsranusiomalulad NGS asfafudunamiomnain

& L2

Sanger sequencing L@ue (91385n1) Uszlavilagsiundnuesnisly NGS wWeifisuiuisinn

4 a a

Ao anldded amaﬂ,uiwwnLLazﬁuaaﬂamwmﬁuﬁiaﬁa@d’m Ferldewadsasnismansiu
walagld NGS s fodrazdarasdnideiisiuiudetafiuindusenismnuvesades
uilnds uivhinadeyaihnntuferailifntymlunsieseideyauas uanald (a§i,
2556)
2.4.7 Fanuazyselovivasnisyinaduauislan

(1) Fudufidue (eDNA) aﬁMWiaﬂa@glﬁLﬂuLaawwaﬂai’uﬁwmsﬁuﬂﬁuagﬁ’Uﬂawm
Futusudusazaniiznisdesaans (Levy-Booth et al., 2007) 1y Dejean et al. (2011)
SEMUITudILAweveIan sturgeon TuA 98 bp ASENINT 8-11°C WL 1 e B

= = 1 v & Y @ 2 1 a s PN 1 Ve [y d' a °
dnsAnwneuntniuansliAuIndudIumLeuen 400 bp @Qi@@lﬂﬂ\‘i TIUN BIUNAL 18
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C (Matsui et al., 2001) wazlaeUnfouind udruaefiduiefi 100-200 bp 111507 93

m’maaun’sju?dﬁ%%lﬁ (Thomsen and Willerslev, 2015)

Y 1

(2) svpEv3neIgvaIing1kiling

a ada

(3) @unsaIunAEiITInNTanwazeaeiuLAA19alTdeananiulalaedne

=

(@) FrensAunvaditinatTdlng o

1% ' [
% (3 o Aa = v 6

(5) MInTIamTessesvesdnidiusedniuvsedndunlndgeyius Jansldinalulad
NNIATIINTOITRLNNIALDUDTOITR I I NE oagludawinden 5o eDNA winfinwinly
VAINYANEN1TINNVRIENTUINNAIREIT @113aNTIUAT AW TInTIdeIN1MI Y
o A ! R °o g v ° | A a aa 4 &
ndsnsdogluuvasniniuy o uagvilinunisasseguesuarinuianiziuidanuds sy

IngAsienisagyiug (Critically endangered) filusianisfinwiieviianudilatiaume s

' '
1 ) a AadAada

ogofBuarMIunInsEevesslaiuginaiiievhnseysndiuses sy edsdivin
ynudieiugasiinsissessosansitugnssuniefidueliluduwand en fanwadinvesde
INSNE Wara15BuNIoay q uagien1snsamsesseensmiduieveanalulad eDNA
21nf1981917 warthuuIsuifsuiudeyalugiudeyanieiusnssunazansnadng
LHUAMLARIALTAINMANBNNTINTNUT MG LLIEY 1 Tuudasdianauazaniuiiveanis
Auseeslaluiian

(6) Mansramsessenesdnfthisiuiosnatu

eDNA uedesilefifuszansamlunsameduda i fifinansenuredaiiviesiu
lnedilasinis@nwilunguvaians lueldie Uerde et al, 2011) wag American bullfrogs
(Dejean et al., 2012) usnantugiingld T imalulad eDNA Tumsnsaeasusiiniuguan
Ao bighead (Hypophthalmichthys nobilis) wazlan silver (Hypophthalmichthys molitrix)
Fadulariifnansenusodnitnfiosduly Great Lakes foudln. a. 2552 fn1ssausau
fhet 2822 fregne nenafiviifiedida uazanmInseusesTesTesEioueINUan
Fananai o azLi1se s LLaz"dﬂﬂawmﬁaﬁuiﬂﬁq@ﬁuiﬁmm (Jerde et al., 2011)

s

walulaffnantuiiuszaninmnisnsiams essosfduie vasiugmennsuvisansiug
fudlesiilndaasiug wasamaasuaumuuturessering manszates wlfanansasey
warUntiosundsiied sautoundsndly Afanuddydenisogsonvasan Uerde et al,
2011)

(7) Adweuislianaunsatluldlu msfnwanuduiudidadianunisvesvan lag
n1sasunuaaulsl (Phylogenetic tree) nasuiandlalng adglusunsunauiinmnes

7199 19U 1USLATH MEGA, Genetyx, PHYLIP 628735 Neighbour-joining (NJ), Unweighted



40

Pair Group Method with Arithmetic Mean (UPGMA), Maximum Parsimony (MP),Maximum
Likelihood (ML) 38 Bayesian Analysis %qmaﬁlﬁmmmﬁwLLuﬂUmaamﬂumjm AOAAADY
fuszuveynsuisu wazdalimahluAnwinisld drduiindlelnsvestu COI wag 125 rRNA
Tunssuunviavatlundihovugeuiiidetediu Sonaety wuin Suieaosd il
Uszansnmgslunsduunvin uasihlimnuleinemanivesualdlagarmaninsaves

Bu 125 rRNA gunsaduunlanesiingas (intraspecies) (Ardura et al., 2010)



a1

A15199 3 N15RTUNUTLANTAMAUAUUVBINITATIABUNF 1NN eDNA UazN1s

dsanesduguingilaening q Ussanunssununudadiudmsuusasvumn

Cost efficiency considerations eDNA Morphological survey

Y AldIegedmsuaTeslenld | suuuuane
WA awnsaanalddneleg | Aldaaegelunisinieung

sudloduniieausy istenyy | dmsuiiunmslng

A9 1 blune wastusgiunisiv | Uunans

Y
FagainAutvsaLAusae9

Au

nsuszananafed drunand - ge. 9139 31A Ll NG

U

o

Autanduudes dunulu | dmsvaisiiudeg 1uay

2,
De 02

n1sdnanfufLoule waznis | aunsalfildluiuinwdiegig
Tiaszvinanindudedddoya | nsUszuanadiegifie lude

LUUFA AN

7

YAaINg U1una1e BuegiuAnu@ieIny | Uiunan - gadueg Auadny

W g9ngtan1za 1unay s o 9l

ANNALIYANINOUNTHITTY

AnUasunann Littlefair et al. (2021)

2.4.8 uURBMAgITaIINN1519UsEIovURL eDNA
Li, F. et al. (2018) Uszynely Metabarcoding 984 DNA LW 8@15939LSINAAUIN
AanTsuveINy e NlinasensAsuwladlaTaas 19Ny Inelinnuiug 97% FIn15Anw
o & ¢ a aaa % Aa i Y o v co A ] .
AsaflanunsavenenUsenaudldintuinlinanelaseaieduiusiu Ao nau bacteria,
. . Y & 1 ad v A a a
protist, metazoan Wa¥ combine wangliLAna135n13 eDNA anansaldinouszsiliulusais
lonuazganslonlavianraigananimwindesivainvae
Valentini et al. (2016) lanagauuszansn1mnsly metabarcoding DNA (eDNA)
Wisuilguiunsdnanuunsiurzedeyaluedn Ingisananuandiiuienuinasdu
Tun1snsedufianinuin Aedniaviiudaziinunanuuiazidulun1snsiadusie eDNA
metabarcoding A® 0.97 (Cl = 0.90-0.99) Wiguiyu 0.58 (Cl = 0.50-0.63) §11SUNITE1929
a 1 dy a Y 1 = a a [ a vl I ad
WUULAYN daudan 89% vesiiuilinusieg1eiiuszdnsninlunisasiadusialafninisiuy
3 a 1 [ & 1y 1 Ao v & a o P [ al = o o =
ARG UAY wagduduiuumenldaduweiidnannnaznaradunsssdodnsunisane
nefiinguaznsnTIvdeuaUaInaten N miduiasguluszuudnaniaii

panvaelan
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Fvans et al. (2016) nAaauUseansn1nuadni1siyd eDNA Tnanisvinasstussuulnlu

& = =

Uauazdniasaunaianduiiusiigunmeesssuuinawazisnisdnaiduainuddguas

[ L2

szlunagninsdanisiSeuiguiunsussliunsiinmmauuasauianfen1siu

=

AsdiTimiuoiutudnuargunsainntanlaeitilufau andulunmsnsadudaiimen
Puazdsnansznudaiduases laglddu 6 Bu dadiulae Ilumina e ¥arnuvainvany
VoA iugla

Tumer et al. (2015) nadeuasufgiuiiinsessesfioue daududulupznouin
fusnnnitluth Taemsiarnududuves eDNA Tuvenaaosuazutithsssund nuhiieus
nnznouazanlufuiioTausinanysmasnnninlutigs 5 whvesh Weduuuamaln
TumsAnwinsiiudaegefiladuiinaenn

Chen et al. (2015) msmm‘dizL:ﬁumm‘wmﬂ‘wmmaqﬂaﬂua;mﬁwmaz%u
(Salween River) fidouseffuusitnyidss (Nujiang River) 99n3u Tagld eDNA Tun1sasiady
Inglameg1shiteueunsian 1139 @ee1s 5 orders, 10 families, 31 genera Wag 46 species
LL‘U'QL‘fJuﬂEjaJ 16 endemic species, 9 exotic invasive species LLazﬂdﬂJﬁﬁmiLLW'ﬁﬂizmm\‘i
e msfinuasaiannsaasslavsdldaieweiibetiols wasnsuamamvanaevesan
Usgdnduanmnsnduziuuulunsimulunisdanisdanadonvesdunin Nujiang River solu
AR

Deiner et al. (2015) lgwmunslanvasnnunainviatenisinmiagly 16S dmsu
guuaiiSeuazlelalasu@oandina | (CON dmsugmslen lagldinalulad next generation
sequencing daUSsulisunisadasiae luguuunisadafieueriegussansandmsy
sULUUNMSNULazanafIegd

Minamoto et al. (2012) Tdwadiamsiiluanadmsuduwumslnianaussuasd
UseAnBamaniu maguadawandeslasianzesduszneutesUaluuviaainia Tnsvanos
AushegdlusmnFey lngldlnsiwesuasnisveny eDNA felnsiesigevaaioudiniam
Uspendldluiiufiads ualidsdindu q Snunmnemsondvegluifufidediuazfesususs

[

5N15LNENTIIURNTINLINTULAS A INENNEIWATIABY 9 LU DGGE, T-RFLP, microarray

38 high-throughput sequencing Wenaniluaninwandeuiivlvad iiinfivdesisue
mf\]mﬁﬂ@g’luﬁnmﬁmﬂﬂamﬂamuﬁLﬁuéhasm
2.4.9 nudefifisadesanmslduslevidululnneundvamsuie
Isnssa wazany (2560) Anwinisszyrdadniselulnouwnsvafidueuiim D-

loop Ingldlnsiuesiieanuuumeuiiseri@ensseuiisuivusaneysndlululnnounsy
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vosdns Ao 125 uay 165 nuirannsasivdudinvesiiduelfiany 125 waz 165 aunsn
wnlglunisseyviinvesdn il

93391 (2556) AnwdlunlulnasunssvesUarinUinianas Betta splendens wWu
Munlilnaowedofivwin 16,982 Awa Uszneuse 13 Bu 7 wasiadulusiy, 2 Suens
9151810, 1 control regionkay 22 Sufiensidue nan1siaszrbuiiuvasiadulusiu
Heuanu1 Uaniadananansdianuvainvanevesianeunadiu (start codon) 11nniaUan
Tunquua1vou Channa argus way C. maculata Fuduvialndidsatueglususdugos
Channoidei umannnansvestaneussiuiioafstuluduiugos Anabantoidei ndauen
nUsTN Yguuiududuges Channoidei uonaniinisiisuiisuarumiioutuvosa
wuilamrdlelnaly 13 u Awlastadulusiu serirsandnliuasUandouis 2 din wui
fu ATPase8 fiannu wileufulusedudnfian fufu fu ATPases annsathunldlunisuen
nauduRuEgeY Anabantoidei wagdusiugas Channoidei la

UszANuS (2556) vin1suiannutuanuiiandlelnavesiluululnasunislulan
n3gue 1L (Amphiprion polymnus) Faflaue 16,903 Alua Usznaume Sufiulasiia
Julusiu 13 8u lslulaweaoisioue 2 Bu wagnsuamesonsioue 22 Bu lneddnuves
SuuudludlulnpeueSsmiioutuualuaed Pomacentridae dlewSouifisuninumiiouves
anuiliadlelndduuainisgudun (A ocellaris) hagUain1sguasduau (A. bicinctus)
wui1Bu ND6 slarsuihandlelndunndnanniign @wdu Coll Tafuianalolndmilourdy
uniign JauansinBu ND6 enaldlunisfnwmnuduiusvesanluisd Pomacentridae 161
Nz aign

Zhong et al. (2018) ynmsmawuuasuiiadlelnavedluluinaswniglulary
R. cliffordpopei #afiaueny 16,511 ALua Usgnaunig Suilwlaswadulusiiu 13 Bu
nsuaesosioue 22 du wazlsluleueaoisioue 2 8u uwavdau control region lnedl
dvvesduuuiluslulnasussemileutuuany R giurinus fiegluanaifisdtu

Zeng et al. (2019) msmdduivasuiedlelndvesdlulilnaewsnielulandiing
deyug Anabarilius liui yalongensis ¥u19 16,608 bp LazdunmunLEnInnsIAEe s

[y [ o w

wuuatuNaonnasdnIlinsznndunal a1nu cytochrome c oxidase subunit | (COI) 989 A.

Y
L% s

liuiyalongensis wag 21 aneiugan 14 anagnihuildlunisiesgvaneddauinisindifes

1 Y

iU A. grahami
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aUnTLAaZISNT

3.1 NSANEINIATUTIING
< Y] 1 |9$ v [ [ 1 I
3.1.1 N15LNUA28819UaINA2991NAUIIT INWIAUIY STzian 1 U wazki
mqa@,ai'mzmaimiaa LW BANYIAIULANAIITEAINLNA WAZDATIAIUTEUINNA AL

A % 6

7515984 (Snedecor and Cochran, 1969) uazidieg19vesaieizdunug Adaaenliun
WSHUMLITUINTFIVYB (Humason, 1962) Tnethieg1afiudluaisazaioves bouin aeng
Yon 24 Saluandadede arumunveniededildldiiu 0.5 wuRwns lunsdiied ofl
dhuvesnzgumsnegaziuuginen decalcification solution um 1-3 dalus a1nturiian
danUszunlwauiy 20-30 widailurluthen Na,s0, anadudu 5 Wodidud (O
Ay 4-5 42109 tieuSuaudunsanisudathlunuitlnasnafsussann 10 uniiaa
ﬁﬂﬂgi%umaumiﬁaﬁwaaﬂmﬂLﬁmﬁdmBI%LLaaﬂaaaéLLaﬂ%ﬁu wazniadodevestietdly
W1s1UFIEAS e Tissue processor Mntuthfehfiudduauiensfiuudfundage
wiaslulasTaslnelimnununvesiegnsusyana 3-6 luasou dususaedsliassring

a = [V ¢ v o oA a ! ca VY
URAU 45 DIALYALYYH IGULLNUﬁIa@IGU@LIW?EJUqﬂmﬁﬂuimﬂlUQWQUULﬂﬁaﬂQU?{L@@WQIQEJ'EJ'N

9 U

v

You 3 Faluanautludend hematoxylin uag eosin wag mounting alad vin15@n®
pigduiuglaendoganssal

3.1.2 n1sAneANunnvadly vinisinldundeaiminuasnsiatusiuaule Lite
AnwanuduiuisyninmuinUarennunnvesly Tngnisiifegiariviinisdeaimn
LaEinANUEIMT BRI SR ILAE RS dleanu v mMsFamedn waaAudnualy
vreedundy 5% i e luAnwarunnveslymuisaes (Venkataramanujum and
Ramanathan, 1994) laguwuliuanun 10% PDIT AU INUANNIA ST T A LAz T
Ul mﬂﬁ?uﬁﬁmulﬁdﬁﬂuvl,é’lﬂqmﬂé’umﬂfﬁ’wmuﬁgwm FaFUNIT

uaulirianue = dmdnlanavue x J1nulindutu

Wniinlengule
3.1.3 ANSANYIANUFUNUSTENI19AUANVBIkIABA NENazENMENUAN
11N vn155UIwulY WIMIANUFURUS ST 19ANNANYR U B BANEILAY

YntnUan AIaunIs
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F = al® 50 = aW,°
g F = ANUANYDILY

W, _ Thwinduan

L = AUYUNT YA

ab = @Ai

3.1.4 N1SANEIAMULANAISTER I NALazERgnA [Wun1sthdlegsUainans
AAuTuTldlulsazidousyhnstaimin Saanuenmien wasfnudnvarany
LANATENINNALLAZINALTY Imaﬁ'&mmmﬂﬁﬂwmzmauaﬂLLazmﬁaaLﬁa@Jmemﬂm g
@mﬂ%’ﬂszil,t,azqaﬁm%a A1125v83 (Nikolsky and Birkett, 1963)

3.1.5 nMsAnwvuialanilausnisuasynusuazgaely lnefnwvuinlaiiiie

o

LINLSURS YIS lagvinn1sfinyseesnisasyiugueslamanigudiednls lnensivaey

o

s A

W
a Y = 1 Ql' a % [ A U 6 = a v s
Jr82N15R3YRUS WednwilarnnuiiniswauiveseTuizduiugiessesnisasynug
(586¥ Spawning) SlvuaLaniign

3.1.6 ArnvliaNuduNUSYaIaTEIeduNUG (Gonadosomatic index; GSI) lagi
Y] 1 A a2 | = o ] 901 YY) g L] (9] =) LY 4
fregrsdariiiusiusuldluusasifauuiinistadmidnduazuminuese o zduiug

WaAwINAIREiANaLYsalne (GSI) INgns

avdlauanysalina (GS) = umdnveseduazine x 100
iwilndauan

3.1.7 ﬂ'ﬂé’mﬂizawéﬂqwauuﬁnﬁ%aaﬂaﬂLwiauwv’i (Coefficient of condition, K)
Tnelidayannanuduiusszninnnuenuasimdnda auiBues Wootton (1990) s
qun1s

K =100 W/L°
Tned K = ﬂ'wé’mﬂizﬁwémmamymﬁmawmLLGiazLWﬂ
W = dhuinussiavan

L = mNUg1neen

¥
% o

3.2 afinnuauysainislanmessssuuiinawasilaglduandudain
Munuuvanil (nni 7) Aelveuusdinauysalva 1. Wedlnil seguudniuiin

anu e duateua duneudune Jamdinguddl wazdanaaglugneuwianaasaiun

iazfyn Ninn ogniiifa azfgn 19° 09' 29" apaRgA 99° 02' 23" NuUNgIIINTEAIVUMELA 412-
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425 wns (Suvarnaraksha, 2011) leglddayaannisiiiudaedns 11 @il Tul 2004
(Suvarnaraksha, 2004) iiewfutoyadsdulunstmunamin wieduiiufiannedisds uas
nsdmaiuiiedy  Iddeyaninnsuussns  (nsensinnunsuarannsal, 2553) uaz
aovamrUszas eidudoyaussiliuuSsuiisuiuanizsrsdsud 2653

faunutilva (nwdl 8) Ao witusinsdadudiirarivesuaiunde uddhung
Usznoudeiufiunagqudieyuinuagtildl 72.1 wWediud undsiiuilinuminssy 25.4
Wesidus wavyuydes 0.3 Wesidus fifn 19° 107 83 19° 45" wille uaz 98° 10 §i 19°
45" mztusen fmuen 135 Alawas futannaesyniudnyuuuaduansinolios
wa Tvasusuneuiuns asguaitdeilernishuaduammy Snousiuns Sonindedu 3
Samnsluaiade 300 aua/Awd wasdssduaugeainimeia 338-1302 wns Tngld
Toyarerulunismuamin annisiduiiegis 31 annil lud 2003 (Suvarnaraksha,
2003) 1ddoyaannsuuszns (Nsevmanuaswazannsol, 2553) wazaouauviUszasiile
JudeyausaliunuSeuiisuivanizineda Tul 2563

mafuiegisuauagnsuenviamudnuiineveanitedudeidin oglu
P1 wae P2 Hu \Judunuvssunanirdsie Jouwiinauysalva (P1) uaz frunuiilvaly
fufusitdusiung Aseunqu 3 fufifeiuniioiuns iesnes uay auusithds (P2) Tenssuun
yiaamuaielunisiiasizinssadaives eftduv (2559), aditiusi (2546), Vidthayanon
(2017), So et al. (2018), Nelson et al. (2016), Froese et al. (2019), Jayaram (1999),
Kottellat et al. (1993), Kottelat (2001b), Kottelat (2001a) wa e Smith (1945) way
enansssdaiiieites Tnedaiifivhmslieszildun nauuazeiinanfiuiu Uaisnsdu van
fifmgAnssunsiuevnsiuAns s aALTiagenf ANUMIIULY WazAIMAINATY @

Aytianuany sain1981a (Fish Index of Biotic Integrity, Fish-I1BI) ¥8938UU

Y

fnewasiilegldvandudzia isvihnstaudieldidunissddonsimunnuainumes

Uaswnasiegendevesdn inlagldnndnuazresanduiimmunaindoyan1aivinisg

Lﬁ"msﬁja\‘i (IUCN, 2020; Rayan and Ngamsnae, 20 14; Suvarnaraksha, 2003, 2004;

=3

Vidthayanon, 2017) §3a111350UNAAN19N15UA s ULUaI9898 IR OUNIIUINLAAIN

'
=

AINTTUVRINYWE TeANANYULYDIUAIAINAINTIALTENTY N3N (Metric) AU Bl

q

Auawisnlanas N1srsIvdouauA NkaINLARzan sl USsuTiBuAURoENs

Jaqiunisdimauld lnesiivuauvsniilawagiivauanaeiuaudayaiduiniuin
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e 2003-2004 TnonnsimuadiudsTann wie wmin gnauTiauaziaulag Karr
(Karr, 1981) wagdnulasanainsiesuddedineados sl

(1) nguArImiaIniin (Species diversity) nauad¥aiiidunisuseidiuaumn
siavesaluiiufivseiuuouiiouiuiuiisnsds Usznaude sruiusiavesddiziniinu
Wanua (Number of species richness) A aLUaiu131n Li, T. et al. (2018) Ava¥iA1u
NAINUAENINT 10N (Shannon-Weiner biodiversity index) Aaladuiain Wu et al.

(2020) uagnguuanvilawiu (Dominant species) Anuwladsnan Vile and Henning (2018)

¥ ¥
1 v

(2) nuanuzaesUan (Fish status) nud@intidunisuszliunisidsunda

9

¥ '
el =

Y89UatanIzd ukagn1sunuN veslatn19d Wlun un usetduus suli o un un uy 91989
Usgnaume wWesiduduanangdiu (Native species) Anulasunain Lyons (2006) iesidus
yinugenedu (Alien species) AnwUad13In Zhu and Chang (2008) wagSauazduiula
anuay (Hybrid species) AnlUasmNan Karr (1981) uay Krause et al. (2012)
(3) WeANIIUNN5AUBIMNS (Tropic composition) NguFIANguilaunsausuiiiu

& N 1% aa ] |
NNUgIUNTURsURUavedlaTease wasguvulatniuemsiussuunielgemisves

% P a v % A oa a £
wiaadl tagaziini sl suundadlaseasisvesyurulaluwvaaiiinuanisi udu
Usenausme Wesifuduarniunafisuazdniiiuenis (omnivores) fauUadsnain Wu et
al. (2020) Woesiuduaiiuuuasdueimis (insectivores) finuwdadanain Wu et al. (2014)
wawesidusivaiidugan (camivores) AnwUawnain Wu et al. (2020)

(4) paAUsENRUVRI DAY (Habitat) naudi¥ Tanquilaiunsauseilunis
Wagunlasiniuvedlasastsuszansuarnuiununasodeiuaeuly Usenaume seau
Mogafeilin (Percentage of Pelagic species) AnLUaswNIn Wu et al. (2020) s¥suiiag
91AunNa9ln (Percentage of Water column) ainuuasunain Zogaris et al. (2018) sgAuf
pgo1fEul (Percentage of Bottom species) finkUasnan Zogaris et al. (2018) sgau
nagerdeiiuiuuluniiu (Percentage of rocky and stone) sgauiiag e deiunoi U

o 1 (% =3
N38aENIIN (Percentage of sandy and gravel) iSWU‘VlEJQE)’]ﬂEJU‘L!ﬂﬂWZJU’MLaﬂLLaSIﬂau
(Percentage of silty to muddy)

(5) Uanfdmnuesulmnenisiwasuwdad (Tolerant) dawdasuiann Li, T. et al.
(2018) way Krause et al. (2012) Usynaunleivasidudvaii dainueouluinenis
WA suuUas (Percent of intolerant species) Lo 519U Uanil aanus on191U8 sunlas

(Percentage of Tolerant species)
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2

(6) IAYUTENBUMNANNYNYULALEUNNIE (Fish health) AnLUaIN1IN WU et

v v ¥
v A d (Y %

al. (2014) ﬂfjumﬁui’maﬂ%’lﬁaﬂizLﬁumwmmm,iwuawizsmﬂiﬂaﬂuwmﬂfw WAz in
UanituaniennisinUninisiiuduresaniilennisinundived sawansemuainamd ex
sy fe Uanfifldnwaizinund (Number of disease health)

(7) AUFUNUSVDINITNTEINYHINUTEAUAIINGINUNIINTEANEAIVDIUAN
(Altitude distribution) 19 duwmsniamsvesiiudivnlnawindy Lﬁmmmiﬂﬁz’fsﬁ’ayjamm
Suvarnaraksha (2011) uaz Suvarnaraksha et al. (2012) fiesunefemudaiusunaniiny
seAuANgadianuduiusuazausasennauUaauussiale Usenaudig Yagiun
(Percentage of Mountainous species), Uanfutun (Percentage of Piedmont species), Uan
5988 ® (Percentage of Transitory species) LLaz‘UmﬁyumU (Percentage of Lowland
species)

N13TIMUNINLAENISHUARAR Y ANANY TN I N Ten&a9niiisivun
LvBLarzansaTINAzLuLLasLUsKa LT Tnemsanwadsiitaarsnirfeuasinlue
vmsivuawmsn 18 wmsn Tnedavuuudaus 18-90 axuvuy nansUszdiudauninwes
wdshazmmuanasinisUssdliuanyddadu 5 naeisndamunisuas UM
(Fausch et al., 1990; Karr, 1981, 1986; Li, F. et al., 2018; Li, T. et al., 2018; Shi et al,
2020) Fall szdUBERBEY (Excellent) 73-90 AzUwL SHUR (Good) 55-72 Axuuu suUY
a9 (Fair) 37-54 Azwu seRuldonlnsy (Poor) 19-36 AZWU wazszay vdulnsuyn
(Very poor) 18 pzkuy NaszaugandouLanids mmqmmugszﬁmaqLmdaﬁwﬁ?uﬁé’ﬂwmx
IndiApsiaunasiiogordevesdaithuazssuuinalaesudamulndiAssun uigsd e
e nasTRURLEnIEinsanasesmuInTdnvesrinlaluiiuiitasiinsuasuuas
vessulaniiimugeulmanamsemeluanssuuinaiainannansenufiisdu wa
33¢TUU'1uﬂa'1<1LLam5&m'mauQamaqizuuﬁnﬂﬁuquﬁ&J Srunulaniifeuse ulmanas
10 Tassadeuszensuanfinsdsunlas wazsrunuaiiavanSuanas nassauideningy
LEnsdnsanasesruanedavesanluiiud iansiasunladasiadiwessyens
vannnlnsawigdndulaidamnunmusonsudsuslasesgunmiias fiogende
nsfinTureandiiuemsneiouazdng fnsiuduvecasinedu uavnasyiuideslnsy
170 LLamﬁqmingLﬁ'ammwmﬂ%ﬁmawaﬂuﬁuﬁ wuUassdunnnuasUaniidana

nuMURLINeeLTUNY (Karr, 1981)
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3.3 wialulagn1snsianisesseenishduavasUanludwindou (eDNA)
o dy A < Y 1 1 < dgl’ A a LY 1 & v A
mvuanuilunsiiuiegsuesndu 2 uiusgtumdenisliduaniudivil
Fiavna Wneld Weuudinauysalva Swiadedul Wudunuluunaaiisde (ama 9)
Ingiiudeg i 9 anndl lnerimueiiuiidudnhavilvaasgdou 3 annd dulu
Faudn 3 annil wazvneweudn 3 anll dwsunuhlualiinuiegisiquuiudusy (nm

71 10) InsuUmussAuaAINgaIntimela (Suvamaraksha, 2011) Inguuaiuil Miudiegis

<,

i Dustaun 12 aanil Iuﬂ’J’]MQQ‘ﬁLLG}ﬂ@'NﬁIu ﬁqﬁiuizﬁummqqmm’h 1,001 LUATAN
sedumgia Wufog1eainn 3 and dad gavhennemdos aaren wazguiiu T
ssﬁummqqﬁ 801-1,000 LIATNNTER UM WiUReEatnen 3 aandl fad annillsesey
Unuduiae anniidudu anndiduiazgy ‘Luaxéﬁ’um’mqaﬁ' 601-800 WAs91NSERULMELA
Ausognainan 3 anndl fell aonfiusien aenfusifn aofuingg werlussduanugedes
171 600 WAs LAUFet1911an 3 @aanll fell @anding. ¢ aandeeunans aondauniusds
nsiiudaedad osduluiiudl Aethnszaiunsosuuin 0.7 um. NSOIUIFINIL 2 ARS/uAY
FELATDINTBITTUUGRYINA MdRINIY Lﬁumzmwmaﬂuqa%uw%uﬁaqmmm%u wefl
Tundesanuauaamgd Wedudunisluresujdiniseely Tnewdefsiesujdinns
fegafiu -20 © C (Creer et al., 2016; Goldberg et al., 2016) MSAUSA¥FIBE19 WL
Judeddiondnideinisgesaats saudenisdudatuuas (Bames and Turner, 2016)
(Strickler et al., 2015; Tsuji et al., 2017) s1gazidenaglu P3 uay P4
3,3.1 YunaunsafAnLEUUa1aInA28E1

nsatafduedataindiegsuilagldynatn Nucleo Spi Blood and Tissue
Qaigent lusunausisil

1. dnseEAenIsuuIa 0.7 um. Ainsesihiuay 2 ns/uNy nanuitAusegng
&1aeudrdnedne 10% Cholox sedetinndu 2 sou wifigamgiresu 3 dalus

2. 1nsyanunsestandndmduuiuuin 0.5X0.5 wufluns $1uau 40 3u/usu
aMviaan 1.5 ml

3. W@y Proteinase K U3ues 20 lulasdns wavansazaneUnies ATL USuns 180
lulasans naslidniudersesmanansazans (Vortex) Wunan 10 - 20 3wt andusiild
UUAIUAY Qmmﬁﬁqmmﬁ 56 DALYALTYE WIUANNAY TUB1IATUANDMUNYL

9 Y

4. lunyumiesfinausseu 12,000xg 1uan 2 wil figamnll 4 ssrwaded

Y

wuahulawilenynou (Supernatant) Tavasnlnl
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5. Wuansazaretnwlas AL Usuias 200 lulpsans mﬂﬁ?uﬁﬂﬂﬁmmmu QUM
gaumall 56 esrwadea WJuan 10 wiil

6. LA Ethanol 96% U3unns 200 lulasans wazyinniswaulnendurasnluuiiun 9
dielviansazaneidniu (invert) 3-4 as

7. ihlUnyund ssiia1ai§250u 10,000 xg tHutian 1 undl figamgd 4 eemn
\waLged i Supernatant AU pellet

8. Wutlvles AW1 U3anns 500 lalasans shlunyusiesfinieniasey 10,000 xg

& o 4 a = 4 <
Wukaa 1 Uy Naunndl 4 9 Lgawed 9 Supernatant iU pellet

9 Y

v

9. wuUwies AW2 Usuiss 500 lulasans ﬁﬂﬂmgul,ﬁmﬁmm%ﬁau 10,000
xg Wunan 1 wil figaumail 4 esmwaldea #i1 Supernatant 1fiu pellet

10. Dry pellet

11. Elute DNA

12. \iuansazanefduedigamall -20 ssmwaldea isltensioly

3.3.2 N15ATIVFDUANNMNKALUIUIUNTANARLIWLD

N139339dUAMAIMKaTUSHIUNITANARLE LEA183TN1TTRAINTYANE LA
(Optical density) #281A3 89 Nanodrop Spectrophotometry 1 eaiaft8uioudastinas
maf\]aaué’fmLﬁ%ﬁmmmi@ﬁﬂﬁul,t,m (Optical density) ina1u 812AAW 260 WIlUUAT waY
280 ulwuns @r1unsTausuaidueiiadald (Nucleic Acid concentration) luniqe
ne/ul funougad

1. tharsazanefduediatald vhnswanlidfulaenisiadunasn luaan 30
Auft uds Jumnezneu 10 und

2.4af Optical density (OD) fimuenandy 260 uiluing wag 280 uiluwns fe
\A38¢7A Nanodrop Taeih (dH,0) u Blank 3slddegslumsiausuns 2 ul (3o 1 w0

3.3.3 MInsIdaUNSNUSINMEY

1. AundFesansazanefidedddlunia §izen

2, Lm%mmiazma%’ﬂmqmmﬁé”aﬂﬂmmﬁwLL%@

3. Wnansazanemufidwinildadly PCR tube

4. wenlidn iy wazvuiilssielaies spin down

5 Ui ueaaglnsiued forward: 5’ ACTGGGATTAGATACCCC3 waylng

W83 Reverse; 5’ TAGAACAGGCTCCTCTAG?’ Taflautnvesndnial PCR v 160-185 bp
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Miya et al. (2015) 31nduiusuIuABuemeLaIng Thermo cycle Tdangimungauly

MsuisSinuAdue 1neld35 PCR 9a Quick Taq HS DyeMix (Toyobo, Japan) Tdanssisil

Quick Tag Dye Mix 50 ul
5 uM Primer Forward 1.0l
5 uM Primer Reverse 1.0 ul
dH,O 20 ul
DNA Template 1.0l

JFumssiu 10.0 pl

3.3.4 N1IATIVHDUNANTSYN PCR
1. MeiBidalaslnida ihAduedldannsihufizeiidersusuins 10 ul auen
unmgIseznlsavadianlasinida neldiueznilsaninududu 1.5 % Tudwives 1xTBE
(45 mM Tris, 45 mM Boric acid, 1 mM EDTA) vidiaalasiusdalaeldainumedng v
100 Thad 1uranuszana 30 w1 nefAdweu1nsgiu 100 bp (DNA Marker) #1%5U
WIguLiguunn
2. matfondmduieluuiuiu Tnsmsihusiuiuiiunsvasuazaty uduAndEns
deonluslundsimnundudu 10 me/ml lud3uns 5ul/100 ml Aewaaudssn Tnoudns sl
PCR gnéondlunzyidianlnslnida
3. Suiinnmnisnsiainnan s uleainiaadisinies Gel document (gene
genius, Germany)
3.3.5 d43LA312N153ATIZH
N3EIATIZNITIATIEN 12G V83 Novogene LTunsldimaiianisdadinenluana
Tny Environmental DNA wdatisnadafidule wazifivuunududie 125 rRNA fewmaila
PCRIagldlnsinasdnnigAe 515F (5-GTGCCAGCMGCCGCGGTAA-3") Uag 806R (5-
GGACTACHVHHHTWTCTAAT-3) fleutovzgnifia3unasieds PCR #eia3es Phusion®
High-Fidelity PCR Master Mix (New England Biolabs) mﬂﬁ?uﬁwmqméﬁwuwﬁw Qiagen
Gel Extraction Kit (Qiagen, Germany) @unsisseumouenuwuuleisnisues NEBNext ®
Ultra DNA Library Pre Kit (Illumina) wagi1n1sinnanududuaiswugnssudieins og

Qubit@ 2.0 Fluorometer (Thermo Scientific) %849 MNTUUTLHUAMAINAULUUAILLAT B
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Agilent2100 BioAnalyzer (www.myd54.com) kagiUF g ulNn gunug1ud e a GenBank

eavidunaglu P3 way P4

3.4 MSANEINIUAIU Mitochondrial
n1sfnwausuluanaiiiaifuanveuluanuldeuadanuieandesiusazidu
& Ay - v a v %
fugunfesdnwiloUssgnaldlunuiueunsudsiuaznisidusslevdluiunisuansesn
oA o a v i Ve N o
Yosguiensian1sdsindeudely tngldfnwiigiiu Whole genome ¥01Uan wagnis

wenyiinualagly DNA Barcode T1waziunaglu P5

3.5 nsAneY23INeUan Neolissochilus stracheyi
= v A a 44' ¢ | . X
nsAnwdayatiineruausemsluseswesanuanysalvesly ludan Neolissochilus
stracheyi \ionaulangdmsu wninngy Reproductive 1aannlun1smmuaunIng msy
Uarluunaahtwazinlvaldwinteyadineinsduiug uazanmsfnuideyaveauan
uwiazyladedldinanseu 1 U iieanuauysal seasidunegly Proceeding Fsluusiazyilndl
ANULANANALIY gan1a19lY dnvazvesld swufsauanysalvesivluseu 1 U o1qad

WA 1 A3 I llanunsaszyaminanaiadiamuuauninls wszdnndeya

3.6 sl

1. ansznelulaBnsUssuauasnine nsmai awninedouls

2. 193U URN15U298010UNTINADUANNINLALUINTFIUREAT I (IQS) un1Inede
bty

3. viesUfjURn1snans avwmeluladdinin angineimans 81asuald 60U

4. vieauuRns 2407 awwmalulag®inim 01a13 60 U AagInenans

5. U¥13INe1ae National Taiwan Ocean University Usginelaniu


http://www.my454.com/
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a o 1 aNa o I3 U 1 d' K% 3 = 1
A15199 4 undsvasaainvinnisinuAlegtslantu LﬁuauLmeamyim%a Q..3e9lud

(@AWY, 2546)
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anndl o A PRHGH Nuvroatih
1 unihiing (Paeplatip) 19° 11'55.7'N 99° 07' 07.6'E 417 M, S
2 ﬁuauu’qu (Huay maesoon) 19° 14" 46.8"N 99° 10' 15.5"E 425 S, G
3 PYLUYDN (Huay maecord) 19°09' 54.7"N 99° 04' 54.1"E 415 S, G
4 WIBUUUNG (Huay maepaeng) 19° 14' 33.9"N 99° 08' 58.8"E 416 M
5 Mewfig (Huay mae-gwua) 19° 11' 12.7'N 99° 07' 03.6'E 423 M
6 MeAUADY (Huay ton-tong) 19° 12' 46.6'N 99° 07' 28.6'E 418 S
7 WAL (Huay tonyang) 19°12' 01.3'N 99° 06' 23.7"E 421 R
8 MeLaiaen (Huay maejok) 19° 10' 04.9'N 99° 05' 45.5"E 420 M, S
9 #aer1AU (Huay pha-gup) 19° 10" 52.1"N 99° 04' 47.8"E 419 R,G,S
10 | wstun (Huay punwa) 19° 09' 25.6"N 99° 04' 22.3"E 415 M, S
11 | vhevuy (Huay chomphu) 19° 11' 16.9'N 99° 02' 05.7"E 415 S, G
e S (Sand) =518, G(Gravel) =n330, R(Rock)=fau#iy, M(Mud) = laau
st 5 mulswesandifivhnaiusednsanly dudusiung 2.19edlml
(@ATUN UaAuy 2547)
@il %o g AUES Huvoai
1| iheudupg (Migusilng) 19°32'56.41"N 98°39'24.72"F 849 S,G, R
2 | Muwluey 19°32'55.54"N 98°39'11.94"E 791 G, S, M
3 | aumsullaz+usLes 19°32'40.2"N 98°38'49.0"E 751 G, R
a | evghle 19°31'21.78"N 98°41'4.04"E 732 S
5 | authengleiudung 19°30'19.0"N 98°39'33.0"E 733 S,G, M
6 | Wy 19°31'4.97"N 98°41'16.71"E 794 S, R
7 | Wenag 19°31'44.27"N 98°42'11.57"E 751 G, SR
8 | vhovuesne (Fedwan) 19°29'07.5"N 98°43'19.1"E 781 G, S, M
9 | Menusng + ERUAY 19°28'35.0"N 98°40'53.1"E 700 R, S
10 | hedunes (Fu) 19°30'39.01"N 98°42'35.31"E 793 R
11 | Meduns 19°28'55.4"N 98°40'37.4"E 737 R, S
12 | fuhulnes 19°29'35.1"N 98°48'39.6"E 1342 R
13 | yheuwivaie 19°24'35.27"N 98°48'4.80"E 759 S,G
14 | et 19°20'53.7"N 98°47'05.2'E 831 RS, G




a o 1 aNa o I3 U 1 1 H 1 = 1
A15199 6 MlnusvasaninviinsinuAIng1eUantu QUUILLULLAN 2.3e9lud

(®AUUY wavAny 2547)
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annil 3o Wn ANE fluvonin
14 | et 19°20'53.7"N 98°47'05.2"E 831 |RS,G
15 | wenn 19°25'36.83"N 98°44'26.26"E 812 R, S
16 | auiennsiiuung 19°25'34.54"N 98°44'7.67'E 718 S
17 | dennvais 19°27'11.1"N 98°42'46.8"E 790 R, S
18 | Fhevanansriugdung 19°25'40.7"N 98°43'32.3"E 735 G,S
19 | dudnes 19°24'36.10"N 98°45'50.00"E 665 G,S
20 | thees (dehe) 19°23'19.20"N 98°44'7.00"E 669 S
21 | ¥eusinily 19°20'29.81"N 98°43'21.69"E 699 G,S
22 | auewiviiutiudung 19°21'04.3"N 98°42'22.3"E 654 G,S
23 | veuiiiu 19°21'25.1"N 98°45'31.5"E 763 R,G,S
24 | yeuidiu 19°21'25.1"N 98°45'31.5"E 763 R,G,S
25 | AuliUe-ea 19°06'10.4"N 98°56'51.8"E 338 G, S, M
26 | thuslums 19°09'26.2"N 98°55'10.3"E 384 G, S, M
27 | et fu 19°14'04.1"N 98°47'01.2"E 596 G, S, M
28 | fingne Yane 19°13'58.9'N 98°48'14.1"E 549 G, S, M
29 ﬁwquﬁgu 19°13'49.5'N 98°48'57.6"E 623 G, S, M
30 | wilthusluns (nang) 19°13'32.3"N 98°49'34.2"F 551 G, S, M
31 | wilthusluns (Wane) 19°13'16.2"'N 98°50'21.0"E 501 G, S, M

Wuewe S (Sand) =178, G(Gravel) =n539, R(Rock)=rau#iy, M(Mud) = laay



a o 1 A o 1 91; 1 d‘ (% L3 a 1
A15197 7 Aunrdsvesandndrsrauatlunduniiies LaSLUDULIINENY I 2.1389ln

(NFENTIVNEATLATANNTA, 2553)
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anil 3o ifin ATIEY | Wuioah
qmﬁuﬁaaﬂwﬁ 1 thuslums Fruanaing 19°13'33.5"N 98°50'01.1"E 484 G, S, M
1| vinuwileusspssunethvistnens
2 qmﬁuﬁaaéwﬁ' 2 1uiuAe Fuanage | 19°10'96.9'N 98°54'49.1'E 361 G, S, M
U%L’Jmﬁ%’]ﬂﬂqﬂguﬁ%ﬁﬂmﬁ
3 | qaufiudaegned 3 tusiung fuaiiadng | 19°1244.4'N 98°52'13.1° 458 G S M
U%LQ&JU%Q%UWEJJWLLEJGWWJWU
a | ganfiusegneit 4 uithds suadunia 19°13'49.1'N 98°58'20.6'E 382 G S M
5 FILNDUULA U%miuﬁgmﬁuunq‘imﬁﬁ@ﬂﬁim 19°10'46.3"N 99°01'57.8"E 460 G, S, M
6 | aniiuiiegaed 5 sanfuundounsita | 1909'39.5'N 99°04'13.0' 394 G, 5, M
auysalya
newme S (Sand) =n318, G(Gravel) =n330, R(Rock)=fou#iu, M(Mud) = laau
st 8 Mulsvesandlivhnmafiuiedtaiilu guiusiudy a.3edml
anil o hi GRRHGN ftoni
1 ¥aeviiu (Huay Kamin) 18°48'47.87"N 98°31'43.01'E 1,244 S,G, M
2 ¥aem (Huay pha) 18°51'52.30"N 98°13'19.33'E 1,088 S, G, M
3 VenTewies (Huay sai lueng) 18°31'27.66"N 98°27'17.32'E 1,057 G,R
4 WeAsn (Huay krog) 19°6'0'N 98°18'20'E 988 S,G, M
5 Uiy (Baan daen) 19°03'47.62'N 98°17'48.10'E 970 S, G, M
6 Wheuilazgu (Huay mae la oob) 19° 143.13'N 98°15'58.06'E 990 S, G, M
7 paeauiviey (Klong mae hoy) 18°45'50.97"N 98°19'33.40'E 725 S, G, M
8 Uruusien (Baan mae sa) 18°48'49'N 98°19'53'E 632 S, G, M
9 wiu193 (Mae na jorn) 18°41'05.13'N 98022'33.87'E 540 S, G, M
10 angUUiIIIRgaUNa (Obluang) 18°13'27.6"N 98°28'55.1"E 343 S, G, R
11| na. 4(KM4) 18°12'26.6'N 98°35'25.1"E 285 S, M
12 | auwills (Maeping junction) 18°11'20.1'N 98°37'59.2"E 260 S, M

wwR S (Sand) =v1918, G(Gravel) =n339, R(Rock)=Aaudiy, M(Mud) = laau
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Introduction

Neolissochilus stracheyi (Day, 1871) is a riverine large
cyprinid species and widely distribution from India
through Southeast Asia e.g. Myanmar, Laos, Vietnam,
Cambodia, Malaysia and Thailand [1,2]

The reproductive cycle and the factors affecting it
are important issues in fish and fisheries biology [2,3].
Studies of teleost reproductions are often reported in
commercial or valuable native species [4-7]. Although
some studies on the reproductive biology of
Neolissochilus have been reported from India, Nepal
and Malaysia [8,9] information regarding the
reproductive biology of N. stracheyi is poorly reported.
As this fish is highly market demand in the aquarium
trade in Thailand and eatable in Malaysia. Also, the
information on the reproductive biology would be
important for conserving its stock. The purpose of this
paper was to consider aspects of biology, including the
length-weight relationship, gonadosomatic  index,
fecundity, spawning season of N. stracheyi in Northern,
Thailand.

Materials and methods

Collection of specimens

The study site was a rocky stream of Wa River
Maejarim District, Nan Province. Fish were collected
monthly from October 2010 to Scptember 2011 by
using gillnet. A total of 821 individuals were sampled
and immediately preserved in 10% formalin.

Laboratory procedures and data collection

All fish were measured to the nearest | mm. in the total
length (TL) and weighted to the ncarest 0.1 g. Data
were used to establish the length-weight relationship
W = al®, Where a and b are specific constant values.
Gonads of the fish were examined under a dissccting
microscope for its external features color in order to
determine a maturity stage [10].

JSFS

Fecundity estimates and relative fecundity
Fecundity was estimated on the basis of total weight of
ovaries. The fecundity was obtained by using the
following equation [11]:

_ No. of samples eggs x Gonad weight

Sample weight

Temporal reproductive cycle

Paired gonads were weighed individually in our study
to the nearest 0.01 g. Gonadosomatic Index (GSI) was
determined monthly by the equation: GSI = (GW/SW)
x 100 [12,13]. The condition factor (K) was calculated
monthly with the formula K = (W/L3) x 100 [14]. Six
mature gonad (i.e. 3 testes and 3 ovaries) per month
were used for histological studies. Maturity
classification of our study specimens is followed of
seven- macroscopic stages adapted from [14-16).

Results and discussion

Length-weight relationship

Ranging from 7.4-61 (23.32 + 5.91) cm, 821 samples.
There were 353 males that had fish samples there were
8.5-45.1 cm of TL (22.36 + 5.91cm) and 468 females
that had 7.4 £ 61 cm of TL (24.04 £ 7.09 cm). The
relationships equation between total length and weight
was W = 0.008TL*%* (2 = 0.940) for total fish, W =
0.007TL¥"97 (2 = 0.946) for females and W =
0.010TL>%3 (¢ = 0.930) for males.

Fecundity estimates and relative fecundity

The absolute fecundity ranged from 220 to 3,500 eggs
per female, with an average of 1404.55 + 651.51 eggs.
The relationships between fecundity and total length
revealed F = 121.1TL-2100 (r = 0.874, N = 119) and
relationships between fecundity and weight revealed F
= 4.535 + 128.78 (r = 0.839, N = 119).This result
means that fecundity increase with body length at a
constant rate.

http://www.jsfs.jp/
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Temporal reproductive cycle

The mean GSI of shows three peaks throughout a year
(Fig. 1). The first peak was in month of January (GSI =
2.465) followed by June (MGSI = 2.776) which the
highest peak. Then the last peak was in August (GSI =
1.239) (Fig. 1). The histology of the gonads (Fig. 2)
confirmed that N. stracheyi has two spawned. The mean
gonad weight and GSI of females and males of N.
stracheyi in the area increased gradually from maturing
virgin stage to the peak value at the gravid stages and
decreased to the lowest value at the spent stage).

[}

Morh

Fig. 1. Average monthly gonadosomatic index (GSI) of N. stracheyi
in Wa River, Thailand from October 2010 to September 2011.

Fig. 2. (A) Histological appearance of ovary maturation, N. stracheyi.
(a) Immature ovary; (b) mature or rebuilding ovary; (¢) mature ovary;
(d) fully mature or ripe ovary; (¢) mature ovary; (f) spent ovary: LV,
lipid vesicle; N, nucleus; YV, yolk vesicle. (B) Histological
appearance of testis maturation, N. stracheyi. (a) Immature testis; (b)
mature or rebuilding testis; (c) mature testis; (d) fully mature or ripe
testis; (e) mature testis; (f) spent or resting testis: SP, spermatozoa;
SG, spermatogonia; PN, pycnotic nets of degenerating cells.

Conclusions

The spawning season occurred in January to August,
while spawning of N. soroides high rainfall distribution
during November and April [9] and Swar and Craig
[17] studied on the reproductive biology of N.
hexagonolepis were found to have a prolonged breeding
season from April to October. The historogy of the
gonad confirmed that N. stracheyi has multiple
spawners. Protracted multiple spawners, usually take
their spawning cues from extrinsic factors such as
rainfall, water level, temperature and photoperiod. In
tropical regions, such as in Thailand, temperatures, day
length photoperiod and annual rainfall distribution may
have small scasonal variation and probably had little
cffect on the fish breeding activities [18,19).
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ANULEDNINITUVRIWMAUN (Cai et al., 2020; Lyons, 2006)

v A a

4.2.1.5) Iururtiniugaiadiu (Alien species) AMABHANNNAINIAIENIATININDE

v v
v

anastunuaninwandonidoslnsuniu lnsnisAnwiadsiiussgndau Zhu and Chang
(2008)

4.2.1.6) Tevazdruiulaignuay (Hybrid species) Youagdruiulaignuauasy
it unuanimwandeuidenlnauniu Kar (1981) Fsagldifuuminiamsluundaiis
winiu LesandegeilsAnwidiel 2545 fa 2546 dnanunguiidne udludidilnald

NUNGUAINGET?

[
v A £ (3

4.2.1.7) Wesiiuduaifuisiivuazdniifue1mis (Omnivores) LLamﬁqﬂeijmﬁ
ﬁwqﬁﬂiiumsﬁummﬂﬁﬁaﬁ%LLazﬁ’mi (Argillier et al., 2013) wavau1sausudalanniu
anmundeniiudsuutasly dsilmnuansafuevnslivainuane lnsAr3esazveingy
thagtiitumuanndeniidenlnsy Tnsnsfnwadediussgndnu Wu et al. (2020)

4.2.1.8) $evazdaniinuuuandue1ms (Insectivores) Yovavyossruiulaniiil
woAnssumsAve s Bungudn ivthiu sudanguifudnilisinssgnaundadueims 1y
naufifuuuandueimsis 75 wWedidud (Argillier et al, 2013) S1uaufosazosnguiay
anasumsdsulnsureuvani lnsnsAnuadsiuszendau Wu et al. (2014)

4.2.1.9) %aaazﬂmﬁlﬂwga'w (Carnivores) LLamﬁqﬂdwmﬁﬁwqﬁmmmsﬁuﬁ’m’i
Suifuemms (Argillier et al,, 2013) annsaldusnaruuansnsvesundinfifigunmeon
Feoufuganmuiunans lneAnfesazvosnguinazanasniuanmundouiideulnsy lne
ﬂﬂ‘iﬁﬂ@’]ﬂ%ﬂﬁﬂi%&gﬂﬁ@’m Wu et al. (2020)

4.2.1.10) ﬁzﬁuﬁagmﬁaﬁ’;‘f’l (Pelagic species) lm3nnauilidunguuaniiondely
uazAuluseA R anmimmiﬁummi‘ﬁ'ﬁmsLﬂ?{auﬁaﬁﬁumiwdwﬁaﬁmazﬂmqﬁﬁ
$ruudesazvesnguiavanawunnuidoninuwesunasissgndniu Wu et al. (2020)

4.2.1.11) izé’uﬁaaﬁwﬁ’aﬂawﬂé’] (Water column) idufuusiwauniuduain
Llwn3n Number of sunfish species (Karr, 1981) Lﬁ'aqmmﬁunq'uﬂmﬁ'mﬁ'aiuﬁéwﬁ'q 3
noRnssuMsAuesTiinIsedeufiuasssrineiiniuasiuvieni Tnedianuaunsaly
nsmemnsldvainvanglunnsedu Wungu Cyprinidae v1anay (audnd waz Usdln,
2562) Srudesazveanguigifintuviesintegfudiniinnddsunamieanany

aunaluszuuiing lnensfinwassliussgndniy Zogaris et al. (2018)
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4.2.1.12) age1dgiiuL1 (Bottom species) HIMUITINNAMUNTULIIINLUNTA
Number of Darter specie (Karr, 1981)uaziinslaognaunsvaisluaninil (Zogaris et al.,
2018) Fadunguuanfiiinginssunismiuemswazendeeg usiiniiuasindiulng faay

saulimsonsiasullasesiuyionin Inen1sAnwiasetlussyndnia Zogaris et al. (2018)

]

' [ (%
= 1 v A o

4.2.1.13) syauiegerdenuiiuuluniiu (Percentage of rocky and stone) Faozld

Y

1% ' [
o a (-

HuwvEnenglumdnidarhiulaenisfinunasiissgndau Suvamaraksha (2003)

4.2.1.14) ssﬁ’uﬁagjmﬁ’aﬁuﬁmﬁwwmLLasﬂsm (Percentage of sandy and
gravel) @9zl wund nawigluunaswhd aindulaenis@nwindad Ussg nifana
Suvarnaraksha (2003) izﬁ’uﬁaqbﬁauummwmLﬁml,aziﬂau (Percentage of silty to
muddy) 7 szl T wumsnamgluuna s windulaenisd@nuiadsdussgndana
Suvarnaraksha (2003)

4.2.1.15) Wesiuduarifimnuseulmsienisiuasunuas (Percent of intolerant
species) wansdsnguuanfidauseuliionisudsunlaseunaunii warasdunguusn
ﬁmahlmﬂLma'mfwmﬂléji"uwaﬂizwuaauLﬁﬂmimﬁlauwawaqLma'qﬁw anUasniy (Li, T
et al., 2018)

4.2.1.16) 1Uesi1d us Uanvi ennun on150U8 suwUas (Percentage of tolerant
species) ﬂa:uf:LLamm%aaassuaqﬂa;uﬂmﬁ:ﬁmmwumwiam':?LUﬁsJuLLanaﬂLméaﬂfﬂﬁqa
T,mEJ:ﬂ’m]zﬁmuﬁﬁﬂ%mmﬁmwﬁumLmuﬁﬂq'mJaﬁﬁﬁmma'auimeiamimﬁlammaa
anwlasnau (Li, T. et al., 2018)

4.2.1.17) Yanfiiidnuaziiauni (Number of disease health) §aaa$%aﬁﬂaﬂﬂfjuﬁ

[

TanwuERUNANE U508 LNALA WY AAUIN ASUUIN TWHAAINSI9NNY FakUsTININT Y

gy

wandliiudsanieznisguanyarveawnanil Yarnfianvauzunfagldnuluiuiiume s
91989

4.2.1.18) ﬁﬁaaa%aﬂﬂduﬂmqwﬂ (Percentage of Mountainous species) 1Ju

'
a o =

nquidnAnegluiungmilanudumiusivguginuavinssuaivausidanguilazerdeludn

9 Y

s1svnanluniuiige 1wy Ya1A1aana (Oreoglanis siamensis) 1udu lnemmniniagiily

Usziuanizlunvastilvamingy Suvarnaraksha et al. (2012)

4

4.2.1.19) Afevazrvainguuadeu (Percentage of Piedmont species) {ungy

Uafondelununiniaugeaissniingunaudangivn wu Yanda (Lepidocephalichthys

1 (%
= )

hasseltii) Wneunsndazinluuseiliuanizludrasilvamingy Suvarnaraksha et al. (2012)

€
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4.2.1.20) An¥osazveinquiaisessie (Percentage of Transitory species) Lungu
anﬁmﬁ’aa&“J'Iua"mmaﬁuaqajmﬁﬂ AfAuNd1re9iIs1sLarANLANYRIANETIINATY NG
Uangun nauuandan wu Yauduth (Systomus rubripinnis) Ssagldidusminianigly
uvasilvawity Suvararaksha et al. (2012)

4.2.1.21) ﬁﬁa&la%aﬂﬂﬁjmﬂmﬁmw (Percentage of Lowland species) LJungu
Uanfiondvogludiuaisesgui flinnundsesdisswageufnvesdistsiannniiss
3 nay (nquuangiun, naudandaiasnquuanseess) Wi Yamuetramdeu (Pristolepis

fasciatus) Beazliummsnamgluuranilvawingu Suvamaraksha et al. (2012)
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condition

Attributes Metrics Metric | Metric | Response Reference
ihis | dilwa | to river
health

Species Number of species richness M1 M1 Decrease Li, T. et al. (2018)

diversity Shannon-Weiner  biodiversity M2 M2 Decrease Wu et al. (2020)
index M3 M3 Decrease Vile andHenning
Dominant Simpson’s index (2018)

Fish status Percentage of native species Ma Ma Decrease Lyons (2006)
Number/Percentage of alien M5 M5 Increase Zhu andChang (2008)
species
Percentage of hybrid species M6 - Increase Karr (1981)

Trophic Percentage of omnivores M7 M6 Increase Wu et al. (2020)

composition | Percentage of insectivores M8 M7 Decrease Wu et al. (2014)
Percentage of carnivores M9 M8 Decrease Wu et al. (2020)

Altitude %of lowland specie - M9 Increase Suvarnaraksha et al.

distribution | % of transitory species - M10 Increase (2012)

% of piedmont species - M11 Decrease | Suvarnaraksha et al.
% of mountainous species - M12 Decrease (2012)
Suvarnaraksha et al.
(2012)
Suvarnaraksha et al.
(2012)

Habitat % of pelagic M10 M13 Decrease Wu et al. (2020)

composition | % of water column M11 M14 Increase Zogaris et al. (2018)
% of bottom M12 M15 Decrease Zogaris et al. (2018)
% of rocky and stone M13 - Decrease | Suvarnaraksha (2003)
% of sandy and gravel M14 - Decrease | Suvarnaraksha (2003)
%of silty to muddy M15 - Decrease | Suvarnaraksha (2003)

Tolerant % of intolerant species M16 M16 Decrease Li, T. et al. (2018)
% of tolerant species M17 M17 Increase Li, T. et al. (2018)

Abundance | Number of disease health M18 M18 Increase Wu et al. (2014)

and
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4.2.2 INGUVBIUANUENBULNTITNEN
4.2.2.1) asfusEnouvasUatndnluunastii
TuilufinisAnuvifeunsiinauysaiva wulansianun 67 ¥iin 22 Asauata (sl
11) dduunmunudnvazadiineuazunumluszuuding aumsiedl 11 wuin ngy
Uafifinnmeanusidenisiudsuutas (intolerant) 44 wila LLasﬂfqumﬁﬁmmawma
nsiABuLUAY (tolerant) I 23 wila WWonusmunnsiuenng (nmi 21) wuin aguiiunn

fanfs naularifuuuasuazdainurieninduemis (insectivores) flunfs 35 wila 1y
Lepidocephalichthys hasselti d@iunguuainfulavisiiy (omnivores) wagdninavUaifu
v ¢ & . a1 woA 1 a 1 T a = 1 |l LY

dnilue1ms (carnivores) dwhiufeeg1var 16 ¥in Tunguuiilavziinisudanguinluseau
N5IeMemsiazenfigaguanseiui 6 Wi (A 22) fie nguuaiiiii (pelagic) 8

yia Uguuanrineluunseninediaun wasiiuviendn (water column) 26 ¥iin naufiendeey

Y

a

flulsiszydnuegiiuries (bottom) 10 ¥iia nguierdemiuuinaluniuwasfouii
YUIALEN (rocky and stone) 4 ¥iln nguoIRBUATINALUSNUATINIIBLAZNTIA (sandy and
gravel) 7 wila 19U Homalopteroides smithi uaznguilendoeglunsieviefiuazidonuas
TAau (silty to muddy) 12 %iia LLaz"LuLmdqfwﬁaé’ﬂﬁmuﬂmjmﬂmqﬂwamﬂﬂﬁmﬁqwuLﬁsm
2 %iln Ao Clarias hybrid wag Oreochromis hybrid d@unguuanviesduiiiiunanegd 56
FUA LLazﬂdeaﬂﬁﬂﬂauwumﬂﬁﬂ 8 4tia A Oreochromis niloticus, Oreochromis hybrid,
Clarias hybrid, Cyprinus carpio, Labeo rohita, Pterygoplichthys disjunctivus wagdn 2
yidad luladd s ugiulue i v unn eud e Pangasianodon hypophthalmus waz
Pangasianodon gigas wazannlunintulaisied uitldimenunazsnenunsundiduie
Channa micropeltes Wy Leptobarbus rubipinnis

4.2.2.2) asfdsznevvasUaninismuumesnitlva

Tuflufinisfinu wihhusluamuiue 52 e 17 Aseuath aseuafaiinusnniian
fo nquuaaziiiou Wnelunguidaulvgdungudaiosiu wazldinludaduunmia
AN BAUENITINEwazUNUmtusTUUTNe AU 12 aunsasuingulatoanidu 5
nau Usenaunae Fish status finuvarsnadiu 4 wiin Ae Pterygoplichthys disjunctivus,

Clarias hybrid, Oreochromis niloticus, Gambusia affinis WagnguuaiNuusnudansuen1s

1%
o 12

Auesnunguuafinuuiawazdniiuissdndusmsuuiivsunanniiga insectivores
(35 %iln) WU Devario maetaengensis sotasuAanguUafulavisiigiazdnd omnivores
(9 ¥iin) Wy Neolissochilus stracheyi wazng uuarnunqudnideiudueinis fe

carnivores (8 ¥ilf) 11 Channa gachua Waga1dsawUINguA AN YELAITag a1Aely
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widsilvasuuseeniu 3 naumei Ag ﬂejmﬁwumﬂﬁqmﬁaﬂmﬁaq'LLazmmmimmﬁu
Woa1 (Bottom) 30 wilm wWu Ceratogarra cambodiensis 3aqaamﬁaﬂzjmm‘ﬁ'ﬁmidwﬁw
Fumemsdauuazasunog i uresuraduluand 14 wia (water column) L9y
Mystacoleucus obtusirostris ﬁauﬂquwﬁ’mﬁanduﬂmﬁﬁ'ﬂ%aqﬂ’;ﬂf’lﬁa pelagic (8 viln)
W Barilius pulchellus dwiunguuarifinnueanusidenisildsuutasiinings 34 vila
(intolerant) drunguiifianueanusisnisildsuuladsuindeon (tolerant) wu 18 wiln lu
nsfnwiasedldmmunaninlndduadn 4 win Aduauduiussenineuganin
st mziaU unaaLaENIIUNIN S aEvesiiaUa (altitude distribution) (Suvarnaraksha

et al., 2012) anunsouvssentaidu 4 ngu liun nquusnilunguignirdnegluiungeid

Y

ANNFUNUS UM iinsuarinseuauilnausanieisendi Yainiun (mountain species)

Y

a 1

WU 6 VUN LU Oreoglanis siamensis Wag Glyptothorax trilineatus ﬂzﬂ;uﬁ 2 ﬂa:mﬂm‘ﬁ' oglit EJagJ:
Tuiuififimugaiosnianguusnyiedendt Uandaen (piedmont species ) wu 32 wiin
W Barilius pulchellus wag Discherodontus schroederi Ua’mﬁiu‘ﬁ 4 fio Yandi a%fﬁ’suw‘/ﬂ\]}uﬁ
suvesgaTiie e sl ussdanudnvesvdsiunnndnguusnviedendy Uan
sy (lowland species) WU 9 ¥1in Wy Trichopodus trichopterus wag Trichopsis vittata
uaznguUansossasyItengudl 2 uaznauil 4 videisunnguuandansn transitory species

5 i@ 1 Mystacoleucus obtusirostris Wag Systomus rubripinnis Duduy

M15197 11 IuunauauEnEaEnTIngwazunuIniussuuinadniunguuaitia

No. Family/ Species Origin ' Tolerance Habitat N
group status
Osteoglossiformes
Notopteridae
1 Notopterus notopterus (Pallas, 1769) Na' (e TO? wc? LC
Cypriniformes
Cyprininae
2 Barilius koratensis (Smith, 1931) Na’ INY 23 T’ PG? LC
3 Barilius pulchellus (Smith, 1931) Na' IN 22 I PG ° LC
il Danio albolineatus (Blyth, 1860) Na' IN" 22 TO' PG* LC
5 Esomus metallicus Ahl, 1923 Na’ INY 23 T’ PG? LC
6 Rasbora myersi (Bleeker, 1851) Na' IN" 23 I’ PG*
7 Rasbora paviana Tirant, 1885 Na’ INY23 T’ PG? LC
Barbonymus altus (Giinther, 1868) Na' ON"2 32 TO? wc? LC
9 Barbonymus gonionotus (Bleeker, 1850) Na’ ON# %2 I’ we *? LC
10 | Cirrhinus cirrhosa (Blotch, 1975) A IN? I’ wc?® U
11 Labiobarbus lineata (Sauvage, 1878) Na® ON"?2° T’ wc?
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No. Family/ Species Origin Trophic Tolerance Habitat IUCN
group status
12 Cyclocheilichthys armatus (Valenciennes, 1842) Na' ON"?2? i’ we?® LC
13 Cyprinus carpio Linnaeus, 1758 A2 ONb 23 I’ wc? VU
14 Discherodontus schroederi (Smith, 1945) Ed* IN*2 I’ wc’ LC
15 Ceratogarra cambodgiensis (Tirant, 1884) Na' ON"2? ITe RS’ LC
16 Hampala macrolepidota Kuhl & van Hasselt, 1823 Na' CA %22 i’ wc? LC
17 Henicorhynchus siamensis (Sauvage 1881) Na' ON'*? I’ wc>? -
18 | Labeo chrysophekadion (Bleeker, 1849) Na' ON"? m’ BT LC
19 | Labeo rohita (Hamilton, 1822) A3 IN'#° i’ BT’ LC
20 Mystacoleucus obtusirostris (Valenciennes, 1842) Na’ IN*2 TO**® wc? LC
21 Neolissochilus stracheyi (Day, 1871) Na’ ON"? T wc? LC
22 Puntioplites proctozysron (Bleeker, 1865) Na' ON'?? m’ we?? -
23 Pethia stoliczkana (Day, 1871) Na’ IN? I’ wc? -
24 Puntius brevis (Bleeker, 1849) Na’ IN'22 I’ wc?? LC
25 Systomus rubripinnis (Valenciennes, 1842) Na’ INb 22 IT* wc >° -
Botiidae
26 | Syncrossus beauforti (Smith, 1931) Na' INb 22 I’ SM NT
27 | Yasuhikotakia morleti (Tirant, 1885) Na' IN" 22 I’ M LC
Cobitidae
28 | Aperioptus gracilentus (Smith, 1945) Na’ IN? I’ SM LC
29 | Acantopsis rungthipae Boyd, et al., 2017 Na' NP4 I’ sm’ LC
30 | Acantopsis thiemmedhi Sontirat, 1999 Na’ INY23 T SM DD
31 Lepidocephalichthys hasselti (Valenciennes, 1842) Na' IN%? TO? sm’ LC
32 Pangio anguillaris (Vaillant, 1902) Na’ IN"? I’ SM -
Balitoridae
33 | Homalopteroides smithi (Hora 1932) Na' IN" 22 e RS® LC
34 Balitoropsis zollingeri (Bleeker 1853) Na’ IN"2 T RS’ LC
Nemacheilidae
35 Tuberoschistura baenzigeri (Kottelat, 1983) Na’ IN*2 IT® sm’ LC
36 | Nemacheilus binotatus Smith, 1933 Na' IN“22 e SG? DD
37 Schistura poculi (Smith, 1945) Na’ INY23 T sm’ LC
38 | Schistura sexcauda (Fowler, 1937) Na' IN*2? e SV LC
39 | Schistura waltoni (Flowler, 1937) Ed* IN?? T SV DD
Siluriformes
Loricariidae
40 Pterygoplichthys disjunctivus Smith, 1933 AZ? ON? TO' BT? -
Pangasiidae
a1 Pangasianodon hypophthalmus (Sauvage, 1878) Al ON! I’ BT EN
a2 Pangasianodon gigas Chevey, 1931 A2 ON! T BT? CR
Bagridae
a3 Hemibagrus spilopterus Ng & Rainboth, 1999 Na’ CA® I’ BT® LC
a4 | Pseudomystus siamensis Regan, 1913 Na’ CAM2? I’ BT’ LC
45 Mystus mysticetus Roberts, 1992 Na’ CAM2 %3 I’ BT® LC
46 | Mystus singaringan (Bleeker, 1846) Na’ CAVZ23 TO? BT’ LC

Amblycipitidae
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No. Family/ Species Origin Trophic Tolerance Habitat IUCN
group status
47 Amblyceps foratum Ng & Kttlelet, 2000 Na’ CA*? I’ SG*? LC
Sisoridae
48 | Glyptothorax trilineatus Blyth, 1860 Na’ CA"? T RS’ LC
Clariidae
49 Clarias batrachus (Linnaeus, 1758) Na’ cAl%3 TO° sG” LC
50 Clarias hybrid Hy' & AL*® CA"? TO' SG' -
Gobiiformes
Eleotridae
51 Oxyeleotris marmorata (Bleeker, 1852) Na' CA? T wc? LC
Cichliformes
Cichlidae
52 Oreochromis niloticus (Linnaeus, 1758) Al232 ONY? TO® wc’ LC
53 | Oreochromis hybrid Hy' & ALY ON"? TO' wc’ -
Beloniformes
Belonidae
54 | Xenentodon cancila (Hamilton, 1822) Na' cA? m’ PG’ LC
Synbranchiformes
Synbranchidae
55 Monopterus albus (Zieuw, 1793) Na’ IN*2 TO*® Sm? LC
Mastacembelidae
56 Macrognathus siamensis (Gunther, 1861) Na’ INY 232 TO® SG* LC
57 Mastacembelus armatus (Lacepede, 1800) Na’ INY22 TO° SG' LC
58 Mastacembelus tinwini Britz, 2007 Na’ IN? TO' SG* LC
Anabantiformes
Anabantidae
58 Anabas testudineus (Bloch, 1792) Na’ cah 23 TO® wc® DD
Osphronemidae
60 Osphronemus goramy Lacepede, 1801 Na’ ON %3 TO' wc? LC
61 Trichopsis vittata (Cuvier, 1831) Na' IN"2 TO' PG’ LC
62 Trichopodlus trichopterus (Pallas, 1770) Na’ IND 223 TO® wc*? LC
Channidae
63 Channa gachua (Hamilton, 1822) Na’ CcAl?? TO? wc? LC
64 | Channa striata (Bloch, 1793) Na' cAb?? O’ wc? LC
Pristolepis
65 | Pristolepis fasciata (Bleeker, 1851) Na' IN? > TO**? wc?? LC
Perciformes
Ambassidae
66 | Parambassis siamensis (Fowler, 1937) Na' IN" 22 O’ wc? LC

Tetraodontiformes

Tetraodontidae
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No. Family/ Species Origin Trophic Tolerance Habitat IUCN
group status
67 Pao cochinchinensis (Steindachner, 1866) Na’ cAl®> I’ BT LC

Origin: Na=Native species, Ed=Endemic species, Al=Alien species, and Hy=Hybrid species.

Trophic group: ON=omnivores, IN=insectivores, and CA=carnivores.

Tolerance: [T=intolerant species, TO=tolerant species.

Habitat: PG=pelagic species, WC=water column species, BT=bottom species. RS=rocky and stone, SG=sandy and gravel, SM=silty to muddy.
IUCN red list status: DD=Data deficient, LC=Least concern, NT=near threatened, VU=Vulnerable, EN=endangered, CR=critically endangered
Note: The number in exponent corresponds to the following reference

1. Suvarnaraksha (2004)

2. Suvarnaraksha (2011)

3. Suvarnaraksha (2017)

4. Vithayanon (2017)

5. Rayan and Ngamsnae (2014)

6. IUCN red list (2019

7. Information from expert
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o
Uanilva
No. Family/ Species Origin Trophic Tolerance Habitat Altitude en
group distribution status
Cypriniformes
Cyprininae
1 Barilius pulchellus (Smith, 1931) Na’ IN" %2 I PG PM LC
2 Danio albolineatus (Blyth, 1860) Na’ INb 22 TO' PG MT LC
3 Devario maetaengensis (Fang 1997) Na' INV 23 TO' PG* MT LC
a Esomus metallicus Ahl, 1923 Na’ INb 22 I’ PG LL LC
5 Rasbora myersi (Bleeker, 1851) Na’ INb 22 I’ PG PM LC
6 Rasbora paviana Tirant, 1885 Na’ IN23 I’ PG* TS LC
7 Bangana sinkleri (Fowler 1934) Na’ IN? I’ BT’ PM DD
8 Discherodontus schroederi (Smith, 1945) Na’ IN%2 I’ wc ' PM LC
9 Ceratogarra cambodgiensis (Tirant 1884) Na’ ON'2? e BT’ PM LC
10 Garra fuliginosa Fowler, 1934 Na' ONb23 e BT® PM LC
Mystacoleucus obtusirostris (Valenciennes, ; e w 3
11 1608 Na IN? TO* WC TS LC
12 Neolissochilus stracheyi (Day, 1871) Na’ ON"?2 I wc? PM LC
13 Onychostoma gerlachi (Peters 1881) Na’ ON I WC PM NT
14 Poropuntius bantamensis (Rendahl, 1920) Na’ ON T WC PM LC
15 Pethia stoliczkana (Day, 1871) Na’ IN? I wc? PM LC
16 Puntius brevis (Bleeker, 1849) Na’ IN'? I’ wc*?® TS LC
Scaphiodonichthys acanthopterus (Fowler s 5 "
17 N Na IN T BT PM LC
18 Systomus rubripinnis (Valenciennes, 1842) Na’ INV 22 IT° we *° TS DD
19 Tor tambroides (Bleeker, 1854) Na’ ON"?2 T wc’ PM DD
Gyrinocheilidae
20 Gyrinocheilus aymonieri (Tirant, 1884) Na’ IN? TO' BT® PM LC
Cobitidae
21 Aperioptus gracilentus (Smith, 1945) Na’ IN? I BT® PM LC
22 Lepidocephalichthys berdmorei (Blyth, 1860) Na' IN%? TO BT’ PM LC
Lepidocephalichthys hasselti (Valenciennes, ; s 5 5
23 1802) Na IN? TO BT PM LC
Balitoridae
24 Balitora brucei Gray, 1830 Na’ IN? T BT’ PM NT
25 Homalopteroides smithi (Hora 1932) Na’ INb23 I BT PM LC
26 Pseudohomaloptera leonardi (Hora, 1941) Na’ IN® N BT PM LC
Nemacheilidae
27 Schistura breviceps (Smith, 1945) Na’ IN'?2 e BT PM DD
28 Schistura bucculenta (Smith, 1945) Na' IN'2 2 I BT’ PM LC
29 Schistura geisleri Kottelat, 1990 Na’ IN? I BT PM LC
30 Schistura menanensis (Smith, 1945) Na' INT 23 I BT’ PM DD
31 Schistura mahnerti Kottelat, 1991 Na’ INY 2 I BT PM LC
32 Schistura obeini Kottelat 1999 Na’ INV22 I BT® PM LC
33 Schistura poculi (Smith, 1945) Na’ IN'23 T BT PM LC
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34 Schistura spilota (Fowler, 1934) Na' IN'#2 N BT PM DD
35 Schistura waltoni (Flowler, 1937) Na’ IN %3 I BT® PM DD
Siluriformes
Loricariidae
36 Pterygoplichthys disjunctivus Smith, 1933 AZ? ON? TO' BT LL -
Amblycipitidae
37 Amblyceps foratum Ng & Kttlelet, 2000 Na’ CA*? i BT’ MT LC
Sisoridae
38 Oreoglanis siamensis Smith, 1933 Na’ IN? T BT MT EN
39 Glyptothorax trilineatus Blyth, 1860 Na’ CAM2? I BT® MT LC
40 Glyptothorax lampris Fowler, 1934 Na’ CAV?? T BT’ MT LC
Clariidae
a1 Clarias batrachus (Linnaeus, 1758) Na’ cAb-2 3> TO° BT PM LC
© Clarias hybrid (C. macrocephalus X C. A CAL2 b S - N ]
gariepinus)
Cichliformes
Cichlidae
43 Oreochromis niloticus (Linnaeus, 1758) A ON"? TO® Wl LL LC
Cyprinodontiformes
Poeciliidae
aq Gambusia affinis (Baird and Girard, 1853) AP ON? TO' PG> PM LC
Synbranchiformes
Synbranchidae
45 Monopterus albus (Zieuw, 1793) Na' IN >3 To?? BT’ LL LC
Mastacembelidae
46 Mastacembelus tinwini Britz, 2007 Na’ IN'2 2 TO® BT’ TS LC
Gobiiformes
Gobiidae
a7 Rhinogobius chiengmaiensis Fowler, 1934 Na’ INY22 T BT PM LC
Anabantiformes
Anabantidae
a8 Anabas testudineus (Bloch, 1792) Na’ [ TO° wc?® LL DD
Osphronemidae
a9 Trichopsis vittata (Cuvier, 1831) Na’ IN"2 TO' PG’ LL LC
50 Trichopodus trichopterus (Pallas, 1770) Na’ IN' 222 TO°® wc *? LL LC

Channidae
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51 Channa gachua (Hamilton, 1822) Na’ CAY?? TO? we? PM LC

52 Channa striata (Bloch, 1793) Na' cAM 23 TO® wc? LL LC

Origin: Na=Native species and Al. = Alien species

Trophic group: ON= omnivores, IN= insectivores, and CA= carnivores.

Tolerance: IT=intolerant species, TO=tolerant species.

Habitat: PG = pelagic species. WC= water column species. BT= bottom species

Altitude distribution (Suvarnaraksha, 2011): MT= mountainous species, PM=piedmont species, TS= transitory species, LL= lowland species.
IUCN red list status: DD=Data deficient, LC= Least concern, NT= Near threatened, VU= Vulnerable, EN= endangered, CR=critically
endangered

Note: The number in exponent corresponds to the following reference

1. Suvarnaraksha (2004)

2. Suvarnaraksha (2011)

3. Suvarnaraksha (2017)

4. Vidthayanon (2017)

5. Rayan andNgamsnae (2014)

6. IUCN (2020)

7. Information from expert
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Jue1m1s (Carnivores) @aunguiuvsn Species richness wag Diversity index flAAzwuY
Fould 1 azuuu Wuwmindezdviumanasmiuanud eulvsuvesundsn wanafs
ninernsluundniiimdsaunauarldsunanssmunianssusng 4 vesyws druazuuy
N Fish status Usgiduldmivinduil 2 asuuu Tagngauuaisisiu (% Alien species) lng
MnmsAnwessinusiauan vla (Channa micropeltes) filaifisnesuinnulul 2004 us

ynnsdraludagiunuiinaunniudunguuafifudmniduduomswazinuesanuse

Msasunlasasdainasules

Diversity Dominant % Omnivores % Pelagic % silty to % of
index species muddy intolerant
species

Score IBI
N [¥5)

[y

Metric

m Score(Rain) mScore(Cold) mScore(Summer)

MW 24 AzuUNYBRYHTIN LAz SN IUTEIUMEYALYS LN YN 1A

50

49
48
— 47
(a4}
= 46
45
44 l
43
Score(Rain) Score(Cold) Score(Summer)
Season

AN 25 AZUUUVIRBTTININTUTHEUMEYAIVTNLENANGANA
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Scoring criteria (13i3n) Score
Category and Metrics
5 4 3 2 1
Diversity parameters
1 | Species richness >47.00 37-47 27-36 22-26 <22 1
2 | Diversity index >2.93 2.65-2.93 2.57-2.64 2.30-2.56 <2.29 1
3 | Dominant index <0.24 0.25-0.26 0.27-0.28 0.29-0.33 >0.33 5
Fish status
4 | % Native species >99.67 98.22-99.67 95.63-98.21 65.99-95.62 | <65.98 2
5 | % Alien species <1.79 1.80-4.49 4.50-4.52 4.53-17.01 >17.01 2
6 | % Hybrid species <133 1.33-2.65 2.66-3.90 3.91-5.71 >5.71 2
Trophic composition
7 | % Omnivores <0.85 0.85-3.71 3.72-5.36 5.37-112.5 >12.5 [
8 | % Insectivores >95.89 87.98-95.89 75.15-87.97 63.65-75.14 | <63.64 [
9 | % Carnivores >86.67 27.24-86.67 18.14-27.23 4.23-18.13 <4.22 2
Habitat composition
10 | % pelagic >65.50 27.52-65.50 16.07-27.51 5.67-16.07 <5.66 1
11 | % water column <34.49 34.48-55.31 55.32-77.57 77.58-98.63 | >98.63 2
12 | % bottom >19.64 2.99-19.64 2.84-2.99 0.78-2.83 <0.77 2
13 | 9% rocky and stone >35.44 17.83-35.44 10.04-17.82 1.97-10.03 <1.96 2
14 | % sandy and gravel >77.93 40.42-77.93 25.03-40.41 6.91-25.02 <6.90 1
15 | % silty to muddy >13.33 4.45-13.33 3.05-4.44 0.84-3.04 <0.83 1
Fish health and abundance
16 | % of intolerant species >97.26 78.16-97.26 63.52-78.15 47.60-63.51 | <47.59 2
17 | % of tolerant species <22.25 22.26-37.50 37.51-52.51 52.52-88.93 | >88.94 3
18 | Number of disease health <1 1.0-2.0 3 4 >4 1
Total IBI score 38
Results Fair

4.2.4.2) namsUssidiuanugguansiuiuilye guuiniwne Jarindedn

ANUNITIIBUNBNWUENNTIINGT (15199 12) YUNTANAAISILUTNTINNYDILARY

wnsnlaglunsfnwiaseillalddeyal 2003 lunisesnuuugauninvangqyaiiveldusiiiu

v = e a & da o I 1a 1Y) I3
Wﬂu@?qﬂaﬂyimﬁﬁqﬂqw AD NUNILILIA LUDIADI LazaULLLLAI-LLuUU IUﬂ']i‘WWU']Lﬂm‘V]ﬂ']i

Tinzuuudsluudasiunidwuseanduyiagguu gouun wazggSouluusaziui uazsu
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qamameiuiiy 1 iy Wewisufisugaiuueniweusasiufiuasusazggnia
dewFsuiisuiuinamiazuuuiinam Ifkanziuuminuasnasiy fvdanuauysaimg
Tanmmvoausagiuil wuhadsiauaiysaimisdnwluiui Founs Hesaes wazauul
una-usits lamnzagi 99U wavggieu (el 30-36 waznwdl 26) Ansywing 41-44,
37-46, 42-46 mudy a1 sUszdiuvesgunzdnegludiuiiunats (Fai) uazideass
Useidiulagldumingausniiuil wud Adedauanysainedninluiud Bouns s
MDY LAYAULLLA-LUTS (AN5197 37 wazA N 27) TaAn5ening 45-50, 47-45 way 45-47
muddu dnansusyifiuvesgunnzdnegludifuiiunas (Fain uaziileassuszidiulagld
avngAuengenia wui endaiinnuauysainadinmluiiugasggau gevun wazggieu
(151991 38 waznINdl 28 ) SAsyning 41-44, 43-47, 42-43 awdsu TenansUssiuves
guanginegludduliunas (Fair
nswanaeinsliasiuudmsuihuiwnsimedyaumsn 15 gaumindernms
Ussidiudiimnuanysaivesiinimuvaniugs fualiuanssiunasnaiivssdiulddnogly
gdutunans (Fain feifu Sefmuiurinsamnitusasggmaiielfdugaiuninvesganii
winpafies 1 gamin iediedenisuseifiusarldvselov (s1eil 14) uaziilolddoya
Hagtu (@ 2019) vnsussdugaunind wuinldnanzuuuaninuagiasaudianiy
auysainedinmivindy 53 Azuuu uazazuuuilddneglunasiuiunals ysuenisan
aunavesszuvinainisud suudaslulunisiugas n1siUa suuUaseund i uay
maﬂizmmﬂﬁaﬂﬁmmwwéﬁNaﬁfamilfd?{EJusuaqsuaaUszﬁmﬂiUm Furularseulng

anas lassaiaunasiiegenfeuasngAnssun1siuenmsiinsiaguias (5199 40)

50

45

30 II II II

IBI Score
=
(=]

w
(%l

Score Rain Score Cold Score Summer
Season
® Wienghang ® Muang Kong Maetang-Ping

o v aa d' a v a i & A
AINN 26 ﬂgLLuUGU@Q@%u%'Jﬂ']WLQJ@‘UigLllu@nﬁ]ﬁﬂLlﬁ/ﬁﬂLLEJﬂLW]ag‘WU‘VlLLaSQQﬂ']a
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Category and Metrics

Scoring of Wienghang

Scoring of Muang Kong

Scoring of

Maetang-Ping

St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St.1 | St.2 | St.3
Diversity parameters
1 | Species richness 1 2 1 1 2 1 1 3 1
2 | Diversity index 1 3 1 1 1 1 1 2 1
3 | Dominant species 1 3 2 1 4 2 1 5 4
Fish status
4 | %Native species 1 1 1 1 1 1 1 1 1
5 | Alien species 5 5 5 5 5 5 5 5 5
Tropic composition
6 | % Omnivores 4 2 5 4 3 5 4 1 5
7 | % Insectivores i 4 1 1 2 1 1 5 1
8 | % Carnivores 1 1 1 1 1 1 1 1 1
Altitude distribution
9 | % Lowland species 5 1 5 5 3 5 5 1 5
10 | % Transitory species 5 4 5 5 5 5 [ 1 3
11 | % Piedmont species 1 ! 1 1 1 1 1 1 1
12 | % Mountainous species 1t 1 1 1 1 1 1 1 1
Habitat composition
13 | % Pelagic 5 5 1 5 5 1 3 3 1
14 | % Water column 5 1 a4 5 2 a4 5 1 5
15 | % Bottom 1 5 1 1 5 1 1 5 1
Tolerant
16 | % of intolerant species 1 2 1 1 1 1 2 q 1
17 | % Tolerant species 2 1 4 2 1 5 5 2 5
Fish health
Number of disease
18 1 1 1 1 1 1 1 1 1
health
Total IBI score a2 a3 a1 a2 a4 a2 43 43 43
Results Fair Fair Fair Fair Fair Fair Fair Fair Fair

Manewn St 1 fis 9ALiufieg1edluiung suanatdne uiauwmlieUsegssunetiradngns

St 2 AD UILUWAS FIUANATIY USHIUAS1H8N LA

St 3 fip Yualums suanadne USalsegseugiuinginy
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M13199 35 wansusedliulagldyaumsnnunilowns 1leanee wasllieanid langgguun?

ldtoyayrnfoungAIn1eu2562-nun1wus 2563

Scoring of Wienghang Scoring of Muang Kong | Scoring of Maetang-Ping
Category and Metrics
St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3
Diversity parameters
1 | Species richness 1 2 1 1 1 1 1 2 2
2 | Diversity index 1 1 1 1 1 1 1 1 1
3 | Dominant species 5 5 5 5 5 5 5 5 5
Fish status
4 | %Native species 1 1 1 1 1 1 1 1 1
5 | Alien species 1 1 1 1 1 1 1 1 1
Tropic composition
6 | % Omnivores 4 3 5 4 5 5 4 1 5
7 | % Insectivores 2 2 2 2 4 3 3 5 4
8 | % Carnivores 1 1 1 1 1 1 1 1 1
Altitude distribution
9 | % Lowland species 5 3 5 5 2 5 5 1 5
10 | % Transitory species 5 4 5 5 4 5 5 1 1
11 | % Piedmont species 1 i 1 1 1 1 1 1 1
12 | % Mountainous species 1 1 1 1 1 1 1 1 1
Habitat composition
13 | % Pelagic 5 5 1 4 il 1 4 4 1
14 | % Water column 1 4 2 1 3 1 1 a 1
15 | % Bottom 1 a4 1 1 5 3 3 5 5
Tolerant
16 | % of intolerant species 1 2 1 1 2 1 3 5 5
17 | % Tolerant species 3 1 a4 1 1 a4 5 a4 5
Eish health
18 | Number of disease health 1 1 1 1 1 1 1 1 1
Total IBI score a0 a2 39 37 a3 a1 a6 a4 a6
Results Fair Fair Fair Fair Fair Fair Fair Fair Fair

Mnewe St 1 fie 9LAUfegellulung duanatdne usaumileusegssuneunyainens

St 2 AD UILUWAS FIUANATIS USHIUAS19E8N UM

St 3 fip Yualums siuanatng Uiauseaseugiuingny
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Category and Metrics

Scoring of Wienghang

Scoring of Muang Kong

Scoring of Maetang-Ping

St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3

Diversity parameters

1 | Species richness 1 2 1 1 1 1 1 3 1

2 | Diversity index 1 1 1 1 1 1 1 1 1

3 | Dominant species 1 5 3 1 5 5 1 5 5
Fish status

4 | %Native species 1 1 1 1 1 1 1 2 1

5 | Alien species 5 5 5 5 5 5 5 5 5
Tropic composition

6 | % Omnivores 4 3 5 4 3 5 4 1 5

7 | % Insectivores 1 3 1 1 1 1 2 5 1

8 | % Carnivores 1 1 1 1 1 1 1 1 1
Altitude distribution

9 | % Lowland species 5 3 5 5 il 5 5 1 5

10 | % Transitory species 5 4 5 5 4 5 3 1 2

11 | % Piedmont species 1 1 1 1 1 1 1 1 1

12 | % Mountainous species 1 1 1 1 1 1 1 1 1
Habitat composition

13 | % Pelagic 5 5 2 5 5 1 4 5 1

14 | % Water column 5 2 4 5 il 5 5 2 5

15 | % Bottom 1 4 1 1 3 1 1 5 1
Tolerant

16 | % of intolerant species 1 1 1 1 1 1 2 5 2

17 | % Tolerant species 2 1 4 3 1 5 5 1 5
Eish health

18 | Number of disease health 1 1 1 1 1 1 1 1 1

Total IBI score a2 aa 43 43 43 a6 aa a6 a4
Results Fair Fair Fair Fair Fair Fair Fair Fair Fair

Wnewe St 1 s gauiufegeliulung suaiadne usnauniieusegszuiguiradiens

St 2 AD UILUWAS FIUANATIS USHIUAS19E8N UM

St 3 fip Uualums siuanagne USilsens

LU ILUNZHU




117

M19197 37 wansusudiulagldyaursninuiieawns Weeres avdenn Titeyad 2563

Category and Metrics

Scoring of Wienghang

Scoring of Muang Kong

Scoring of Maetang-Ping

St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3

Diversity parameters

1 | Species richness 1 2 2 1 1 1 1 3 2

2 | Diversity index 1 1 1 1 1 1 1 1 1

3 | Dominant species 5 5 5 5 5 5 4 4 4
Fish status

4 | %Native species 1 1 1 1 1 1 1 1 1

5 | Alien species 5 5 5 5 5 5 5 5 5
Tropic composition

6 | % Omnivores 4 3 5 4 3 5 4 1 5

7 | % Insectivores 2 3 2 1 1 1 3 [ [

8 | % Carnivores 1 1 1 1 1 1 1 1 1
Altitude distribution

9 | % Lowland species 5 2 5 5 3 5 1 1 1

10 | % Transitory species 5 4 4 5 4 5 1 1 1

11 | % Piedmont species 1 1 1 1 1 1 1 1 1

12 | % Mountainous species 1 1 1 1 1 1 1 1 1
Habitat composition

13 | % Pelagic 5 5 1 4 [ 1 4 4 1

14 | % Water column 5 2 a4 5 3 a4 5 2 5

15 | % Bottom 1 4 1 1 4 1 3 5 a
Tolerant

16 | % of intolerant species 1 2 2 1 1 1 3 5 4

17 | % Tolerant species 2 2 4 4 1 5 5 q 5
Fish health

18 | Number of disease health 1 1 5 1 1 1 1 1 1

Total IBI score ar a5 50 a7 41 a5 45 45 47
Results Fair Fair Fair Fair Fair Fair Fair Fair Fair

Wnewe St 1 s gauiumegnediulung duanate usnaumiieusegszuneunijadiens

St 2 A9 UILUWAS FIUANATIY USHIUAS19E8A UL LA

St 3 fip Wlalms siuanatne USauseaseungiuiinginy
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Category and Metrics

Scoring of Rain

Scoring of Cold

Scoring of Summer

St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3

Diversity parameters

1 | Species richness 1 2 1 1 1 1 1 1 1

2 | Diversity index 1 2 1 1 1 1 1 1 1

3 | Dominant species 1 3 2 4 4 4 1 5 4
Fish status

4 | %Native species 1 1 1 1 1 1 1 1 1

5 | Alien species 5 5 5 5 5 5 5 5 5
Tropic composition

6 | % Omnivores 4 3 5 4 3 5 4 3 5

7 | % Insectivores 1 3 1 2 2 2 1 2 1

8 | % Carnivores 1 1 1 1 1 1 1 1 1
Altitude distribution

9 | % Lowland species 5 2 5 5 3 5 5 a4 5

10 | % Transitory species 5 4 5 5 4 5 5 4 5

11 | % Piedmont species 1 1 1 1 1 1 1 1 1

12 | % Mountainous species 1 1 1 1 1 1 1 1 1
Habitat composition

13 | % Pelagic 5 5 1 5 5 1 5 5 1

14 | % Water column 5 2 il 5 il 5 5 2 4

15 | % Bottom 1 5 1 1 il 1 1 3 1
Tolerant

16 | % of intolerant species 1 2 1 1 1 1 1 1 1

17 | % Tolerant species 2 1 4 3 1 4 2 1 4
Fish health

18 | Number of disease health 1 1 1 1 1 1 1 1 1

Total IBI score a2 a4 41 a7 43 45 42 42 43
Results Fair Fair Fair Fair Fair Fair Fair Fair Fair

Vanewe St 1 fis 9LAUfegelulung duanatne usaumileusegssuneunyainens

St 2 AD UILUWAS FIUANATIY USHIUASI9E 18N UM

St 3 fip Yualums siuanadne Ualsegseugiuinginy
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Scoring criteria Score
Category and Metrics
5 4 3 2 1
Diversity parameters
1 | Species richness >22 12-22 9-11 5-9 <5 5
2 Diversity index >2.35 2.00-2.35 1.61-1.99 1.26-1.60 <1.26 5
3 | Dominant species >0.56 0.26-0.56 0.19-0.25 0.08-0.18 <0.08 2
Fish status
4 | %Native species >02.31 23.08-42.31 | 16.98-23.07 9.62-16.97 <9.62 3
5 | Alien species 0 1 2 3 >4 5
Tropic composition
6 | % Omnivores <10.38 10.38-16.59 | 16.60-22.21 | 22.22-44.44 >44.44 1
7 | % Insectivores >02.86 25.71-42.86 | 18.55-25.70 | 11.43-18.54 <11.43 5
8 | % Carnivores >37.50 12.50-37.50 | 11.11-12.49 8.32-11.10 <8.32 4
Altitude distribution
9 | % Lowland species <16.24 16.24-21.67 | 21.67-33.32 | 33.33-83.89 >88.89 1
10 | % Transitory species <23.88 23.88-31.84 | 31.85-59.99 | 60.00-80.00 >80.00 1
11 | % Piedmont species >50.00 28.13-49.99 | 19.06-28.13 | 9.38-19.05 <9.38 3
12 | % Mountainous species =283 16.67-33.33 | 12.14-16.66 | 9.10-12.014 <9.10 3
Habitat composition
13 | % Pelagic >75.00 37.50-75.00 | 27.47-37.49 | 12.50-27.46 <12.50 5
14 | % Water column <7.14 7.14-20.01 20.02-28.56 | 28.57-64.29 >64.29 1
15 | % Bottom >40.00 20.00-40.00 | 13.25-19.99 6.67-13.24 <6.67 4
Tolerant
16 | % of intolerant species >55.88 29.41-55.88 | 13.39-29.40 | 11.76-19.38 <11.76 3
17 | % Tolerant species <4.17 4.17-8.18 8.19-11.11 11.12-27.78 >27.78 1
Fish health
18 | Number of disease health 0 1 2 3 >4 1
Total IBI score 53
Results Fair

4.2.5 N15NIMUAASLLUUVDILUNGN

ANSANNUAAIALLUUVDILFATLUNSN WAIDINAITAITIITUIUTRAUAT AIUNAINUA

UNSNUAINY JUBUURNAY Karr (1981) Tdssuunzuuu 5, 3 w50 1 azuuy lagdanuaiy




120
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WisuwlasnuanuaziUSouimsuiuurasiiluuinuavseginiabeiiuniulansenuitesy

v

‘17‘1%391 (Minimally disturbed) % Fish-IBl HunaanmskuanaIAEkULTY 12 Metrics i
LD1NYULNBYNTUITIU NERANTTU ANTAUDINNT ANUYNYY wazdeulvvesuszaauuanlu
Nuitdne sdusadiaesan (Multiple parameters indices) atluldlunsussfiua
augmﬁmﬁumwmaumdﬁﬁ (@udnd uay Usdn, 2562) Fesrzuuuiminaiunsovenis

AMAINUINIUNENTT MNunInAIlanzuuY 5 Munefe AnugaNauysaluIngaisuaniie

Y 9

'
a A =

819890 ALANYIANIETINYIR S0%a9UAe 3 uansliiiude Jddd3adonuu vie
LANAN9AINANNNE198S Uag 1 AugANaNYsalkansnnilaWisuivanigndaniaig

AUYTNETIUYIA

'
v a

AarinaINIMaINISIUALMENIRTdaNanysainsdiInmlegldUandudaiin

AannuufnuuunInsasgnimuilag Kar (1981) uazluudazgiiniaflduiuldeuuas

o

o ldanumizanluniazguindsunisiinsanssuuaminluira s ludssinalny

& Ay A v A vy a a Y 1 A oA v cs'
%Q@Jﬂ@;ﬂﬁﬂua&]uqﬂ 114‘1/114 ‘lmﬂjsﬂa%aﬂiﬂqmmqﬂLLﬁguﬂqiLﬂ‘U@’J@EﬂQLMa 20 U 7187 twanan

giannugaNaNysalvatralty 9 In1sfiarsananuvsniiluesdusenausig o veq

'
[ a

Uszraudanlussuuidnauwna N fnwNdananeueN e UIUenin UANUALAATDY

SYUU waisorensesstinseluldedn i

ey nsfrunRzuuLAazium3nvesunawhdsuazinlue Ae sTuuAvLUy 5,4,
3,2 hay 1 AZLLUUY LaTHARTLUUTINTR Us 18 f 90 TaeLnauainSUTELIUENIUNTNY B
wndatnay sy 5 sEeunuLLaTNes (Chen et al., 2020; Fausch et al., 1990; Karr,
1981; Krause et al., 2012; Li, T. et al., 2018; Sangpradub and Hanjavanit, 2017; Shi et
al., 2020; Souza and Vianna, 2020; Wu et al.,, 2014; Zogaris et al., 2018) Tagnns

Wisuiiigy ¥aeaazkuusEnIenguaniisnsduaznguaniinaasuluisiazyaian

I a

a = = o 4 1 ¥ 1 =B a 1

NAsuwUTeuisuiuTeeasf 25 Anats uagsesasdl 75 vesnquaniendvadusas
Wn3n (Barbour, 1999; aufn@ kay Usiels, 2562) Gad1usun1sanwiasalinislyaiuu
WSgUgUSa8arNasldendsiu AN ALLUULEYNINSEAY 25 A NNUAT 1 ATLUY
PINALLUUNINAINSDEAE 25 LATUDYNINAINAN AMUNUARLLUUN 2 ATLUL WazyinnlaAsuu
FENINNANNTRYAE 25 Uag 75 AMNUAATLLLRYT 3 AZLUN WATVINIAZIULLINNIIAINAIS

P v " Y ° a v v °
WATALLUULRENINSR8AY 75 MUUAASWUUT 4 WATUINIPATLULLINNINSBEAE 75 AUUA

AZLUUN 5 ALY
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4.2.6 MITIUALUUUUVEINUALNATINABTAMNENYTAINITINN
ATNIAARATINNATINATTAINANY TN N AauUasunaIn (Breine et al,,
2004; Hughes et al., 2002; Karr, 1981; Pont et al., 2006; Schinegsger et al., 2013; auAne
a dl 1 a v o o = ong dy o
way USIEIM, 2562) LI DAL LUULAAZLUNT AWAIUINITINAY LATIINNISANYIASILNINUN
sULUULUNGN 18 1un3n AZLUULATNAAZWLUUSINTA WA 18 D9 90 lagLnaeinisusesiiu
ADTUNNVRILNAINZA MUY 5 S¥aU (11571991 40)
SEAUALEYY 73-90 ATLUY STAUM 55-72 ALLUU SEAUUIUNANY 37-54 AZLUY SEAU
WF@oULNTU 19-36 ATLUU LAYSEAULERNINSULIN UBENIINIDNNINU 18 ATLUU
' a v = ) al P = A o A aAada A4
ANPLLUUNLA 73-90 LAAIDITLAULIAEEY NU1BDILEAIRINTTTIUINETTINAT
AunaInuaneyialndifesivaniiedaunn uwanainssuuineiliauna velasunanssny
IINAINTIUVBINYWIUREUIN
' a v 3 o a 3 = a
ANPLLUUILA 55-72 LAAIDITEAUR NU18TLAAITINISANAIVDIAINULNTTAUD S
a aAda L+ A Ada aAa | ' a a
a5l P3nluwrasinlneniznisanasuesdslddnnilanussulmisenisiasuwlassile way
VUINVRIFLTINANT ANUYNYURATNITUNINTEILLURLULUR ISULNANTENUNTALTY
AIRZRULLA 37-54 LAAIDITEAUUIUNGATN WAAITIAINALAAYRITEULTIALSY
A A aAda aa | ° YR Y] a a a
goude AdiTinndanugeulmTiuiuanas dadiulaseaiiemiunisiuemsisuiuisundas
WALLANININISUSUAY09F9lT I nNo Ul IS LNLTU
ANAEWUUN LA 19-36 LAAIDITLAULA UINTY LAAIDI AIIUNAINNANYUDITUAN
USusdeanad N15ANeIISNNaINyas SAMUNUNILLINTUALAMT uTTaeY SIUTLAR
a v | A a o | | A Yy v | o | W
nsUasulUamINnIUgUINURIUan 305U sUREANALLULTLA TeanIinrsawiniu 18

WAAIDNSEAULADUINTULIN  WAAIDNANUNAINNAEVDIVRARNAININ WUTLARNDUNUINTY

wazanTanudddisnidulsansetredatau

a v a ¢ =
M1919N 40 Nai'}llNaﬁ'ﬂm@slﬁ«m?']uauuuimmqﬂﬁﬁﬁﬂqw

szé’uammmmdqfﬂ AZLUY IBI
sedumien (Excellent: E) 73-90
5¥AUR (Good:G) 55-72
seaulunans (Fair: F) 37-54
sedundenlvsu (Poor: P) 19-36
sedundenlvsuann (Very poor: VP) <18
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4.3 n1sUszgndlimaluladnsravisessesfidulaiiafnnulsziiuuasiiounanszny
vasnsidsuulasanmuandouniaii
4.3.1 nsAnwlulanaunie Flun ag1sauysuvasvainszguataziuniouiu
WAURSIIAUINTS
msAnwlulareunis Slun WedudunwesmaiSeuiizeamsAnusiaiugnssy
Tuanmuwandey InevinisAnuilutainszguatagiu Sslduadall n1sAnuiTuuluinaeuws
SyueUaINsEauanayiu (Hampala salweenensis) Fadusunuvesdusiuges Cyprinidae
lasdlunlulnaouiniudvuin 16,913 @Lud (GeneBank accession No. MW548258)
Usgnausie 37 Bu Wuduiinenswadu Tranfer RNA GRNA) $1uau 22 8u 1Ju ribosomal
RNA (rRNA) 3117y 2 Bu uazBufinvasiadulusiiu s1uau 13 8u way control region (CR)
$1uau 1 8u (115199 29) FunluTnAewnsedvuin 16,913 Awa Usenaumeaiuilipile
Ind A 33.6%, 26.3%, T 25.4%, G 14.7% uaz AT 59%. dwsuduiionsiduediulvgjeguu
a9 H 9niiudn 8 §uﬁaq‘umé’u L A® tRNA-Gln, tRNA-Ala, tRNA-Asn, tRNA-Cys, tRNA-Tyr,
tRNA-Ser, tRNA-Glu wag tRNA-Pro @1ufuense1s5tduLe Usenaumie 125 rRNA fa31ue1)

953 bp uaz 165 rRNA 7ifinnues 1681 bp

A1919% 41 Jlunlalveeunisvesal Hampala salweenensis.

Gene/element From To Length (bp) Start codon Stop codon Anticodon | Intergenic nucleotides | Strand
tRNA-Phe 1 69 69 GAA H
125rRNA 70 1022 953 H
tRNA-Val 1023 1093 71 TAC H
16SrRNA 1094 2767 1681 H
tRNA-Leul(UAA) 2768 2842 75 TAA 1 H
ND1 2844 3818 975 ATG TAA 5 H
tRNA-Ile 3824 3895 72 GAT -2 H
tRNA-GIn 3894 3964 71 TTG 1 L
tRNA-Met 3966 4034 69 CAT H
ND2 4035 5079 1045 ATG T- H
tRNA-Trp 5080 5151 72 TCA H
tRNA-Ala 5152 5220 69 TGC 1 L
tRNA-Asn 5222 5294 73 GTT L
oL 5295 5329 35
tRNA-Cys 5330 5396 67 GCA 1 L
tRNA-Tyr 5398 5463 66 GTA 1 L
col 5465 7015 1551 GTG TAA H
tRNA-Ser1 (UGA) 7016 7086 71 TGA 2 L
tRNA-Asp 7089 7158 70 GTC 5 H
col 7164 7854 691 ATG T- H
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Gene/element From To Length (bp) Start codon Stop codon Anticodon | Intergenic nucleotides | Strand
tRNA-Lys 7855 7930 76 T 1 H
ATPase8 7932 8096 166 ATG TAA -7 H
ATPase6 8090 8773 684 ATG TAA -1 H
coi 8773 9558 786 ATG TAA H
tRNA-Gly 9559 9630 72 TCC H
ND3 9631 9976 346 ATG T- H
tRNA-Arg 9977 10046 70 TCG H
NDA4L 10047 10343 297 ATG TAA -7 H
ND4 10337 11717 1381 ATG T- H
tRNA-His 11718 11786 69 GTG H
tRNA-Ser2(GCU) 11787 11854 68 GCT H
tRNA-Leu2(UAG) 11855 11924 74 TAG 4 H
ND5 11933 13753 1824 ATG TAA -4 H
NDé6 13750 14271 522 ATG TAA L
tRNA-Glu 14272 14341 70 TTC 5 L
Cytb 14347 15483 1137 ATG TAA 4 H
tRNA-Thr 15488 15559 72 TGT -2 H
tRNA-Pro 15558 15628 71 TGG L
D-Loop(CR) 15629 16913 1285 H
v o w a A o a s o !
MNVBYU QM ULUAUILIN D-loop U84 MtDNA L 8UIU17 memmumqmﬂm

Hampala taeludszinalnedsrvrudaiydaid oy vies 3 ¥daao H. dispar, H.

macrolepidota waz H. salweenensis lagludiduilinalolnae19ds ds1euiies 2 sia

g H. salweenensis FIUTSNEULIABDY IINANTA 29 @1u15a05 U8 lenImNUdUNUS

[y

INaTausEndng H. dispar Wag H. salweenensis INUFNIIUT A LABIAUNINNTY H.

macrolepidota

AatiunsAnyAMuaInatenIeRugnssLamsattlunsinwaduRusTEnIng

sULUU mtDNA finnsanlunisinduunnguuailasgagneieauasiaiugby
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Puntius snyderi

Puntius semifasciolatus
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Barbonymus altus
Pethia conchonius
Pethia ticto

97|
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100 g
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Systomus orphoides
Enteromius pobeguini

100 Enteromius fasciolatus
Eypeobarbus pleuropholis

Enteromius ebumeensis
Barboides ¢lacilis

100

Osteobrama cunma

100 Sahyadria denisonii
Sah

yadria chakkudiensis

Dawkinsia tambraparniei

100 ——— Puntius tetrazona

100

L Puntius partipentazona
Desmopuntius rhomboocellatus
Hampala macrolepidota

Hampala dispar
Hampala salweenensis

1001

6#

Barbodes binotatus

Barbodeslateristriga

Oreichthys crenuchoides

0.1

Danio rerio
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NC020097
NC020096
NC031521
NC022856
NC008658
NC031527
NC033914
NC031616
NC031627
NC031617
NC031550
NC031559
KF09637

NC018566
NC031614
NC010110
NC031610
NC010110
NC029149
AP011245

This studyk:]

NC034755
NC031588
NC033915

NC002333

AN 29 LHUAINNITTANG UAINTBY A mMDNA (subfamily Smiliogastrinae) #3835

Maximum Likelihood
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4.3.2 myuszgndldimaluladnsravisessesfidulaieAnmulsziliuuaziiou
wansEnUvaIn1siUAsuLlasanmuandeuseszuuiinaiilua nsdfnwnguiiusiudy
Jwmdaesivi

MsfnMaUAsuulasaninundeusesyuuinmhdesodedoyaduianinues
Asdidinludn uagldnanu ifesnndeyafideninn suvisdiaramainuatemadanin
foutrannuaginnuuanisiuluusiazanmgivssme nuideaseiidunasusuadauen
dmiumatauismsdfidueiefnnuussiunasifounansenuvesnisivasuulas
anmuwindeusdaszuudinan den1sunennaia environmental DNA %3a eDNA 117
Uszgnildifienisfinunsiiasunamesanmundemieliidumadeniva uasiiiels

NuAnw M uilulssmalneiviulan feanudusiusiviulavnserinanisiasuwlas

'
=

anmgionAwazn1ssiulaveiua Ingldnuiluunasiduaziilva Ingldiu

¥ '
A )

ﬂﬁﬁﬂmaaﬁLLN"L?WLL@JLLduﬁﬁﬁaﬂuﬁwﬁ’mﬁaduﬁﬂﬂLﬂuﬁummauméaﬂéﬂm IGEATRIN
miﬁﬂwﬂulﬁjauLLaji’wamyjiajsﬁa Dusunuwesunaings
MANansAnwIAIa N ranevessialaluunawiusiusy Tnonisldmadanig
Frivensziulananalagmalulad Environmental DNA udtinafnfiduie uagiiiuuTua
8u 125 rRNA sgmatia PCR Tngldlnswasinnizhe 515F (5-GTGCCAGCMGCCGCGGTAA
-3') wag 806R (5-GGACTACHVHHHTWTCTAAT-3') mﬂﬁfuﬁw%qwéﬁmmaﬁ’w Qiagen Gel
Extraction Kit (Qiagen, Germany) LagLa3 suA L8 uladuuwuy (DNA library) 1935 n15v09
NEBNex t ® Ultra DNA Library Pre Kit freipIesdle Illumina (New England Biolabs) wag
Yt Ut uf 18 uled uLUUA18LA3 09 Qubite 2.0 Fluorometer (Thermo Scientific)
ﬁ]’]ﬂﬂijuﬂizLﬁUﬂmﬂﬁwaLguméf‘HLLUUéj’mLﬂ%l’e)\‘i Agilent BioAnalyzer 2100 waziUSyuLiguiu
§1uteya GenBank
wuinansansranUiewennAslunanivanues s dunainvanedidin 3
%ayjaﬂiwwﬂiﬁgwmﬁﬁmﬁmezﬁﬁmmﬁa 142,337 tags Inemud i d3avamuauinis
139,079 tags WATNURI8E 197 HAURLAanIZia (Unique Tags) agjﬁ 223 tags W bl
d1u1sanunenla (Unclassified tags) 3,035 tags Imaﬁ’ﬂﬂq'mﬁ'ﬁgﬂLmumﬁauﬁﬂﬁﬂu
operational taxonomic units (OTUs) blﬁl,a?{aagjﬁ 170 tags (gl 30) 1nnmd 30 il
LLU'ﬂﬂq'uﬁuﬁ'LﬁUﬁaaa'ﬂﬂ WUTT LA UT Mountain zone (MZ1-MZ3) flAn operational
taxonomic units (OTUs) i 182-474 tags (ALadedl 286.34) warilunnanogfl 474 tags Tu
anilinufegwnensemdes (MZ1) nausesassn Ao ngu Lowland zone (LZ1-L73) §

A" operational taxonomic units (OTUs) 7 125-167 tags (A1adedi 141.34) firlndifeeiu
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n&au Transitory zone 91 123-158 tags (ALadedl 138.67) kagnaugaving Ae Foothill zone
fifnegN 103-127 tags (Aade# 114)
nquvesdsldnnnuluquunuiuay Ymindedduil (nmin 31) wusesnidu 4 ngu

vie) Ao nquUan (Actinopterygii) NaudniaseunAsadl (Amphibia) ngudmidn (Aves) uaz

v 9

< oA

naudniidaegnaieuy (Mammalia) lnglungudniiesgnaleud (Mammalia) Wunguiny

q

uniign fleguszanas 61.35 Wesldud sesamnAe nauuan (Actinopterygi) Sogffasann
12,51 wWesidud nqudniaieunainin (Amphibia) wagnaudeidn (Aves) fuszanm 1.37,
0.12 Wefldud muddu FsuSmnamesnaulainy aunsautsesnidu 3 Suduseiu fo
duau Siluriformes (8.37%) wuvllaanawien lawn Oreoglanis @31 Cypriniformes (4.05%)
wuriatan 4 ana TnewuSinasnnaalunauiliun Raiamas sesasnie Mystacoleucus,
Pethai Wag Devario mudau waganvnepedunyu Gobiformes (0.09%) wuvlinanaifeine
Rhinogobius
TnsusazunasiiannsoansisnuuanesiulungurdaUamuesifudnmy

WANFIUNALOUWDTBMAaznquATTIauand 1T ueonly HowUamnadInLsTAUAIINGS

' '
a adada a A = =

Mnvsa wuihnguAeiFineinduilinnds 70.67 wWeddud diusesses eDNA finulungy
vosUany 23.276 Wodidud uaransavenlafnisunsnszneluuvdniusasseiun
ganndesuivdla (il 32) 1dur Susdiu Cypriniformes Aiflanndla 17.584% Usznaudie
Devario (0.849%) LLWi'ﬂﬁzmsﬂuﬁuﬁ Mountain zone Mﬂﬁqmaqaqmﬁa Foothill zone,
Transitory zone a¥ Lowland zone @U@ U @ 1U Mystacoleucus (14.562%) 1115
uninszaeuazUiuimldflunniulndiAsstu wag Systomus (1.860%) WULNINTZRIENIN
uarlamaulufiud Foothill zone wAnA1991n Raiamas (0.313%) 7ifin1sunsnszaelaniau
A uf Mountain zone 11171 d2udusy Perciformes (4.986%) nuana Rhinogobius
ungnszatslun i it IndiAsstunslasuinaalufi uil Transitory zone uay Sudu
Siluriformes (0.707%) wuana Oreoglanis Tnefimsunsnszareluiiuil Mountain zone #ilu
sfuAUgEINtMaTiiNnT 1,000 1WA uazdenndafudeyalinewangularuiail
fnuluunanhiifnszuaiiluanss uavannzeendiauiiieame

At 33 arumanaiinvesailuudarse fuaugs vosusitusingy Tnewuing
Anumatnvaten1adaninludiufi Mountain zone dudn 3 AudfaA1auvaInrate
TndiAestu Feniiufinaiufeiumezdnuasreshiivinniuiedie Tuituiiguis
ANEINIANTY 1,000 Lums danwaedila uaznseslddreninlidunznounininiile

a a o & A . aa o & A v a
LUSHULNYUNUN UN Tran5|tory zone kag Lowland zone NUANWUENW UN NI1NUNTT
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WasukUaswewraswaztinianssuresuysddimanessuinminnisiuisuwlasves

dsfidinndnsiedeuiivioliegluiiufiduls sessesfouefimeluliunasnndnasionns

ANARLDULD ANAYDINITAAIALARDULS

W Total Tags(avg:142337) M Unclassified Tags(avg:3035) M OTUs(avg:170)
M Taxon Tags(avg:139079) I Unique Tags(avg:223)

1750007

149848
147702

1500004

138819

127063
474

1250004

100000+

Tags Number

75000+
500004

25000+

£
o
i

0

MZ1

MZ2  MZ3

Mountain zone

i e .. 7600
Sm N &L O 0
2 i o o . P as ag o9
e b ag a3 o 2o %3 53 - =3
€n @8 pE g3 B3 83 x = -500
m -0 HE am b e
e
~400
~300
~200
B
100
=
3 [F=)
g B N 2

71 LZ2 73

Lowland zone

TZ TZ2

Transitory zone

FZ1 FZ2 Z3 1 L

Foothill zone

1 FZ3 1 1
1 1 1
1 1 1
1 1 1

(%

dl 1 a a a wva 1 dl 1 o 1 1 L U a 1
AN 30 ‘VI‘LJ’JEJ?J‘quﬂill’]ﬁ']‘uLGUQUQUG]ﬂ’]'i‘U@QﬂEjiJUiS‘UWﬂiVlWUIULL&JU’]LLZLILLﬁ]lI Jarinealng

[n]
m
i

Chordata

Eukanyota
75.35%%, 100.00%

Al 31 nauvesdadirinnnuluguuuiudy Jmingeddual a1nnnsAnwiasall

12.513%, 16.60%

Rhinogobius

Gobiformes . Gobiidae

0.089%, 0.12% 0.089%, 0.12%

Creoglanis

Devaric
Mystacoleucus
Cypriniformes Cyprinidae
1.05%, 5.38% 4.05%, 5.38% Roiamas
Actinopterygii pethio

Dicr Dglllnlf“ae Hoplobatrachus
1.3T6%, 153:“'

Amphibia Anura
13789, 1.83% 1.376%, 1.33%

Siluriformes Sisoridae
53719, 11.11% B.371%, 11.119%

Aopes . Galliformes Phasianidae ™\ . sallus
0.116%, 0.15% 0.116%, 0.15%

Primates

01163, 0.15% St

Hormonidae
Homo

S0.112%, T9.77%

Mammalia

61.305%, B1.42%

Suidas Sus
1.242%, 1.65%

o
[

L AMSY19) ‘ZJ‘U’]WU’EN’NﬂaNUBﬂfﬂo’]U’JuaL’S‘uL@ﬁWU

J12quinN sN10



Mountain zane

Foothill zone

Transitory zone

Lowland zone

Eukaryota
93.952%
100.00%

Actinopten
6%,

23.271

Devario
0.848%,0.90%

{

Mystacoleucus
14.562%,15 50%

‘

Cyprinif
17588 18.79% Cyprmiss
Raiamas
0.313%,0.33%
Systomus
1.860%,1.98%
Perciformes
4986%531% P Rhinagobius
4.986%,5.31%
Siluriformes
0.707%.0.75%

Sisoridae "
0.707%.0.75% Oreoglanis
0.707%,0.75%

Amphibia Anura Dirogossis
118%,1.19% 1.118%.1.19% L1105 1.18% Hoplebatrachus
Chordata 1.118%.1.19%
Aves Galformes Phasianidac
5.040%,5 36% 5. 536% 5 36% Gallus
5.040%,5.36%
Hominidas
58.706%83.55% Homo
‘ . 59.708%,63.55%

Mammalia
64.518%,68.67%

Sus scrofa

of¢
0.000%,0.00%
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1 (% v a 1
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Shannon-Weiner index
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LLmuqﬁmiu,wiﬂizawamaaﬂdmﬂawmﬂuﬁzﬁummqq%aﬁﬁwmuﬁ’wmﬁLLammasﬁ’mﬁ]u
mgﬂ‘vi:uﬂ 14 @na (m‘wﬁl 34) @@ Rasbora, Devario, Mystacoleucus, Parambasis, Tor,
Systomus, Pethia, Oreoglanis, Exostoma, Barilius, Glyptothorax, Pristolepis,
Oreochromis Wag Brachirus

Taglunguusn Tsudangivn (Mountainous species) nuvarviaiuiiasluunas
ianifienemdes (Mountain 1) Feegluiingnenuuisdunuuiluaniiiuiesadl
wutalau 9 4 ana A9 Oreoslanis, Exostoma, Barilius wag Glyptothorax d@1udn 2 0 R
#emn (Mountain 2) wagseuiiu (Mountain 3) iuiiuifieglumiuiigasufuuidngs
AUBIABLAEYININTTNEATIULMAAING1IEUNTaNUUANGN Devario, Mystacoleucus @z
Rasbora (1N 34) IﬂwﬁmﬂmﬁLﬂaﬁsﬁaqwuluzjuwainLLam Ao Oreoglanis (O. siamensis),
Exostoma (E. peregrinator), Barilius (B. pulchellus) waz Glyptothorax (G. trilineatus wag
G. lampris) Wnewang O. siamensis wag E. peregrinator \Ju 2 siafinulufiufisiinlag
yiausniissnunaluiufinosduund dwaded 2 awsonulfanzquiiusuduyiny
yiafinudenndosivanimuindeuiififonisuatiuss PONTLAUG HIMTNaUUNAALFR
laifinseqndunds Faduomsdmsvriavanvand (sl 42) desfendud 2 fo dau
imuuﬁ' 2 Yang a1 (Foothill species) WUIJangﬂmm 5dna Ao Systomus, Pethia,
Devario, Parambasis, wa¢ Mystacoleucus hae Gﬁﬂﬁﬂjﬁmﬂ'uaq 2 aqaﬁa Pethia wag
Systomus ImwﬁmﬂmﬁLﬂaﬁﬁwaqwuiuzﬂ;uﬁwLLgiLLdu Ao Pethia stiliczkanus Wag Systomus
rubripinnis Tt 2 ¥iin fnsindoufiduassznineiniuagnarsiuasAunguuuasuuin
Sniduewns (maefl 42) wagnquil 3 Yardaasn (transitory species) wudanviavian 6

@na Av Brachirus, Tor, Rasbora, Parambassis, Mystacoleucus Wwag Devario FetwiaLey

P

8¢ 3 anafe Rasbora, Tor wav Brachirus tnevlinUaineilsnenuluguuinainiuwaz il

54

Y9 Aod na Rasbora (R. paviana), Tor (T. tambroides) way Brachirus (B. harmandi) Wu

anuanatnwlunwi i ndeyadrinensdausmiduridafedq dusuanduemis

(3

(Insectivores) @1udn 2 viandsanuisadulaafisnazdntiduainis (Omnivores) wazann

[ a A 1 v za ! YR a ~ I
aﬂ‘t}mgﬂ’lﬁ‘WWE]’Wi’lﬁLLaSOUVlE]QE]']ﬁEJﬂlIﬂ’J']iJLL(?]ﬂGINﬂUWﬂ 3 YUn (M54 42) A Rasbora

1%
o v a

(R. paviana) \Hularfiendeusnuiaui endeduwuaaduens Tor (T, tambroides) 1du
A Ao al d' a8 ) P a a .
yianinsiedeuiluuszrninelauiuasNuvissuniinisiue misiiviainvaiewas Brachirus
(B. harmandi) enfgegfiunaiin1usUTeanYMEkaraITAN UM SAVA N B U
LazanveAeng ula1i us1u (Lowland species) Wu 5 @na Ao UYaingy Pristolepis,

Oreochromis, Mystacoleucus, Parambassis wa¢ Rasbora TAgNUNNINGVINLAZLVUINEN
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Tuiluiisudnlngjasnudarsualng G?fqmﬂmsﬁﬂmﬂégﬁwuaqaﬁimL@iuagj 2 ¥iln Ao
Pristolepis fasciatus Wwag Oreochromis niloticus we 2 1Wuvandt Tnnsadsud 9 uas
paeanakaziinueamusen1siUasunlawesdsindeuldn USuRilaaTaiesemsiiny
Ifvannvane dmsudan O, niloticus \dudardsduitidmnionsimegiuguasiing
uwnsnszeilunuiiuldie wagludwatana Mystacoleucus (M. obtusirostris) @15150
wuldlunnanuil \Juvarifinnuesmudenmsiasuiawesdunndenldd luvueiana
Devario (D. annandalei) dn15unsnsganglulangivn (Mountain zone) i 9LUn50868
(Transitory zone) Jurilaierdeusnaiing erfousandueins Seindinnuseulmse
MaUasuulas (13197 42) dmsuana Parambassis (P. siamensis) liflu Mountainous

zone Uagnuana Rasbora ledesluuTianuguunaiuiu (nni 35-36)
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M1519% 422 nsudanguuamuuraiinba seRuNsiueIns ALeany egedy uas

anuglu IUCN vasualuguuiuaiuay

No. Family/ Species Origin Trophic group Tolerance Habitat IUCN status
Osteoglossiformes
Notopteridae
1 Chitala omata (Gray, 1831) Na® CA*' TO wc? LC
2 Notopterus notopterus Pallas, 1769 Na’ CAV %32 TO? wc’ LC
Cypriniformes
Cyprininae
3 Paralaubuca typus Bleeker, 1865 Na® IN?© I PG’ LC
a4 Barilius pulchellus (Smith, 1931) Na® IN" 22 e PG * LC
5 Devario annandalei (Chaudhuri, 1908) Na’ IN' T PG &7 LC
6 Discherodontus schroederi (Smith, 1945) Na® ON"?? T wc? LC
7 Riamas guttatus (Day, 1870) Na® CA® I’ PG’ LC
8 Rasbora paviana Tirant, 1885 Na® INY 2 I PG> LC
9 Amblyrhynchichthys truncates (Bleeker, 1850) Na® IN* I’ wc? NE
10 Barbonymus gonionotus (Bleeker, 1849) Na® ON"222 TO* wc*® LC
11 Barbonymus schwanenfeldii (Bleeker, 1854) Na® ON? TO%' wc? LC
12 Cyclocheilichthys repasson (Bleeker, 1853) Na’ IN? e wc? LC
13 Garra cambodgiensis (Tirant, 1884) Na® ONV %2 ITe BT LC
14 Hampala macrolepidota Kuhl & van Hasselt, 1823 Na® CA?*? TO' wc? LC
15 Henicorhynchus siamensis (Sauvage, 1881) Na’ ON"?® I’ wc? LC
16 Labeo chrysophekadion (Bleeker, 1849) Na® ON *7 I’ BT LC
17 Labiobarbus leptocheilus (Valenciennes, 1842) Na* ON? I’ BT LC
18 Mystacoleucus obtusirostris (Valenciennes, 1842) Na® IN*2 TO* ¢ wc? LC
19 Neolissochilus stracheyi (Day, 1871) Na® ON"?2 I wc? LC
20 Poropuntius bantamensis (Rendahl, 1920) Na® ON? T wc? LC
21 Puntioplites proctozysron (Bleeker, 1864) Na ON 22 ) wc*?® LC
22 Puntius brevis (Bleeker, 1849) Na® INY22 T wc? LC
23 Systomus rubripinnis (Valenciennes, 1842) Na® IN" 22 m? wc >? DD
24 Pethia stoliczkana (Day, 1871) Na® IN? I’ wc? LC
25 Scaphiodonichthys acanthopterus (Fowler, 1934) Na® IN® T’ BT’ LC
26 Tor tambroides (Bleeker, 1854) Na® ON"?? e wc’ DD
Botiidae
27 Syncrossus beauforti (Smith, 1931) Na’ IN'?? I BT’ NT
Balitoridae
28 Balitora brucei Gray, 1830 Na® IN? T BT’ NT
29 Homalopteroides smithi (Hora, 1932) Na® INY 23 T BT LC
30 Pseudohomaloptera leonardi (Hora, 1941) Na® INb23 ITe BT LC
Nemacheilidae
31 Physoschistura chulabhornae Suvarnaraksha, 2013 Na ON T BT LC
32 Schistura breviceps (Smith, 1945) Na® N3 T BT*® DD
33 Schistura bucculenta (Smith, 1945) Na® IN">2 e BT’ LC
34 Schistura geisleri Kottelat, 1990 Na® IN? T BT LC
35 Schistura spilota (Fowler, 1934) Na® N3 T BT DD
36 Schistura waltoni (Fowler, 1937) Na® IN ?° e BT DD
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No. Family/ Species Origin Trophic group Tolerance Habitat IUCN status
37 Schistura maejotigrina Suvarnaraksha, 2012 En’ IN #2 N BT LC
38 Schistura pridii Vidthayanon, 2003 En’ IN 22 I BT EN
Siluriformes
Siluridae
39 Kryptopterus cryptopterus (Bleeker 1851) Na’ IN? T wc? LC
40 Phalacronotus bleekeri (Gunther, 1864) Na® AT T pC? LC
41 Wallago attu (Bloch & Schneider, 1801) Na’ CA*S T wc? NT
Pangasiidae
42 Pangasius macronema Bleeker, 1850 Na® ON? T wc? LC
43 Pangasius polyuranodon Bleeker, 1852 Na® ON*7 T wc? LC
Bagridae
44 Hemibagrus spilopterus Ng & Rainboth, 1999 Na® CA® TO BT LC
45 Mystus singaringan (Bleeker, 1846) Na® A" TO? BT’ LC
Sisoridae
46 Bagarius yarrelli Sykes, 1839 Na® CA® T BT’ NT
ar Exostoma peregrinator Ng & Vidthayanon, 1014 En’ IN? (I BT’ DD
48 Oreoglanis siamensis smith,1933 Na® IN? I BT’ EN
49 Glyptothorax trilineatus Blyth, 1860 Na® foa 24 I BT LC
50 Glyptothorax lampris Fowler, 1934 Na® CA"?? I BT LC
Gobiiformes
Ambassidae
51 Parambassis siamensis (Fowler, 1937) Na® CcAlZ35 TO° wc? LC
Cichliformes
Cichlidae
52 Oreochromis niloticus (Linnaeus, 1758) AN ON'? TO® we? LC
Cyprinodontiformes
Poeciliidae
53 Gambusia affinis (Baird & Girard, 1853) AP ON’ TO' PG’ LC
Synbranchiformes
Synbranchidae
54 Monopterus albus (Zieuw, 1793) Na® IN %2 TO*? BT LC
Mastacembelidae
55 Macrognathus siamensis (Gunther, 1861) Na IN 1235 TO° BT LC
56 Macrognathus taeniagaster (Fowler, 1935) IN BT LC
57 Mastacembelus armatus (Sykes, 1839) Na® INY23 TO° BT LC
Gobiiformes
Gobiidae
58 Rhinogobius chiengmaiensis Fowler, 1934 Na IN"2 IN BT LC
Eleotridae
59 Oxyeleotris marmorata (Bleeker, 1852) Na ON 22 IN BT LC
Anabantiformes
Osphronemidae
60 Trichopsis vittata (Cuvier, 1831) Na® IN"? To’ PG’ LC
Channidae
61 Channa gachua (Hamilton, 1822) Na® CAM? TO? wc? LC
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No. Family/ Species Origin Trophic group Tolerance Habitat IUCN status

62 Channa striata (Bloch, 1793) Na® cAM 23 TO? wc? LC
Pistolepididae

63 Pristolepis fasciatus (Bleeker, 1851) Na® ON *? TO’® wc? LC
Pleuronectiformes
Soleidae

64 Brachilus harmandi (Sauvage, 1878) Na® ON*7 IT BT? LC
Perciformes
Toxotidae

65 Toxotes siamensis Kottelat & Tan, 2018 Na® IN? I PC? LC

Remark: Origin (En= endemic species, Na=Native species and Al. = Alien species), Trophic group (ON= omnivores, IN= insectivores, and

CA= carnivores), Tolerance (IT=intolerant species, TO=tolerant species), Habitat (PG = pelagic species. WC= water column species. BT=

bottom species), Altitude distribution (MT= mountainous species, PM=piedmont species, TS= transitory species, LL= lowland species) IUCN

red list status (DD=Data deficient, LC= Least concern, NT= Near threatened, VU= Vulnerable, EN= endangered, CR= critically endangered,

NE=not evaluated)

Note: The number in exponent corresponds to the following reference; 1. Suvarnaraksha (2003); 2. Suvarnaraksha (2011); 3.
Suvarnaraksha (2017); 4. Vidthayanon (2017); 5. Rayan andNgamsnae (2014); 6. IUCN (2020); 7. Fishbase and 8. Information from

expert
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Abstract: A fish-based index of biotic Integrity (Fish-IBl) was developed for the
aquatic resource’s environment of a tropical reservoir: case of Mae Ngad reservoir,
Chiang Mai province. A survey of the fish assemblage was conducted in 2002 to 2003
and 2019 by using a variety of methods, including electro-fishing devices and gillnet of
various mesh sizes. In total, 14,505 fish specimens were collected, belonging to 67
species of 10 orders and 22 families. We designed and applied 18 metrics due to the
differences between the fish faunas of Thailand and other regions including species
richness and composition, tolerant, trophic composition, abundance and individual
condition. Scores for each of the 18 metrics were summed to provide an index value
ranging from 18 (worst) to 90 (best) for each fish community sample, which can be
used to determine the relative health of the site. Results for F-IBI in the Mae Ngad
reservoir in 2019 showed score at 38 which is fair. The fish-based index presented
herein could serve as a tool for assessing the ecological quality of natural lakes at
broad geographical scale and also in reservoirs with similar hydromorphological

characteristics

Keywords: Ecological indicators, metrics, fish assemblages, species richness

indicator, habitat quality

INTRODUCTION

Anthropogenic disturbances within watersheds, streams, and lakes such as
urbanization, and agriculture have altered Thailand waters and waters worldwide (NEL
et al., 2010; Strayer & Dudgeon, 2010). Determination of water quality has historically
been primarily determined from measures of chemical and physical characteristics [3],
but such assessments may not be an adequate reflection of the impact of human
disturbance on the biotic integrity of such systems (Beck & Hatch, 2009; Karr, 1981; D.

T. Nelson, 2017). The monitoring of biological communities was encouraged mainly
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after the acceptance that; (a) biological communities respond to long-term
environmental conditions and reflect more accurately the “health” of the ecosystem
determined by chemical, physical and biological parameters and (b) biological
communities resound the effects of the synergy of many pressures (Petriki et al., 2017).

The Index of Biotic Integrity (IBI) has developed as an effectual tool for
monitoring aquatic ecosystem health. It was the first to be generated using fish-based
indices to numerically express the “health” of aquatic ecosystems. The IBI describes
associations between human influences and biological attributes (Lopa et al., 2011)
and is useful for estimating ecosystem health because the structures of resident
communities principally reflect abiotic conditions which assemble over time (Cooper
et al, 2018). The IBIl, as introduced, has developed as an effective indicator for
monitoring aquatic ecosystem absoluteness. Although its origin was as a tool for
biological monitoring of running waters, the 1Bl has newly seen increased modification
and adaptation for its use as an assessment tool for lake or reservoir monitoring (Beck
& Hatch, 2009). The IBI was first created using fish-based indices to numerically express
the “health” of aquatic ecosystems. Fish are particularly advantageous as biological
indicators for several reasons. Fish communities are a reflection of the cumulative
effects of natural and human-caused influences on rivers and other water resources.
Fish communities are composed of a wide array of trophic guilds and can indicate
watershed impairments to aquatic food webs (D. T. Nelson, 2017), responding
predictably to changes in many abiotic factors, for example, organic enrichment,
habitat transition, chemical toxicity, and transformed landscape structure (Beck &
Hatch, 2009; Karr, 1981; Karr et al., 1986).

To date, most IBIs have been created for lotic systems due to the relative ease
of their development and application(D. T. Nelson, 2017). These indices are created
based on what fish communities would be expected under relatively undisturbed
conditions (D. T. Nelson, 2017; Whittier, 1999). The IBI was first used to assess the biotic
integrity of surface water in Midwestern streams and rivers (Karr, 1981). This was the
first development of a multimetric procedure to assess the biotic integrity of aquatic
ecosystems. The IBl includes metrics concerning number, composition, tolerance, and

health of the species assessed (Souza & Vianna, 2020). In early studies, the IBl was
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modified for regional usage, and is now considered an acceptable tool for the
evaluation of ecosystem health. It has also been widely modified for usage
internationally (Lydy et al., 2000). Most fish-based indices are derived from the original
IBl and are popular in America (Cooper et al., 2018; Krause et al,, 2013; Lenhardt et al,,
2009; D. T. Nelson, 2017; Seilheimer & Chow-Fraser, 2006) Canada(Stevens & Council,
2008), New-Zealand (Joy & Death, 2004), Africa(Hocutt et al., 1994; Hugueny et al,,
1996; Kamdem Toham & Teugels, 1999), Brazil (Terra & Araujo, 2011), Argentina (Hued
& Bistoni, 2005) and Europe (Argillier et al., 2013; Franco et al,, 2009; L. Launois et al,,
2011; Lionel Launois et al., 2011; Lenhardt et al., 2009; Olin et al., 2013; Petriki et al.,
2017). In Asia, the fish-based index is available only from Pakistan (Qadir & Malik, 2009),
Iran (Mostafavi et al.,, 2015), Turkey (Ergdnul et al.,, 2018), Japan (Lopa et al.,, 2011),
China (Chen et al., 2020; Huang et al., 2013; T. Li et al,, 2015; SHI et al., 2020; Wu et
al,, 2014), Taiwan(Hu et al,, 2007) and Thailand (Rayan & Ngamsnae, 2014). Most
adaptations are based on the suggestions of Karr (Karr, 1981; Karr et al., 1986), where
alterations were used in the composition of fish assemblages to assess effects of
anthropogenic perturbations (Bozzetti & Schulz, 2004).

The Mae Ngad Somboonchon reservoir is a small artificial reservoir in Cho Lae
Sub-district, Mae Taeng District, Chiang Mai Province. The reservoir is of earth-fill type.
It was constructed during the time from 1977 to 1984 on the Mae Ngad River (Thapanya
et al,, 2015). The development of a lentic fish-based IBI is timely in Mae Ngad
Somboonchon reservoir for several reasons. First, it has not been made in the
development of lotic IBI for reservoirs in northern Thailand before. Secondly, recent
watershed land use changes may be influencing water quality in the reservoir.
Presently, reservoirs designated for fishery and aquatic life have beneficial uses.
Continued watershed degradation is influenced by urban and agriculture activities and
tourism, increasing consumption of water resources as well as natural processes. The
Mae Ngad reservoir of northern Thailand has great economic and biological values, but
it is being degraded at an accelerating rate. An investigation of fish assemblages in the
Mae Ngad Somboonchon reservoir was conducted in 2004 (Suvarnaraksha, 2004) and
the study focused on the diversity of fish. No studies have evaluated the ecosystem

health based on fish assemblages.
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The aim of the present study is to develop and apply the fish index of biotic
integrity for the assessment of the ecological health quality for a stagnant water

ecosystem health and provide a baseline for future water quality assessments.

MATERIALS AND METHODS

Study area

The Mae Ngad Somboonchon reservoir is in Mae Taeng District, Chiang Mai
province of Northern Thailand (19° 15.18 N, 099° 03.35E to 19° 15.25N, 099° 17.43E).
It was dammed across a first order stream, the Mae Ngad, for multiple purposes such
as hydroelectric power and irrigation. Its elevation ranges from 412 to 425 m ASL with
a catchment area of 1309 km? The dam is 59 m hish and 1,950 m long, and the
reservoir covers the area of 16 square km. The mean water depth of the reservoir area

is 30 m with a mix of clay and silt at the bottom (Suvarnaraksha, 2004).

Fish data

The databases at the Maejo Aquatic Resources Natural Museum (MARNM),
containing fish community data from Mae Ngad reservoir, were used to select metrics,
estimate reference values, and set scoring criteria for the deviation from reference
conditions. Fish data were collected from 11 different sites of the Mae Ngad Reservoir
(Fig. 1 and Table 1). Surveys occurred between October 2002 and September 2003
(development data) (Suvarnaraksha, 2004) and in 2019 (independent validation data).

Fish assemblage data were obtained by electric fishing (Honda EM 650, DC 220
V. 550VA 450VA, 1.5-2 A, 50 Hz.) in 100 m? per sampling site and from fishermen using
gillnet of various mesh sizes of (6, 15, 30) cm. Collected fishes were identified in the
field, measured for total length (mm.), counted, and living fishes were put back into
the water. Species that could not be identified in the field were preserved in 10%
formalin for a month and transferred to serial diluted ethanol (30% 50%) and finally
preserved in 70% ethanol (Suvarnaraksha, 2011). Specimens were deposited at the
MARNM for re-checking before being taxonomically identified into species. The
specimens were identified following Smith (Smith, 1945), Robert (Roberts, 1993),
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Rainboth (Rainboth, 1996), Kottelat (Kottelat, 1985, 2013), Taki (Taki, 1974),
Vidthayanon (Vidthayanon et al., 1997), Nelson (J. S. Nelson et al., 2016), So (So et al,,
2018), and Suvarnaraksha (Suvarnaraksha, 2004, 2011, 2017, 2018; Suvarnaraksha et al.,
2012).

Development and application of fish index

Fish were attributed to guilds based on a literature review and were categorized
according to their origins, tropic composition, habitat composition and tolerance to
environmental degradation (Table 2). The classification of species as ‘native’ and
‘exotic or local alien” was based on historical and archaeological records. They were
defined according to Suvarnaraksha (Suvarnaraksha, 2004) and Vithayanon
(Vidthayanon, 2017). Species were categorised according to their tolerance for oxygen
deficiency and habitat structure degradation such as shoreline bank modifications
(Breine et al,, 2015). For tropic composition, it was divided into three groups: (1)
omnivore, diet usually more than 25% plant material and more than 25% animal
material (Karr, 1981; Karr et al., 1986; Lenhardt et al., 2009; Raburu & Masese, 2012);
(2) insectivore, eat nymph insect or small organisms in or on the surface layer of the
substratum and associated organic matter (Khalaf & Kochzius, 2002) and (3) carnivore,
diet usually more than 75% animal material (Lenhardt et al., 2009; Raburu & Masese,
2012). Habitat composition included pelagic species, water column species, bottom
species, and rocky and stone, sandy and gravel and silty to muddy species based on
direct observation and also on literature (Lenhardt et al., 2009; Rayan & Ngamsnae,
2014; Suvarnaraksha, 2011, 2017). Information on tolerance and intolerance also relied

on literature (IUCN, 2020; Rayan & Ngamsnae, 2014; Suvarnaraksha, 2011, 2017).
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Table 1 Description of the sampling sites in the Mae Ngud Somboonchon Reservior

(Suvarnaraksha, 2004)

No. Site code. Coordinates Description of substrates Elevation (m a.s.l.)
1. Paeplatip 19° 11' 55.7"N 99° 07' 07.6"E M, S a17
2. Huay maesoon 19° 14' 46.8"N 99° 10' 15.5"E 56 425
3, Huay maecord 19° 09' 54.7"N 99° 04' 54.1"E 56 415
a. Huay maepaeng 19° 14' 33.9"N 99° 08' 58.8"E M 416
5. Huay mae-gwua 19° 11' 12.7"N 99° 07' 03.6"E M 423
6. Huay ton-tong 19° 12' 46.6"N 99° 07' 28.6"E S 418
7. Huay tonyang 19° 12' 01.3"N 99° 06' 23.7"E R 421
8. Huay maejok 19° 10' 04.9"N 99° 05' 45.5"E M, 'S 420
9. Huay pha-gup 19° 10' 52.1"N 99° 04' 47.8"E RGS 419
10.  Huay punwa 19° 09' 25.6"N 99° 04' 22.3"E M, S 415
11. Huay chomphu S,G 415

19° 11' 16.9"N 99° 02' 05.7"E

Note Bottom type: R=Rocky, G=Gravel, S =Sand, M=Muddy
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Fish-IBI metric

The original metric IBI was calculated for each sample site and scored from
Maximum Species Richness Lines (MSRL) (Karr et al., 1986). Metrics were scored as 5,
3, or 1 if their data deviated slightly from, or were markedly different from reference
conditions. Fish-IBI metric for Mae Ngad reservoir was an adaptation of Karr’s (Karr,
1981) original IBI and required deletion adjustment or inclusion of new metrics more
appropriate for subtropical conditions, but the IBI conceptual model is suited to such

modification(Hughes & Oberdorff, 1998).

Scoring

In the studies of Karr (Karr, 1981; Karr et al., 1986), Fausch (Fausch et al., 1990),
Liu (T. Li et al,, 2015), and Shi (SHI et al., 2020) the scores were classified into 6 grades
indicating “‘Excellent’” to ““No fish”” from high score to low score where the score
values ranged from 0 to 60. In this case, the underlying concepts of the hypothetical
reference score method (Chen et al., 2020; HaRa et al., 2019; Krause et al., 2013; T. Li
et al,, 2015; Lyons, 2006; Sapounidis et al., 2017; Souza & Vianna, 2020; Wu et al., 2014,

Zogaris et al., 2018) was used.

RESULTS
Fish assemblages

During the survey, 14,505 individuals of fishes belonging to 22 families, 10 order
and 67 species were collected. The survey found tolerance (23 species), intolerance
(44 species), omnivores (16 species), insectivores (35 species), carnivores (16 species),
pelagic (8 species), water column (26 species), bottom (10 species), rocky and stone (4
species), sandy and gravel (7 species), silty to muddy (12 species), hybrid species (2

species), native species (56 species), and alien species (8 species) (Table 2)

Fish-IBI metric for Mae Ngad reservoir
The metric was designed from our characterizations of the 67 fish species (Table
2) and used separated assemblage metrics and two categories based on biological

parameters and environmental parameters. The biological parameters comprised
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diversity parameters i.e. species richness, diversity index, and dominant index; fish
status i.e. hybrid species, native species and alien species; tropic composition i.e.
percent of omnivores, insectivores and carnivores. Environmental parameters included
habitat composition i.e. pelagic species, water column species, bottom species, rocky
and stone species, sandy and gravel species and silty to muddy species; fish health i.e.
intolerant species, tolerant species and disease health or anomalies, and in total 18
metrics were constructed as the reference conditions. Eleven metrics; i.e. species
richness, hybrid species, native species, omnivores, insectivores, carnivores, water
column, bottom species, intolerant species, tolerant species and disease health or
anomalies from Karr (Karr, 1981) were adopted. Seven new modified metrics i.e.
dominant species, diversity index, alien species, pelagic species, rocky and stone
bottom species, sandy and gravel bottom species and silty to muddy bottom species

were then added into the 18 metrics.

Scoring of Mae Ngad reservoir

In this study, we used a 1, 2, 3, 4, and 5 scaling system. For these metrics, a
frequency distribution of value was generated. The values of the 75" percentiles (for
a metric in which high value indicated high quality) or 25™ percentiles (for a metric in
which low value indicated high quality) were identified. The values less than the 25™
percentiles were scored as “1” to represent very poor, values over the 25" percentiles
but less than the mean were scored as “2” to represent poor, values between the
25" and 75" percentiles were scored as “3 to represent fair, values over the mean but
less than 75" percentiles were scored as “4” to represent good, and values greater
than or equal to the 75™ percentile were scored as “5” to represent excellent.

Finally, scored metrics were summed and then scaled as necessary to produce
an index with scores ranging from 18 (worst) to 90 (best). As a guide to interpreting the
final scores, the scoring classes for environmental quality were: 18, very poor condition;
19-36, poor condition; 37-54, fair condition; 55-72, good condition; and 73-90, very
good condition. Therefore, the classification of biological integrity and their attributes
corresponding to F-IBI scores based on the sum ratings was obtained as shown in Table

3.
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Fish-IBI evaluation

F-IBI index systems were established for the Mae Ngad reservoir, based on the
data of Table 2, and the scoring method was as introduced above. Table 4 shows
the evaluation results.

1) Species richness reflected degradation of natural, or from activity of human
for example a low species richness in the high altitude reflects the low variability of
food supplies Suvarnaraksha (Suvarnaraksha, 2011). The results showed a species
richness at 20 species, scoring is 1.

2) Diversity index result showed a diversity index at 0.67, scoring is 1.

3) Dominant index. The result showed a dominant index at 0.78, scoring is 5.

4) Percentage of native species included 56 species e.¢. Barilius koratensis

and Danio albolineatus. This study found the percentage of native species at 90.38
%, scoring as 2.
5) Percentage of alien species included 2 groups 1) exotic alien species i.e. Oreochromis
niloticus, Oreochromis hybrid, Clarias hybrid, Cyprinus carpio, Labeo rohita and
Pterygoplichthys disjunctivus and 2) local alien species (released species) to the
reservoir i.e. Leptobarbus rubripinnis, Pangasianodon hypophthalmus and
Pangasianodon gigas for food and Channa micropeltes for game fish. This study found
the percentage of alien species at 5.56 %, scoring as 2. Channa micropeltes was the
largest carnivorous fish in the reservoir.

6) Percentage of hybrid species included these 2 i.e. Clarias hybrid and
Oreochromis hybrid from aquaculture. This study found the percentage of hybrid
species at 4.07%, scoring as 2.

7) Percentage of omnivore species included 16 species e.g. Barbonymus
gonionotus, Labiobarbus lineata, Henicorhynchus siamensis and Puntioplites
proctozysron. This study found the percentage of omnivore species at 2.94 %, and the
score is 4.

8) Percentage of insectivores included 35 species e.g. Barilius koratensis,

Discherodontus schroederi, Lepidocephalichthys hasselti, Pseudohomaloptera
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sexmaculata and Schistura poculi. This study found the percentage of insectivore
species was 84.14 % scoring as 4.

9) Percentage of carnivores included 16 species e.g. Notopterus notopterus,
Hampala macrolepidota, Hemibagrus spilopterus, Clarias batrachus, Anabas
testudineus, and Channa striata. This study found the percentage of carnivore species
at 12.92 %, and the score is 2.

10) Percentage of pelagic species included 8 species e.g. Barilius koratensis,
Danio albolineatus, Esomus metallicus, Rasbora myersi, Rasbora paviana,
Xenentodon cancila. This study found the percentage of pelagic species at 2.98 9%,
scoring as 1.

11) Percentage of water column species included 26 species e.g. Cirrhinus
cirrhosa, Labiobarbus lineata, Cyclocheilichthys armatus, Hampala macrolepidota,
Henicorhynchus siamensis, Mystacoleucus marginatus, Neolissochilus stracheyi and
Puntioplites proctozysron. The percentage of water column species was 90.06 %, and
the score is 2.

12) Percentage of bottom species included 10 species e.g. Labeo
chrysophekadion, Labeo rohita, Pterygoplichthys disjunctivus, Hemibagrus spilopterus,
Pseudomystus siamensis, Mystus mysticetus and Mystus singaringan. The percentage
of bottom species was 0.98 %, and scoring is 2.

13) Percentage of rocky and stone species included 4 species i.e. Garra
cambodgiensis, Homalopteroides smithi, Balitoropsis zollingeri and Glyptothorax
trilineatus. This study found the percentage of rocky and stone species as 3.37 %,
scoring as 2.

14) Percentage of sandy and gravel species included 7 species e.g. Nemacheilus
binotatus, Amblyceps foratum, Macrognathus siamensis, Mastacembelus armatus and
Mastacembelus tinwini. The percentage of sandy and gravel species was 1.94 %, and
the score is 1.

15) Percentage of silty to muddy species included 12 species e.g. Syncrossus
beauforti, Aperioptus gracilentus, Acantopsis thiemmedhi, Lepidocephalichthys
hasselti and Pangio anguillaris. The percentage of silty to muddy species was

reported as 0.68 %, scoring as 1.
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16) Percentage of intolerant species included 44 species e.g. Barilius
koratensis, Discherodontus schroederi, Garra cambodgiensis, Neolissochilus stracheyi,
and Homalopteroides smithi. In this study, percentage of intolerant species was
23.11 %, and the score is 2.

17) Percentage of tolerant species included 23 species e.g. Notopterus
notopterus, Barbonymus altus, Clarias batrachus, Oreochromis niloticus, Monopterus
albus and Parambassis siamensis. In this study, percentage of tolerant species was
76.89 %, scoring as 3.

18) This study found that the number of disease health was 4, and the score
is 2.

The IBI values for Mae Ngad reservoir was 36, which meant it was dominated
by omnivores, alien species, and pollution-tolerant forms, habitat generalists, growth
rate, and condition factors commonly depressed. The condition can be evaluated as

““fair’’ (Table 4).



Table 2. Classification of fish assemblages encountered during the study in terms of origin, trophic group, tolerance and
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habitat
Family /Species Origin Trophic group Tolerance Habitat IUCN status
Osteoglossiformes
Notopteridae
Notopterus notopterus (Pallas, 1769) Na’ CALZ3S TO? wc? LC
Cypriniformes
Cyprininae
Barilius koratensis (Smith, 1931) Na’ INb 23 T PG* LC
Barilius pulchellus (Smith, 1931) Na’ INt 22 T PG * LC
Danio albolineatus (Blyth, 1860) Na’ INb 23 TO" PG* LC
Esomus metallicus Ahl, 1923 Na’ INV23 T’ PG* LC
Rasbora myersi (Bleeker, 1851) Na’ Nt 22 I’ PG> -
Rasbora paviana Tirant, 1885 Na’ IN22 I’ PG* LC
Barbonymus altus (Gunther, 1868) Na’ ON!23%5 TO? wC? LC
Barbonymus gonionotus (Bleeker, 1850) Na’ ON'?2% I wc*® LC
Cirrhinus cirrhosa (Blotch, 1975) A IN® I wc?® VU
Labiobarbus lineata ( Sauvage, 1878) Na® ON!2% T wC? -
Cyclocheilichthys armatus (Valenciennes, 1842) Na’ ON"2° i wc? LC
Cyprinus carpio Linnaeus, 1758 Az ON"22 " wc? VU
Discherodontus schroederi (Smith, 1945) Ed* IN"2 I’ wc '’ LC
Garra cambodgiensis (Tirant, 1884) Na’ ON' 22 e RS’ LC
Hampala macrolepidota Kuhl & van Hasselt 1823 Na’ CAYAPY Im" wc? LC
Henicorhynchus siamensis (Sauvage 1881) Na’ ON'?° Im" wc>® -
Labeo chrysophekadion (Bleeker, 1849) Na’ ON"? I’ BT® LC
Labeo rohita (Hamilton, 1822) Al235 INY25 I’ BT® LC
Mystacoleucus marginatus (Valenciennes, 1842) Na’ IN*? TO*¢ wc? LC
Neolissochilus stracheyi (Day, 1871) Na’ ON*2 T wc® LC
Puntioplites proctozysron (Bleeker, 1865) Na’ ON'*® I wc*® -
Pethia stoliczkana (Day, 1871) Na’ IN? (i} wc? -
Puntius brevis (Bleeker, 1849) Na' IN'22 [ wc*® LC
Systomus rubripinnis (Valenciennes, 1842) Na’ INt 22 IT° we *® -
Botiidae
Syncrossus beauforti (Smith, 1931) Na’ IN® 22 I SV NT
Yasuhikotakia morleti (Tirant, 1885) Na’ INgE™ i SV LC
Cobitidae
Aperioptus gracilentus (Smith, 1945) Na’ IN? Im" SM” LC
Acantopsis rungthipae Boyd, et al., 2017 Na’ IN22 I’ SV LC
Acantopsis thiemmedhi Sontirat, 1999 Na’ INt23 IT® SV DD
Lepidocephalichthys hasselti (Valenciennes, 1842) Na’ IN?2 TO? SV LC
Pangio anguillaris (Vaillant, 1902) Na’ IN-2 Im" SV -
Balitoridae
Homalopteroides smithi (Hora 1932) Na’ IN'22 T RS? LC
Balitoropsis zollingeri (Bleeker 1853) Na’ IN“2 T RS’ LC
Nemacheilidae
Tuberoschistura baenzigeri (Kottelat, 1983) Na’ INt2 IT® SV LC
Nemacheilus binotatus Smith, 1933 Na' IN® 22 I SG? DD
Schistura poculi (Smith, 1945) Na’ INY23 IT® SV LC
Schistura sexcauda (Fowler, 1937) Na' IN#2 I M7 LC
Schistura waltoni (Flowler, 1937) Ed* IN%2 IT® SV DD
Siluriformes
Loricariidae
Pterygoplichthys disjunctivus Smith, 1933 AZ? ON? TO" BT -
Pangasiidae
Pangasianodon hypophthalmus (Sauvage, 1878) Al ON' I BT® EN
Pangasianodon gigas Chevey, 1931 A2 ON! T BT® CR
Bagridae
Hemibagrus spilopterus Ng & Rainboth, 1999 Na’ cA® I BT® LC
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Pseudomystus siamensis Regan, 1913 Na’ CA %3 Im" BT LC
Mystus mysticetus Roberts, 1992 Na’ CAl %35 I BT LC
Mystus singaringan (Bleeker, 1846) Na’ CALZ35 TO? BT LC
Amblycipitidae
Amblyceps foratum Ng & Kttlelet, 2000 Na’ CA*? I SG* LC
Sisoridae
Glyptothorax trilineatus Blyth, 1860 Na’ CAM? IT? RS’ LC
Clariidae
Clarias batrachus (Linnaeus, 1758) Na’ CA%° TO® SG* LC
Clarias hybrid Hy' and A>® CA-? TO’ SG’ -
Gobiiformes
Eleotridae
Oxyeleotris marmorata (Bleeker, 1852) Na’ CA? T we ? LC
Cichliformes
Cichlidae
Oreochromis niloticus (Linnaeus, 1758) Al ON'2 TO® we® LC
Oreochromis hybrid Hy' and A2 ON"? TO’ wc® -
Beloniformes
Belonidae
Xenentodon cancila (Hamilton, 1822) Na’ CAL®> I’ PG* LC
Synbranchiformes
Synbranchidae
Monopterus albus (Zieuw, 1793) Na’ IN*2 TO*? SM® LC
Mastacembelidae
Macrognathus siamensis (Gunther, 1861) Na’ INt 235 TO® SG® LC
Mastacembelus armatus (Lacepéde, 1800) Na’ IN2 2 JIo2 SG’ LC
Mastacembelus tinwini Britz, 2007 Na’ IN? TO" SG* LC
Anabantiformes
Anabantidae
Anabas testudineus (Bloch, 1792) Na' CAb %2 T0° wc DD
Osphronemidae
Osphronemus goramy Lacepéde, 1801 Na’ ON 122 TO’ wc? LC
Trichopsis vittata (Cuvier, 1831) Na’ INt2 TO' PG’ LC
Trichopodus trichopterus (Pallas, 1770) Na’ INt 225 TO? wc*® LC
Channidae
Channa gachua (Hamilton, 1822) Na’ CA'?3 TO? we® LC
Channa striata (Bloch, 1793) Na’ CAV>? T0° we? LC
Pristolepis
Pristolepis fasciata (Bleeker, 1851) Na’ IN?*° TO*** wc*® LC
Perciformes
Ambassidae
Parambassis siamensis (Fowler, 1937) Na’ IN22 TO® wc? LC
Tetraodontiformes
Tetraodontidae
Pao cochinchinensis (Steindachner, 1866) Na’ CAL>3 I’ BT LC

Origin :Na=Native species, Ed=Endemic species, Al=Alien species, and Hy=Hybrid species ; Trophic group :ON=omnivores, IN=insectivores, and CA=carnivores ;Tolerance :

[T=intolerant species, TO=tolerant species ;.Habitat :PG=pelagic species, WC=water column species, BT=bottom species. RS=rocky and stone, SG=sandy and gravel, SM=silty

to mudd ;.IUCN red list status :DD=Data deficient, LC=Least concern, NT=near threatened, VU=Vulnerable, EN=endangered, CR=critically endangered.

Note :The number in exponent corresponds to the following reference 1 .Suvarnaraksha (Suvarnaraksha, 2004), 2 . Suvarnaraksha (Suvarnaraksha, 2011), 3 . Suvarnaraksha

(Suvarnaraksha, 2017), 4 .Vithayanon (Vidthayanon, 2017), 5 .Rayan and Ngamsnae (Rayan & Ngamsnae, 2014), 6 .IUCN red list (IUCN, 2020) and 7 .Information from expert

Table 3. Detailed attributes of biological integrity associated with each of the IBI categories.

Categories IBI Score Attributes
Excellent 73-90 Similar to unimpacted sites in the region with minimal or no human activity in the reservoir.
Good 55-72 Species richness somewhat below expectation, loss of most intolerant forms.
Fair 37-54 Signs of additional deterioration include fewer intolerant forms.
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Poor 19-36 Dominated by omnivores, alien species, and pollution -tolerant forms, habitat generalists, growth rate,
and condition factors commonly depressed.
Very poor 18 Few fish present, mostly alien species or very tolerant forms.
Table 4. Metric score of Mae Ngad Reservoir, Chiang Mai, Thailand
Metric Scoring Results Score
5 4 3 2 1

No. of. Species richness >47.00 37-47 27-36 22-26 <22 20 1
Diversity index >293 2.652.93 2.57-2.64 2.30-2.56 <229 0.67 1
Dominant index >033 0.29-0.33 0.27-0.28 0.25-0.26 <0.24 0.78 5
%Native species >99.67 98.22-99.67 95.63-98.21 65.99-95.62 <65.98 90.38 2
%Alien species <1.79 1.80-4.49 4.50-4.52 4.53-17.01 >17.01 5.56 2
% Hybrid species <133 1.33-2.65 2.66-3.90 3.91-5.71 >571 4.07 2
% Omnivores <0.85 0.85-3.71 3.72-5.36 5.37-112.5 >12.5 2.94 4
% Insectivores >95.89 87.98-95.89 75.15-87.97 63.65-75.14 <63.64 84.14 4
% Carnivores >86.67 27.24-86.67 18.14-27.23 4.23-18.13 <4.22 12.92 2
% Pelagic >65.50 27.52-65.50 16.07-27.51 5.67-16.07 <5.66 2.98 1
% Water column <34.49 34.48-55.31 55.32-77.57 77.58-98.63 >98.63 90.06 2
% Bottorn >19.64 2.99-19.64 2.84-2.99 0.78-2.83 <0.77 0.98 2
% rocky and stone >35.44 17.83-35.44 10.04-17.82 1.97-10.03 <196 3.37 2
% sandy and gravel >77.93 40.42-77.93 25.03-40.41 6.91-25.02 <6.90 1.94 1
% silty to muddy >1333 4.45-13.33 3.05-4.44 0.84-3.04 <0.83 0.68 1
% of intolerant species >88.94 52.52-88.93 37.51-52.51 22.26-37.50 <22.25 23.11 2
% tolerant species <47.59 47.60-63.51 63.52-78.15 78.16-97.26 >97.26 76.89 3
Number of disease health <1 1-2 3 q >4 6 1

IBI score 38

DISCUSSION

Biological integrity of aquatic ecosystems can be evaluated with the help of
fish indicator species present in the community. Integrity of lake or reservoir
ecosystems have used a fish index which integrates structural, compositional, and
ecological characteristics (Karr, 1981; Karr et al.,, 1986). Studies of integrity using fish
indices for reservoirs were less evident. The present study envisaged the application
of a fish index of biotic integrity (F-IBI) of the health of Mae Ngad reservoir, Chiang Mai,
Thailand. The present study gave a better picture of the community structure of fish
and fish assemblages which could act as an indicator of anthropogenic stress and its
impacts on the reservorr.

Metric 1-3, diversity. The result of this study gave score “1”, which was lower
than in the past, which means low species richness and reflects the low variability of
food supplies, and low diversity index also reflects degradation via natural or activity
of human (Suvarnaraksha, 2011). This metric was used in several works for lakes e.g.

Shihoudian Lake in China (SHI et al., 2020).
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Metric 4, percentage of native species. The result of this study gave score “27,
lower than in the past similarly to Rayan and Ngamsnae (Rayan & Ngamsnae, 2014),
who researched fish IBI of Nong Han Wetland, where the score of native species was
3. The native species decrease with increasing degradation, and non-native species
represent biological degradation. They feed and reproduce in benthic habitat with
stone, rocks, and gravel and surrounded by large rock (Suvarnaraksha, 2011). This
metric was found in several works e.g. biotic indicators for Great Lakes coastal wetlands
(Cooper et al., 2018) Araujo(Gerson Araujo et al., 2003), Raburu and Masese (Raburu &
Masese, 2012), and Pinto and Araujo (Teixeira Pinto & Araujo, 2007).

Metric 5-6, percentage of alien species and hybrid species. These metrics are
an estimate of environmental degradation increase, where the percent of hybrids and
alien species also increase (Suvarnaraksha, 2011) with preying on eggs and juveniles of
native fish species, These species have had a great impact on native fish
assemblages(Lenhardt et al., 2009). In this study, we separated alien species and hybrid
species into two metrics, instead of Karr’s (Karr, 1981) percent hybrid individuals. Alien
species (Clarias hybrid (C. macrocephalus x C. gariepinus) and Oreochromis hybrid) are
mostly accidentally released from fish farms (Gerson Araujo et al., 2003). The result of
this study gave score “2”. The increase in the number of alien species was in
accordance with the findings of Wolter (Wolter et al., 2000), suggesting that such
changes result from prolonged anthropogenic effect on the fish community structure
(Lenhardt et al., 2009).

Metric 7-9, tropic composition. This group is an important category in assessing
the biotic integrity using the feeding habitat (Gerson Araujo et al., 2003; Teixeira Pinto
& Araujo, 2007). In this study we selected 3 metrics; omnivores, insectivores and
carnivores following Karr’ 1981. The study result gave score “4” for percentage of
omnivore species, “4” for insectivore species and “2” for carnivore species. The
omnivore species was found in high abundance at the polluted sites since these fish
species use a wide range of food, both plants and animals, and detritus or organic
matter (Teixeira Pinto & Araujo, 2007). Disruptions in the food base caused by
degradation has been found to lead to a higher percentage of omnivores and a

decrease in the proportions of insectivores and carnivores (Hu et al., 2007; Raburu &
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Masese, 2012; Rayan & Ngamsnae, 2014). This group of metrics was also found in
several works such as Pinto and Araujo (Teixeira Pinto & Araujo, 2007), Raburu and
Masese (Raburu & Masese, 2012), Hu (Hu et al., 2007), Khalf and Kochzius (Khalaf &
Kochzius, 2002) and Lenhardt (Lenhardt et al., 2009).

Metric 10-15, Habitat composition. The percentage of pelagic species is
identified by the species living on the surface which feed on surface insects and are
active swimmers. The low percentage of water column species explained that some
species decrease with increased degradation (Karr et al.,, 1986). The percentage of
bottom species, percentage rocky and stone species, percentage sandy and gravel
species and percentage silty to muddy species, show that some species are sensitive
to degradation resulting from siltation and benthic oxygen depletion because they
feed and reproduce in benthic habitats (Bozzetti & Schulz, 2004). The result of this
study gave score “1” for percentage of pelagic species, “2” for water column species,
“2” for bottom species, “2” for rocky and stone species, “1” for sandy and gravel
species and “1”7 for silty to muddy species. The use of benthic species in the
development of lake indices is less common (Argillier et al., 2013). The benthic species
are sensitive to poor water quality, low oxygen concentrations and toxic substances
deposited in sediment, since they use this compartment to feed and spawn and margin
erosion also provokes impairment to benthic species through the substrate
homonization (Teixeira Pinto & Araujo, 2007). Many smaller species live on the rock
and they feed on algae and on insects or invertebrates that grow on the rocks or
pebbles e.g¢. Garra cambodgiensis, Pseudohomaloptera sexmaculata and Schistura
sexcauda.

Metric 16, percentage of intolerance species. The result gave score “2”, which
was a lower score than in the past. This means the intolerant species decrease when
the water in the reservoir has poor quality. This metrics using intolerance species did
not show a relationship with pressure. The catchability of many intolerant species is
relatively low, especially in benthic species because of the relatively low mobility of
many intolerant species (Argillier et al., 2013). We use intolerance species for evaluating
the health of the reservoir for the first in time Thailand, due to the base of data

collected in 2003, where there were many intolerance species (Suvarnaraksha, 2004).
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Metric 17, percentage of tolerance species. The result of this study gave a score
“3” similar to Nong Han Wetland, where the score of tolerance species was 1(Rayan &
Ngamsnae, 2014), which means the tolerance species increased when the reservoir
water was poor in quality because of degradation of habitat of insects or invertebrates
which are food for other species. For example, tolerant species Mystacoleucus
marginatus is well adaptive to impound waters (IUCN, 2020; Suvarnaraksha, 2017) and
Genus Oreochromis is generally considered to be tolerant to physico-chemical changes
and Clarias are known to be tolerant to pollution (Raburu & Masese, 2012), while the
Lepidocephalichthys hasselti increase in the upstream, it means the river was of poor
quality because of degradation of substrate where habitat of insects or invertebrates
that are food of another species (Suvarnaraksha, 2011). Tolerance species were widely
distributed from the upper reaches to the lower reaches, making them useful indicators
of poor water and environmental quality (Raburu & Masese, 2012).

Metric 18, number of disease health or anomalies. This metric depicts the
health and condition of individual fish. These conditions occur infrequently or are
absent from minimally impacted reference sites but do occur frequently below
contaminant point sources and in areas where toxic chemicals are concentrated. They
are excellent measures of the subacute effects of chemical pollution and the aesthetic
value of game and nongame fish (Barbour et al., 1999). The result of this study gave
score “2” different from Nong Han Wetland, where score of number of disease health
was 5 (Rayan & Ngamsnae, 2014).

The IBI has proven to be responsive to a wide variety of disturbances that affect
fish assemblage stability [34] and fish communities have also proven to be an excellent
indicator of aquatic ecosystem health [14] thus the IBI could be used to characterize

the status of the reservoir.

CONCLUSIONS

The present study envisaged the application and development of a fish index
of biotic integrity (F-IBI) for evaluation of the health of a stagnant river for a case study
of Mae Ngad reservoir, Chiang Mai. We used fish data gathered from annual report of

2004. Fish-IBI metrics were designed with 18 metrics in two main categories based on
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biological parameters and environmental parameters. The ability of the proposed IB
as a tool for detecting environmental degradation is strengthened by these results
(Lenhardt et al.,, 2009). This study shows that the IBI can be used to characterize the
state of these reservoirs and can make a step for management aspects and to some
extent for conservation. As a bioassessment tool, the fish index was found useful as

the basis for long-term monitoring of stagnant waters in northern Thailand.
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ABSTRACT
The fish-based index of biotic integrity (F-IBI) is widely used to assess river

ecosystems. We have adapted modification and used Karr’s index of biotic integrity
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(IBl) and also literature for the running water, including 18 metrics in seven categories.
With survey data from the Maetang River fishery resources in 2003 and 2019, species
richness and composition, tolerant, trophic composition, abundance, individual condition
and altitude distribution in the river’s Maetang River were examined. These metrics
were used in the final IBI, which ranged from 18 (worst) to 90 (best). The healthy
conditions indicated by F-IBI scores in 2019 were “good” and this study will become
a great reference for water resources management and ecosystem restoration in the

running river.

Keywords: Ecological indicators, metrics, fish assemblages, species richness indicator,

habitat quality.

INTRODUCTION

Freshwater ecosystems are important components for all creatures living in the
rivers which provide important ecosystem services. However, these important ecological
features are being altered, degraded, and even destroyed and threatened due to
anthropogenic pressures and experiencing declines in biodiversity (Riecki et al., 2020).
Biological assessments are crucial tools for measuring the ecological integrity of freshwater
ecosystems and for protecting aquatic life (Aparicio et al., 2011). Fish are considered sensitive
indicators of stream habitat since they were well studied and easy to identify. Even small
and fish communities also represented several trophic levels and they have long been
used as indicators of stream ecosystem health, collectively grouped under the term
“index of biotic integrity” (IBI) (Capmourteres et al., 2018). Most fish-based indices are
derived from the original IBI and are popular in the world, but not appear in Thailand.

Maetang River in Chiangmai Province, which is a rapidly developing tourist
region located in the upper Ping River basin have become degraded in recent decades.
All of the above changes have led to a marked deterioration in the ecosystem function.
The investigation of fish assemblages in the Maetang river was conducted in 2000
(Suvarnaraksha, 2003) and the study focused on the diversity of fish. There were no studies
that have evaluated the ecosystem health based on fish assemblages. The main

objective of the study is to develop and apply the fish index of biotic integrity for
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used assess running ecosystem health and provide a baseline for future water quality

assessment in the running water.

MATERIALS AND METHODS

2.1 Study area

The Maetang River is a tributary of the Ping River in Chiang Mai Province, covered
by mountains and forests, agricultural areas, and urban; 72.1 %, 25.4 %, and 0.3%
respectively. The location of the Maetang river is bounded by coordinates 19° 10' to 19°
45' N and 98° 27' to 98° 55' E and the river mainstream is 135 km. long and drains an
area of approximately 223.51 km? (Suvarnaraksha, 2011). The elevation range of the
Maetang River is 338-1342 m. above sea level. The Maetang River is fast-flowing and
clear water with rocks, gravels and pebbles as its sandy bottom are covered by forest
canopy (Suvarnaraksha, 2011). Fish data are collected from 31 stations along the

Maetang River (Figure 1).

2.2 Data sources and sampling protocols

1. Previous data: the data was conducted from August 2000 to June 2001 with
electric-fishing with an AC shocker (Honda EM 650, DC 220 V. 550BA 450VA, 1.5-2 A,
50 Hz.) together with block nets and scoop nets (100 m? per sampling site) (preserved).
Fish were identified to species and preserved followed (Suvarnaraksha, 2018).The
specimens were identified followed (So et al., 2018; Suvarnaraksha, 2003, 2017, 2018,;
Vidthayanon et al., 1997).Physicochemical water quality samples were collected from 31
stations was then measured by YSI 556 in the field.Meanwhile, the substrate types were
recorded i.e. rocky, sandy and gravel (Suvarnaraksha, 2003).

2. Present data: fish specimens were collected from tributaries of Meatang River
from May 2019 to April 2020by using push-net and gill net. Fishes were identified and
classified followed (Suvarnaraksha, 2003, 2011, Vidthayanon, 201 7; Froese&Pauly,
2019).
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Figure 1. Map of Maetang River, Chiang Mai province.

2.3 Development the fish index

We applied metrics of running water by based on literature (Karr et al., 1986, Lyons,
2006, Zhu & Chang, 2008; Suvarnaraksha et al., 2012; Wu et al., 2014; Li et al., 2015; Vile
& Henning, 2018and Zogaris et al., 2018)

In the studies of Karr (Karr, 1981; Karr et al., 1986; Li et al., 2015) the scores
were classified into 6 grades indicating “‘Excellent’” to ““No fish’” from high score to
low score when the score values range from 0 to 60.In this case, the underlying ideas of
the hypothetical reference score method (Chen et al., 2020; HaRa et al., 2019;Sapounidis
et al., 2017; Van Oosterhout& Van Der Velde, 2015; Wu et al., 2014; Zogaris et al., 2018)

are used.

RESULTS

3.1 Fish assemblages
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A total of 51 fish species under 16 families were recorded from 31 stations
of the Maetang River. The characteristics of assemblages of Maetang River had been
described including fish status, habitats, trophic suilds, and altitude distribution
appearance in investigations, based on the data provided from (Suvarnaraksha, 2003).
The classified fish for evaluation are given in Table 1; family Cyprinidae dominated in
the river, and most of them are native species while there are only four alien species
(Table 1). The trophic composition was dominated by the insectivores (34 species),
the omnivores (9 species), and the carnivores (8 species), respectively. The altitude
distribution was dominated by piedmont species (31 species), lowland species (9 species),
mountain species (6 species), and transitory species (5 species), respectively. The habitat
composition was dominated by the bottom (29 species), water column (14 species), and
pelagic (8 species), respectively. The last group is fish health, the intolerant species (33

species), tolerant species (18 species), and fish health (dependent on the area).

3.2 Developing the running water IBI’s

Finally, 18 metrics were selected according to these seven attributes combined
with the practical circumstance of the Maetang River. The total number of fish species
reflects the biodiversity of the river (Karr, 1981). Generally, the smaller number of fish
species, the more destructed habitat it is. The habit composition in the water body
reflects the ecological health degree of the habitat (Li et al.,, 2015). Tolerance and
intolerance groups reflect species sensitivity (Pont et al., 2006), intolerant species are
those that first decline with environmental degradation (Oberdorff et al., 2002) while
the percentage of tolerant fish species would increase (Lyons, 2012; Schleiger,
2000).Carnivorous and insectivorous will tend to decrease in response to an alteration
of their habitat (HaRa et al.,, 2019).In contrast, a metric based on omnivorous species
will tend to increase in response to disturbance as omnivorous species can adapt
their trophic regime in response to an alteration of river food webs (Pont et al,,
2006). Alien species was intended to reflect the number of alien species established
as well as the proportional abundance of alien individuals concerning native fish (Aparicio

et al,, 2011). The classification of four fish assemblages from the headwater to the
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lowland river reaches is important, in explaining variation in fish community structure

along the longitudinal gradient of a large, tropical river (Suvarnaraksha et al., 2012).

Table 1. Classification of fish assemblages encountered during the study in terms of
origin(Na= Native species and Al = Alien species), trophic group(ON=omnivores, IN=
insectivores, and CA= carnivores),tolerance(IT=intolerantspecies, TO=tolerant species), Ad;
altitude  distribution  (MT=  mountainous species, PM=piedmont species, TS=
transitoryspecies, LL= lowland species)and habitat(PG = pelagic species. WC= water

column species. BT= bottom species).

No. Family/ Species Origin Trophic group Tolerance Habitat Ad. IUCN
1 Barilius pulchellus Na’ IN" %2 [ PG * PM LC
2 Danio albolineatus Na' IN“ 22 TO' PG’ MT LC
3 Devario maetaengensis Na' IN 23 TO' PG* MT LC
4 Esomus metallicus Na' IN' 23 I’ PG? LL LC
5 Rasbora myersi Na’ IN 23 I’ PG* PM LC
6 Rasbora paviana Na’ IN'22 I’ PG? TS LC
7 Bangana sinkleri Na’ IN? T BT PM DD
8 Discherodontus schroederi Na’ IN"2 I’ wc ' PM LC
9 Ceratogarra cambodgiensis Na’ ONY23 ITe BT® PM LC
10 Garra fuliginosa Na’ ONY23 fing BT® PM LC
11 Mystacoleucus obtusirostris Na’ IN*? TO*° wc? TS LC
12 Neolissochilus stracheyi Na’ ON"? i wc? PM LC
13 Onychostoma gerlachi Na ON I WC PM NT
14 Poropuntius bantamensis Na ON T WC PM LC
15 Pethia stoliczkana Na' IN* i wc? PM LC
16 Puntius brevis Na' IN"* I’ wc*? TS LC
17 Scaphiodonichthys acanthopterus Na' IN? i BT PM LC
18 Systomus rubripinnis Na’ IN" %2 e wc >? TS DD
19 Tor tambroides Na’ ON"? I WC PM DD
20 Gyrinocheilus aymonieri Na’ IN? TO' BT’ PM LC
21 Aperioptusgracilentus Na’ IN? I BT PM LC
22 Lepidocephalichthys berdmorei Na’ IN%? TO? BT’ PM LC
23 Lepidocephalichthys hasselti Na’ IN?Z3 TO? BT PM LC
24 Balitora brucei Na' IN® N BT PM NT
25 Homalopteroides smithi Na’ IN 23 I BT PM LC
26 Pseudohomaloptera leonardi Na IN* T BT PM LC
27 Schistura breviceps Na’ IN22 I BT*® PM DD
28 Schistura bucculenta Na’ IN22 I BT PM LC
29 Schistura geisleri Na’ IN? I BT’ PM LC
30 Schistura menanensis Na’ INT23 I BT PM DD
31 Schistura mahnerti Na' IN*#2 e BT PM LC
32 Schistura obeini Na’ IN“>2 e BT PM LC
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33 Schistura poculi Na’ IN'2 2 I BT PM LC
34 Schistura spilota Na’ IN'2 I BT’ PM DD
35 Schistura waltoni Na’ IN %2 I BT PM DD
36 Pterygoplichthys disjunctivus AZ? ON? TO' BT? LL -

37 Amblyceps foratum Na’ CA*? i BT MT LC
38  Oreoglanis siamensis Na' IN? I BT® MT EN
39 Glyptothorax trilineatus Na’ CA"?? I BT’ MT LC
40 Glyptothorax lampris Na’ CAV?? I BT MT LC
41 Clarias batrachus Na' CAM2%° TO® BT® PM LC
42 Clarias hybrid AZ® CA"? TO' BT LL -

43 Oreochromis niloticus ALY ON™? TO® wc ® LL LC
44 Gambusia affinis AP ON? TO' PG> PM LC
45 Monopterus albus Na’ IN22 TO%? BT LL LC
46  Mastacembelus tinwini Na’ IN'2 2 TO® BT TS LC
47 Anabas testudineus Na’ @Sz TO? wc?® LL DD
48 Trichopsis vittata Na’ IN"? TO' PG’ LL LC
49 Trichopodus trichopterus Na’ INh 223 TO? we *? LL LC
50  Channa gachua Na’ CAY*? TO? wc? PM LC
51 Channa striata Na’ CAVH2 TO’® wc? LL LC

Note: The number in exponent corresponds to the following reference; 1. Suvarnaraksha (2003); 2. Suvamaraksha (2011); 3. Suvarnaraksha (2017); 4.
Vidthayanon (2017); 5. Rayan and Ngamsnae (2014); 6. IUCN red list (2020) and 7.Information from expert

3.3 Fish-IBI metric for the Maetang River

We designed from separate assemblage metrics in the main two categories based on biological parameters and
environmental parameters. The biological parameters consist of 3 parts i.e. 1) species diversity (M1-M3);2) fish
status (M4-M5); and 3) trophic composition (M6-M8). The environmental parameters consist of4 groups i.e.1) altitude
distribution (M9-M12); 2) habitat composition (M13-M15); 3) tolerance (M16-M17), and 4) fish health (M18).The new metrics
are altitude distribution classified based on Suvarnaraksha (2012).The lowland species (M9) mean the fishes are
inhibited in a larger watershed close to agricultural and urban areas, which have high phosphorus loadings such as
Trichopodus trichopterus and Trichopsis vittata. The transitory species (M10) mean the fishes in assemblages live in
the lower portion of the river course, where the river width and depth were more than the previous two assemblages
such as Mystacoleucus obtusirostris, and Systomus rubripinnis. The piedmont species (M11) mean species inhibiting
the lower attitude area mountainous species such as Barilius pulchellus and Discherodontus schroederi. The
mountainous species (M12) mean species inhibiting the small stream in high attitude area with low temperature,
high water current velocity, and non-polluted, which concludes Oreoglanis siamensis and Glyptothorax trilineatus. For
example, the Siamese bat catfish (O. siamensis) was a high level of dissolved oxygen and well adapted to special

habitat (Suvarnaraksha et al., 2012).

Table 2 Metric Score for MaetangRiver

Metric Scoring Results  Score
5 q 3 2 1
No. of. Species richness >19 12-19 9-11 5-8 >5 20.00 5
Diversity index >2.26 2.00-2.26 1.48-1.99 1.18-1.47 >1.18 254 5

Dominant index >0.56 0.39-0.56 0.25-0.38 0.12-0.24 >0.12 0.15 2
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%Native species >40.43 27.13-40.43 18.26-27.12 9.04-18.25 >9.04 20.00 3
Alien species <1 1-2 3 4 >4 0
% Omnivores <11.11 11.11-17.27 17.28-22.21 22.22-44.44 >44.44 83.33 1
% Insectivores >38.24 27.21-38.24 19.20-27.20 8.82-19.19 >8.82 56 5
% Carnivores >25.00 12.50-25.00 6.25-10.49 3.13-6.24 >3.13 16.67 4
% Lowland species <10.33 10.34-17.81 17.82-23.91 23.92-36.96 >36.96 57.58 1
% Transitory species <13.19 13.19-23.77 23.78-31.25 31.26-52.78 >52.78 36.36 1
% Piedmont species >85.00 50.00-85.00 40.28-49.99 20.14-40.27 >20.14 50 3
% Mountainous species >85.00 50.00-85.00 40.28-49.99 20.14-40.27 >20.14 50 3
% Pelagic >37.50 25.00-37.50 17.36-24.99 12.50-17.35 >12.50 100 5
% Water column <7.14 7.14-16.47 16.48-28.57 28.58-42.86 >042.86 55 1
% Bottom >41.38 22.41-41.38 16.86-22.40 10.34-16.85 >10.34 43 4
% of intolerant species >48.48 30.30-48.48 21.55-30.29 11.36-21.54 >11.36 32 3
% Tolerant species <4.17 4.17-8.17 8.18-11.10 11.11-27.78 >27.78 55.56 1
Number of disease health <1 1-2 3 4 >4 5 1
IBI score 53

The scoring criteria were developed for each of the 18 metrics and the sum of the metrics scores restricted

to the range of 18 (worst) to 90 (best), which was the overall IBI score. Scoring criteria were established forthe

remaining metrics. For each metric, threshold values between "good" and "fair" values and between "fair"and

"poor" values were defined based on the 75" and 25" percentile values for the least- and strongly impacted

groups(Lyons, 2012). The classification of biological integrity and their attributes corresponding to F-IBI scores based

on the sum ratings is obtained as shown in Table 3.
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Table 3. The F-IBI class boundaries and description adjusted according to the Maetang river fish characteristics

F-IBI value Characteristics Integrity classes
73-90 Comparable to the best situations without influence or no human activity. Excellent
55-72 Largely natural with few modifications. A change in community Good

characteristics may have taken place but species richness and presence of

intolerant species indicate little modification.

37-54 Moderately modified. A lower than expected species richness and Fair

presence of most intolerant species.

19-36 Largely modified. Dominated by omnivores and lowered presence of Poor
intolerant and moderately intolerant species also habitat generalists and

condition factors commonly depressed

<18 Seriously modified. A strikingly lower than expected species richness and Very poor
the general absence of intolerant, mostly introduced, or very tolerant

forms. Impairment of health may become very evident.

3.4 Fish IBI evaluation

Five F-1Bl index systems were established for the Maetangriverand the scoring
method was introduced above. The IBI values were 5 3scores (Tables 2). And they can

be evaluated as ‘‘fair’’.

DISCUSSION

The fish index developed here consists of 18 metrics, which are the new metrics
for Thailand. It delineates the differences in biotic integrity among different sites.
Although the Fish IBI was developed to assess lake (Rayan&Ngamsnae, 2014), no
information for assessing rivers is reported. Thus, the metric for assessing a river
case study of the Maetang River is a new model for assessing the rivers in Thailand.

Species diversity and fish status were assessed using 5 metrics designed to
monitor overall fish diversity and habitat-specific fish assemblages. The Metric 1-3 (M1-
M3) adapted by (Vile & Henning, 2018; Wu et al., 2014; Zogaris et al., 2018) was not
used previously in developing fish indices in Thailand. Additionally, we applied each of
the 2 metrics to support the part of diversity, which is M4-M5 adapted (Lyons, 2006)
and (Zhu & Chang, 2008). In contrast (Rayan&Ngamsnae, 2014) created this group
including numbers of native species and benthic species. The native species are

important as they increase their numbers can reflect natural abundance. For
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example, the D. maetaengensis is a native species inhabiting endemic to Maetangriver,
and also the O. siamensis is a red list vulnerable benthic species inhabiting endemic to
Inthanon Mountain. The fish have to well adapt to the special habitats with flatten belly,
adhesive maxillary barbel and pair fins, streamline body shape, and aerodynamic
dorsal part. They are also feeding on the small invertebrates and aquatic insect larva
on the rock (Suvarnaraksha, 2011).

Trophic composition metrics evaluate integrity associated with functional
(food chain) conditions, which are reflected in the structural changes in trophic
composition (Karr et al., 1986). In the studies, three of the original metrics (M6-M8)
were adapted (Wu et al., 2014) similar (Zhu & Chang, 2008; Raburu&Masese, 2012and
Pontetal.,,2006). We choose omnivores because they tolerate poor conditions.
Top carnivorous adults eat other predominant fishes or large invertebrates for
assessing loss of trophic diversity and keystone species (Zhu & Chang, 2008). Altitude
distribution (M9-M12) is the new metric in Thailand. They are used to explain variation
in fish community structure along a river gradient in the large-scale whole basin
(Suvarnaraksha et al., 2012). Habitat composition, two of the original metrics (M14-
M15) adapted (Zogaris et al., 2018). The new metric is the percentage of water
pelagic species for this area and is applied (Wu et al., 2014). It identifies some species
living on the surface and feed on surface insect and an active swimmer.

Tolerant, abundance, and condition are divided into 3 metrics (M16-M18). We
adapted (M16-M18) followed (Van Oosterhout& Van Der Velde, 2015) which usually has
been in another country (Jia et al., 2013; Raburu&Masese, 2012.Some countries used only
the % of tolerance individuals (Zhu & Chang, 2008.The number of metrics of disease
health or anomalies (M18) depicts the health and condition of individual fish.

This study was defined based on the 75™ and 25" percentile values for the least-
and strongly impacted groups (Lyons, 2012), different from (Jia et al., 2013). The sites
with the observation values falling within 25-75% quartiles were scored ‘3’ scoring
rang 18-90, similar to (Li et al., 2015). The Maetangriver had scores as 53, which is a fair level.
Similar in Nong Han wetland to scoring38(Rayan&Ngamsnae, 2014) which ranked as fair
level. The results are different depending on the areas and human activities in the past

to the present. Any human activity that disturbs the pool-rifle structure, such as
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changes to the flow regime, increases in sediment load, and makes an anoxic condition

would affect this assemblage (Suvarnaraksha et al., 2012).
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Using Environmental DNA to estimate the fish diversity in the reservoir, case

study Maengud Somboonchon Reservior, Chiangmai, Thailand.
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Abstract

Environmental DNA (eDNA) can be used to assess fish biodiversity in aquatic
systems. In this study, we collected three biological replicates of small volume water
samples (2 L) of the 9 stations. We amplified fish DNA using a universal primer set. We
obtained 118,939 high- quality Illumina sequence reads from the environmental
samples. We showed a relative abundance of indicative OTUs data that can be used
to predict the fish distribution status. The eDNA survey identified 20 species at the
study sites. The use of eDNA monitoring is the first being adopted in Thailand for
ecological surveys. Knowledge of species distribution is critical to ecological
management and conservation biology.
Key word: DNA barcoding, ecosystem management, next-generation sequencing, PRC,

fish diversity, monitoring, water sampling.

1. Introduction

The assessment of biodiversity is necessary for several disciplines such as
conservation biology and ecology (Margurran, 2004). However, several species are
difficult to detect, especially during particular time periods, potentially biasing study
outcomes (Ficetola et al., 2008). The extraction of DNA from an environmental sample
used to obtain DNA water or soil samples. Stressors such as overfishing, travel business,
pollution, and changes in surface temperature can cause loss of biodiversity and shifts
in species distributions within freshwater environments. The environmental DNA (eDNA)

method is a detection technique that is rapidly gaining credibility as a sensitive tool
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useful in the surveillance and monitoring of invasive and threatened species (Hinlo et
al., 2017). The efficiency of eDNA has a highly sensitive detection capability and
increasingly appeared to be a promising non-invasive method for improving aquatic
biomonitoring and the short DNA sequences may be present at high density in the
environment, their potential for the study of present-day communities of macro-
organisms (Ficetola et al., 2008; Lawson Handley, 2018; Li et al., 2018). eDNA captured
on a filter from water samples can be PCR-amplified using either species- specific or
“universal” primers (e.g. targeting the mitochondrial 12S rRNA gene, 16S rRNA gene,
18S rRNA gene) then sequenced using next- generation sequencing for freshwater
biomonitoring is already being realized (Andruszkiewicz et al., 2017)

The present study uses eDNA metabarcoding to assess the distribution of fish
species in the Maengud Somboonchon Reservior, is a multi-purpose hydroelectric dam
in the Mae Taeng District of Chiang Mai Province. It impounds the Mae Ngud River, a
tributary of the Ping River. The irrigation area spreads over 20,000 Rai to the right and
10,000 to the left of the basin. Maengud Somboonchon Reservior has contributed
much to the well-being of local people in the irrigation area, where agriculture is the
main source of income. In addition, also helps relief the problem of inundation around
Mae Ping Basin. Moreover, it is a location for marine life farming; for example, fish,
where local people can earn a second income through inland fisheries. In the past,
the fish diversities included 68 species, in 12 families and the fishes compositions are
cyprinids, catfishes, stream loaches and cobitid, respectively (Suvarnaraksha, 2003).
The rate of species extinction is higher today than it was in past and the introduction
of invasive species has changed the structure and function of ecosystems
(Andruszkiewicz et al., 2017). Knowledge of fish abundance and distributions are
important to the community structure of the ecosystem, while the methods using
electricity and nets, in some cases can be harmful to species or habitats. New data
collection methods are needed to better understand changes in organismal
abundance, biodiversity, and community structure over shorter time scales. Thus, the
eDNA metabarcoding studies for investigating the distribution of fish species are the

new method for Thailand, therefore, the main purposes of our study are to survey the
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distribution of fish using eDNA data, which also indicates the potential of the method
for use in future fish assessments.

2. Methods

2.1 Study area and eDNA sampling

The Mae Ngad Somboonchon reservoir is a small artificial reservoir of upper
Ping river in Chiangmai province (19° 1518 N, 099° 03.35 E to 19° 15.25N, 099° 17.43E)
(Suvarnaraksha, 2011). It was of earth-fill type, constructed during the time from 1977
to 1984 on the Mae Ngad River (Thapanya et al., 2015). It was dammed across a first
order stream, the Mae Ngad, for multiple purposes such as hydroelectric power and
irrigation. Its elevation ranges from 336 to 425 m ASL with a catchment area of 1,309
km2. The dam is 59 m high and 1,950 m long, and the reservoir covers the area of 16
square km. The mean water depth of the reservoir area is 30 m and there are various
bottom types (i.e. rock, gravel, sand, silt and mud) along the stream gradient.
Meanwhile, the depth of the tributary streams, connected to the reservoir, ranges
between 0.25-2.0 m (Suvarnaraksha, 2004, 2011)

Nine sites were sampled from the Mae Ngad Somboonchon reservoir on
November 2018. We collected water samples by a boat in 3 sites at reservoir (Ping 2.1,
Ping 2.2 and Ping 2.3), where in center of reservoir, were carefully collected toward
the upstream sites from the downstream sites for protected mixing of ambient water
at 3 sampling site by movement of the boat (Li et al., 2018). In 3 site, these sites are
located in tributaries of the head water of reservoir (Ping 1.1-1.3), that mean important
for agriculture. The last group site, where are the tributaries of Ping river (Ping 3.1-3.3),
therefore the last group is near village, urban and more activity form human more
another site. At the midpoint of each survey, collected a 3-L water sample at 1 m
above the bottom for eDNA using sterile bottles (Thermo Fisher Scientific, U.S.A.) (Rees
et al., 2014) and immediately transferred on ice (Li et al., 2018). Collection bottles
were closed underwater once full and not opened again until in the laboratory for
water filtration (Port et al., 2016). The collected water samples were immediately
taken to the laboratory and filtration of collection onto 47-mm diameter glass-fibre

filtters (nominal pore size, 0.7 um; Whatman, Maidstone, UK). After the filtration, used
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decontaminated forceps, fold filter paper in one-half four times and stored at — 20°C

before eDNA extraction (Ushio et al., 2018).

Table 1 Description of the sampling in the Mae Ngad Somboonchon reservoir.

Station Site name Site Coordinates Elevation | Description
code. (ma.s.l) of

substrates
1 Maepaeng Ping 1.1 | 19°14'1.13"N 99° 8'42.69"E 435 S,G
2 Maesoon Ping 1.2 | 19°11'30.31"N 99°10'19.21"E 419 S,G
3 Maecord Ping 1.3 | 19°9'28.73"N 99° 9'54.42"E 420 S,G
4 In reservoir 1 Ping 2.1 | 19° 10'53.94"N 99° 5'6.32"E 393 S,M
5 In reservoir 2 Ping 2.2 | 19°9'57.84"N 99° 5'28.00"E 402 S,M
6 In reservoir 3 Ping 2.3 | 19°9'32.40"N 99° 4'6.99"E 400 S,M
7 Bridge Ping 3.1 | 19°09'22.9"N 99°01'52.0"E 346 M
8 Riversidehomestay | Ping 3.2 | 19°09'09.5"N 99°01'02.2"E 346 M
9 Cholae Ping 3.3 | 19°08'50.0"N 99°00'29.2"E 343 M

2.2 DNA extraction and PCR amplification

We extracted DNA from each filter using DNeasy blood and tissue kit (Qiagen,

Hilden, Germany), for which we followed the manufacturer’s protocol. The 12S rRNA

gene was amplified by PCR using genomic DNA as a template with primers 125 (5'-

ACTGGGATTAGATACCCC-3" and 5'- TAGAACAGGCTCCTCTAG-3") (Miya et al., 2015),

amplifying a ca. 160-185 bp gene fragment. PCR reactions were carried out using 1 pL

DNA extract (1:10 dilutions), 5 pL HotStarTaqg Plus Master Mix (Qiagen, USA), 1 pL of

each primer (1 pL) and 2 uL molecular-biology-grade water (Sigma-Aldrich, USA). The

PCR was done in a MODEL 2700 or 9700 thermal cycler (Perkin-Elmer). Thermal

conditions for PCR were 94 °C for 30 seconds followed by 35 cycles of 94 °C for 35 s,

45 °C for 35 s and 68 °C for 35 s and storage at 4 °C. The amplified DNA was fractionated

by electrophoresis in 1 % low-melting-temperature agarose gel and stained with

ethidium bromide for band characterization under ultraviolet trans-illumination.

2.3 DNA Sequencing and analysis
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The full-length 12S rRNA gene was amplified using the universal primers 12S.
The PCR reactions were carried out with Phusion® High- Fidelity PCR Master Mix (New
England Biolabs, Beverly, MA, United States). Then PCR products were separated by
2% (w/v) agarose gel electrophoresis and purified with the Qiagen Gel Extraction Kit
(Qiagen, Germany). The sequenced libraries of bacterial were generated for high-
throughput sequencing using TruSeq® DNA PCR-Free Sample Preparation Kit (Illumina,
San Diego, CA, United States) following the manufacturer’s recommendations and
index codes were added. the library quality was assessed on the Qubit@ 2.0
Fluorometer (Invitrogen, Thermo Scientific, CA, United States) and Agilent Bioanalyzer
2100 system (Agilent Technologies, Palo Alto, CA, United States). Then, the library was
sequenced on an Illumina HiSeq2500 platform (Illumina, San Diego, CA, United States)
by Novogene Bioinformatics Technology Co., Ltd. (Beijing, China).
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Fig 1. Map of locations sampled in this study. The numbers of the locations refer to 1)

Maepaeng, 2) Maesoon, 3) Maecord, 4) In reservoir 1, 5) In reservoir 2, 6) In reservoir 3,

7) Bridge, 8) Riversidehomestay, 9) Cholae. The location detail is provided in Table 1.

Map was created in the ArcGIS version 10.1 and modified in Microsoft Office.

2.4 Bioinformatic and statistical analyses

Quality filtering on the raw tags were performed under specific filtering

conditions to obtain the high-quality clean tags (Bokulich et al., 2013) according to the

QIIME(V1.7.0) (Caporaso et al., 2010) quality controlled process. Then, Paired-end reads
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was assigned to samples based on their unique barcode and truncated by cutting off
the barcode and primer sequence. Paired-end reads were merged using FLASH (V1.2.7)
(Mago¢ & Salzberg SL, 2011). The tags were clustered into OTUs (operational taxonomic
units) by using USEARCH algorithm (Version 7.0.1001) (Edgar et al., 2011) with were
compared with the reference database (Gold database) using UCHIME algorithm (Edgar
et al., 2011) to detect chimera sequences, and then the chimera sequences were
removed (Haas et al., 2011). The taxonomic assignment of OTU sequences was
mapped to the NT database downloaded from the National Center for Biotechnology
Information (NCBI) GenBank database by using the Blastn tool with >97% similarity
were assigned to the same OTUs. OTUs abundance information were normalized using
a standard of sequence number corresponding to the sample with the least
sequences. The relative abundances of species were calculated from the OTU
abundance table for each taxonomic rank and the species count table.
Results

The fish species diversity of Mae Ngad Somboonchon reservoir in reservoir, Low
Reservoir and Tributary were found 150-370 tags (mean 294.33), 138-325 tags (mean
256) 168-191 tags (mean 181.67) Operation Taxonomic Units (OTUs) respectively. OTUs
belonging to 2 groups included of Cypriniformes and Siluriformes (Fig 2). The
Cypriniformes (5.571%) were found Cobitidae and Cyprinidae. The Cobitidae we found
only 1 genus is Pangio (0.082%) and Cyprinidae include 3 genus viz., Cyprinus (3.15%),
Hampala (2.32%) and Mystacoleucus (0.004%). The Siluriformes (20.102%), we found
genus Sisoridae (Glytothorax) (Fig 3)
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The heat map (Fig 4) shows abundance distribution of the dominant 20 genera
among all samples from 3 zone viz., Labiobarbus, Lobocheilos, Hemibragrus,
Oreochromis, Pethia, Pangasianodon, Systomus, Cyclocheilicthys, Parambasis, Barilius,
Hampala, Betta, Tor, Myatacoleucus, Cyprinus, Glyptothorax, Oreoglanis, Labeo,
Tuberoschistura and Pangio.

Tributary zone, mean species inhabiting in small stream with gravel, rock and
sand bottom. This location with agriculture i.e., longan field and vegetable garden. It
was found that includes genus viz., Cyprinus, Glyptothorax, Oreoglanis, Labeo,
Tuberoschistura and Myatacoleucus. In Reservoir, mean species inhabiting in the river
is wider and deeper. It was found that includes genus viz., Pangasianodon, Systomus,
Cyclocheilicthys, Parambasis, Pangio, Barilius, Tor, Hemibragrus, Glyptothorax and
Hampala. Low reservoir were the fishes in assemblages living in the lower portion of

the river course and inhabit a larger watershed close to agricultural and urban areas,
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with sand, mud and large river. It was found that includes genus viz., Labiobarbus,

Lobocheilos, Hemibragrus, Oreochromis, Pethia, Betta, Barilius, Hampala and Tor.

Discussion

The past in 2004, fish diversity in Maengud Somboonchon reservoir was studied,
using traditional methods, such as electrofishing and net fishing. The fish diversity
include 68 species, including cyprinid, catfishes, stream loaches and cobits respectively
(Suvarnaraksha, 2004). The present, these rivers are exposed to various sources of
anthropogenic pollutants, such as the activity of human, tourism, overfishing, and
agriculture filed, it made decrease of species of fish also other species in the ecosystem
(Andruszkiewicz et al., 2017), which the fish diversity constitutes a key indicator in the
present-day monitoring of aquatic ecosystem health, while we cannot catch all fish
species in the short time. Therefore, we chose the application of eDNA metabarcoding,
which is the new way to studies of fish diversity and can use monitor water pollution,
in which the assess biodiversity is at the forefront of the available methods in the
toolboxes of ecologists and conservation scientists (Zou et al., 2020) and the methods
have overcome the limitations of conventional survey methods, substantially reducing
the stress to captured fish and the disruption of habitats (Gillet et al., 2018; Zou et al,,
2020).

We were able using a 7.0 um filter for collected sample. In contrast, Takahara
et al. (Takahara et al., 2012) use of the 0.3 pm filters, that able to process large sample
volumes and obtain sufficient eDNA more using a 7.0 um filter because of the 0.7-0.8
um filters have to necessitated pre-filtration with a 12.0 um filter to avoid clogging of
the filter and was thus more labor-intensive (Takahara et al., 2012). (Li et al., 2018).
Previously, Li et al. (Li et al., 2018) and Port et al. (Port et al., 2016) used a 0.22-mm
filter to concentrate 10-L water samples collected from the river and seawater.
However, the suspended solids in lentic environments such as lagoons and ponds are
more than the river. The suspended solids or sediments will clog filters with small
pore sizes (Takahara et al., 2012). We choose a 0.7 mm filter that was suitable for the
collection of eDNA from a lentic environment, similar Ushio et al. (Ushio et al., 2018)

and Zou et al. (Zou et al., 2020), using 0.7-0.8 mm filter, while Takahara et al. (Takahara
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et al.,, 2012) using 0.3 mm filter in the freshwater lagoon. We collect the water sample
1-2 liter similar Takahara et al. (Takahara et al., 2012, 2013), according to the standard
of the stream is 1 liters (Rees et al., 2014). In the marine, can collect water 20 liters
(Zou et al.,, 2020) to 100-liter (Valentini et al., 2016) depended on the size of the water
ecosystem. While filtration using cellulose nitrate filter paper preserved in ethanol or
stored in a -20°C freezer and extracted with the Qiagen DNeasy kit outperformed other
combinations in terms of cost and efficiency of DNA recovery (Andruszkiewicz et al.,
2017).

Short DNA fragments can persist a long time under dry cold conditions and in
the absence of light (Ficetola et al., 2008) and may persist up to one week at 188C in
lake water (Matsui et al. 2001). These techniques dealing with the detection of DNA
traces requires several precautions (Taberlet et al. 1996; Cooper & Poinar 2000). First,
it is difficult to evaluate how long DNA fragments persist in water, and Second, several
factors could affect the amount of DNA in samples, such as volume of water, size, and
density of the organism (Ficetola et al., 2008).

The present study of eDNA methods, including ours, is focused primarily on a
survey of fish species present. The absence of species is difficult to confirm by sampling
(Takahara et al., 2013). Although we were able to detect at least one copy of DNA
using our present protocol, we only collected water sample 1 L for analysis, the results
may be the absence of species is a significant issue for programs that monitor
populations and predict their distribution (Stephanie et al., 2001). The reservoir was a
littoral zone where most of the fish occupied (Prchalova et al., 2003, Brosse et al.,
2007). Meanwhile, the central area of the lake is a steep shore and very deep and very
few samples are expected. This study showed the abundance and relative of species
in each area.

Conclusion

In summary, we use an eDNA-based method to estimate the diversity of
freshwater fish species in the reservoir. Using this method can be estimated more easily
and rapidly than using traditional methods and used to aid management plans for the
conservation of populations, communities, and ecosystems. The first time of the eDNA

method in the reservoir and river in Thailand used to monitor or predict fish diversity,
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which explains for reproduction, feeding, and refuge of a target species in the future.
However, the database is important for using the eDNA method. In a case study in
Maengud, we collected fish at only 9 stations in the winter and the results not different
from each site and the OTUs report cannot showed the total species of fish, which
means no database supports this method. To improve the accuracy of this method,
future experiments should focus on collecting more field data and comparing this
method with other estimation methods. To improve the accuracy of this method, the
future should focus on collecting more field data to create a big database of stream
or lake ecosystem and comparing this method with other estimation methods.
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ABSTRACT: Environmental DNA (eDNA) is an effective approach for detecting fish
diversity estimation of aquatic biota. Currently, this method is fast growing and widely
applied. This study employed eDNA to survey the fish fauna in Maechaem basin,
Thailand to assess the fish distribution from the unique high-altitude mountain to the

lowland area with the additional goal of assessing the possibility that can be used for
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monitoring and evaluating freshwater ecosystem by the use of fish characteristics on
different habitat. Water samples were collected on three occasions over a 6-month
interval in the twelve stations of Maechaem River tributaries. Bioinformatics analysis of
MiSeq fastq files detected eDNA with 24% of fish species including 18.72%
Cypriniformes, 5.31% Perciformes, and 0.75 % Siluriformes. We showed a relative
abundance of indicative OTUs data that can be used to predict the fish distribution
status. It was found that fish diversity differs from upstream to downstream, as
predicted between high-altitude locations, where highland species are more than
lowland species. Also, there were specific habitats that support some native species.
Thus, our study gives a novel approach to the assessment of fish distribution in rivers
by eDNA data. From the present study, we can use this method to estimate fish
diversity and can be helpful in the future to establish a baseline data for an effective

management of the river resources.

KEYWORDS: Environmental DNA, fish, monitoring, wildlife management

INTRODUCTION

Indo-Burma hotspot is the rich in biological diversity area, but the less
information on the biology and life history, fish assemblage and are considered to be
among the most productive ecosystems [1]. In Thailand, there are have 3,000 fish
species include 800-1,000 species of freshwater and 2,000 species of seawater [2], and
indeed fish diversity is able to a key indicator in the present-day monitoring of the
aquatic ecosystem health [3].

Fish communities respond to almost all types of anthropogenic disturbances
[4]. The various fish-based biotic indices have been widely used to evaluate the
ecological quality of rivers since the 1970s, and most of them are based on the index
of biotic integrity (IBI; Karr, 1981) [4]. The monitoring of fish diversity in river ecosystems
has depended largely on methods such as gill netting and electrofishing. Those
methods have always been limited by their low sampling dexterity, strict reliability on
taxonomic expertise and require a large and qualified staff, and are expensive [3,5].

Furthermore, electrofishing cannot be performed in low-conductivity waters [6].
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Therefore, we have to new method to save cost-effective, rapid, dependable, and
continuous investigations for monitoring and evaluating fish diversity are crucial for the
well-timed and effective management and conservation of river ecosystems.
Consequently, the application of environmental DNA (eDNA) metabarcoding for fish
diversity analysis has emerged and proposed a new avenue to access the distribution
of fish diversity in river ecosystems [3].

Environmental DNA (eDNA) metabarcoding is a novel method of assessing
biodiversity wherein samples are taken from the environment via water, which DNA is
extracted, and then amplified using universal primers in polymerase chain reaction and
sequenced using next-generation sequencing to generate thousands to millions of
reads [7], large collections of taxa can now be identified with a single analysis [8]. The
eDNA provides a fast and efficient way to disclose biodiversity information. This new
method provides a new way to detect individual species or biological communities in
aquatic ecosystem [9]. The efficiency of eDNA has a highly sensitive detection
capability and increasingly appeared to be a promising non-invasive method for
improving aquatic biomonitoring [9] [10]. Many Researchers successfully applied eDNA
metabarcoding to monitor fish diversity samples, where different habitats in freshwater
and seawater, particularly in the ecosystems of rivers and oceans. The results from
these studies have provided evidence that eDNA metabarcoding is a sound
biomonitoring tool for use in the management, assessment, and conservation of
aquatic ecosystems [11-14]

Here, we used eDNA metabarcoding to assess the distribution of fish species in
Maechaem river. The Maechaem basin is one of Mae Ping River, where are important
of northern Thailand, and serves as an indispensable water resources for agriculture
and industry in northern Thailand. Due to the disproportionate consumption of river
ecological resources and various anthropogenic activities, the Maechaem basin
ecosystem has been badly damased, and its biodiversity has seriously declined,
especially among the fish community. To investigate the distribution of fish species in
this area, and eDNA metabarcoding studies are the new method for Thailand, hence
we surveyed and conducted at 12 different sampling sites, by assign stations follow

from literature [1]. Large amounts of population growth and human activities like,
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industrial development, expansion of agricultural irrigation, and other factors are the
main reasons for pollutants discharged into the river in recent decades make the study
of these rivers a high priority for fish diversity. Therefore, the main purposes of our
study are to survey the distribution of fish along which river structure changes based
on the altitude from seawater using eDNA data and able to use data to the applied

assessment of fish integrity index.

MATERIALS AND METHODS

Sampling sites and collection

The Maechaem watershed is located in the West of Inthanon mountain composed a
large tributary of Ping River basin, in the upper Chao Phraya River drainage, Chiang Mai
Province, Thailand [15]. The Maechaem River originates from the Thanon Thongchai
Mountain in Maechaem District and running through Chom Thong District straight into
the Ping River at the spot where Chom Thong and Hot Districts meet. It is about 117
kilometres south-western of Chiangmai city. The Maechaem sub-basin is bounded by
and has catchment area of 3,853 km2 and shape is narrow and long as shown in Figure
1. The Maechaem sub-basin is bounded by coordinates 18° 06’ - 19°10° N and 98°04’
- 98°34° E [1]. The area consists of high mountainous regions with elevations ranging
from approximately 650 m above mean sea level (m.s.l.) near the city of Maechaem,
to more than 2500 m above m.s.l. on the slopes of Mt. Inthanon, which is Thailand’s
highest peak [16]. The average annual temperature ranges from 20°C to 34°C and the
rainy season is from May to October [1].

The total sampling site was divided into 12 sites (Table 1), which were selected
to cover the main river and tributaries of the Maechaem River. The sampling was
decided on the base of elevation [1, 32], which was relationships to fish distribution
include mountainous zone (3 sites, >1001 (m.s.l.), where are were headwater (waterfall,
high flow, low temperature, low turbidity) site on the West River far from Doi Inthanon,
where the high peak of the river. Piedmont zone (3 sites, 801-1000 (m.s.L.), where
locations were next headwater near the village, where are near the forest (moderate

flow, low temperature, low turbidity).
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Transitory zone (3 sites, 600-800 (m.s.l.), where locations were near agriculture in the
high land and near the village (small river, moderate flow, moderate temperature, and
turbidity) and the last group is lowland zone (3 sites, <600 (m.s.l.), where locations
were near urban and tourist destination (Large river, low flow, high temperature, and
turbidity) site on the low elevation of Maechaem river also in the conjunction of Ping
river in the last station. eDNA from water samples was amplified with vertebrate-
specific 12S mtDNA primers and sequenced on an Illumina MiSeq. We then measured
physicochemical water quality i.e. water temperature (°C), conductivity (mg/l), total
dissolved solids (mg/l), dissolved oxygen (mg/l), pH which were then measured by YSI
556 (multi-probe system) in the field. And other parameters i.e. nitrite (mg/1), ammonia
(mg/l), phosphorus (mg/l), alkalinity (mg/l), hardness (mg/l) were tested in the
laboratory according to standards [17] from various habitat.

In each of 12 sites, water collected by surface and submerging 1- 2 L using
sterile bottles (Thermo Fisher Scientific, U.S.A.) [18] just below the surface near the
shore of the study site. Waters samples followed by filtration of collection onto 0.7
um pore size glass fiber filters (Nalgene) and used decontaminated forceps, fold filter
paper in one-half four times. Place folded filter in a vial filled with molecular-grade
ethanol for preservation and storage and store vials in a cool place away from light
exposure [19], The samples were transported to the lab post-cruise on dry ice and

stored at -80°C until extraction within 2 months of collection [13]

DNA extraction and PCR

The environmental DNA (eDNA) was extracted from water samples by DNeasy blood
and tissue kit (Qiagen, Hilden, Germany), for which we followed the manufacturer’s
protocol. Polymerase chain reaction (PCR) amplification was performed with universal
Primer 125 (5 -ACTGGGATTAGATACCCC-3" and 5 -TAGAACAGGCTCCTCTAG-3') [20]. The
PCR was done in a MODEL 2700 or 9700 thermal cycler (Perkin-Elmer). The PCR was
carried out in total reaction volumes of 10 pL reaction volume contained 2 uL of sterile
distilled water, 5 pL of Mixed buffer, 1 uL of each primer and 1 pL of template. The
thermal cycler profile was as follows: denaturation at 94°C for 30 seconds, annealing

at 45°C for 30 seconds and extension at 68°C for 30 seconds, followed by a final
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extension at 68°C for 10 min and storage at 4 °C. A negative control without template
was carried out for each run of PCR. The amplified DNA was fractionated by
electrophoresis in 1. 5% low- melting- temperature agarose gel and stained with

ethidium bromide for band characterization under ultraviolet trans-illumination.

DNA Sequencing and analysis

The PCR products showing the target bands were mixed in equal amounts, followed
by mix same volume of 1X loading buffer (contained SYB green) with PCR products
and operate electrophoresis on 2% agarose gel for detection. Samples with bright main
strip between 400-450bp were chosen for further experiments. PCR products was
mixed in equidensity ratios. Then, mixture PCR products was purified with Qiagen Gel
Extraction Kit (Qiagen, Germany). Sequencing libraries were generated using NEBNex t
® Ultra DNA Library Pre Kit for Illumina, following manufacturer’ s recommendations
and index codes were added. The library quality was assessed on the Qubit@ 2.0
Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system. At last, the
library was sequenced on an Illumina platform and 250 bp paired-end reads were

generated.

Bioinformatic and statistical analyses

Quality filtering on the raw tags were performed under specific filtering conditions to
obtain the high-quality clean tags [21] according to the QIME (V1.7.0) [22] quality-
controlled process. Then, Paired-end reads was assigned to samples based on their
unique barcode and truncated by cutting off the barcode and primer sequence. Paired-
end reads were merged using FLASH (V1.2.7) [23]. The tags were clustered into OTUs
(operational taxonomic units) by using USEARCH algorithm (Version 7.0.1001) [24] with
were compared with the reference database (Gold database) using UCHIME algorithm
[24] to detect chimera sequences, and then the chimera sequences were removed
[25].  The taxonomic assignment of OTU sequences was mapped to the NT database
downloaded from the National Center for Biotechnology Information (NCBI) GenBank
database by using the Blastn tool with >97% similarity were assigned to the same

OTUs. OTUs abundance information were normalized using a standard of sequence
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number corresponding to the sample with the least sequences. The relative
abundances of species were calculated from the OTU abundance table for each

taxonomic rank and the species count table.

Data sources of fish characteristics

The characteristics of assemblages of Ping river had been described including fish
status, habitats, trophic guilds, and altitude distribution appearance in investigations,
based on the data provided from [1, 26-28]. The classified fish for evaluation are given
in Table 2.

RESULTS

The Bioinformatic analysis of MiSeq fastq files detected eDNA from 24% fish species,
that show Cypriniformes 18. 72% , Perciformes 5.31% , and Siluriformes 0. 75 %
respectively.

The heat map show abundance distribution of the dominant 14 genera among
all samples from 4 zone (figure 2A, B). Mountainous species, mean species inhibiting
the small stream in high altitude area with low temperature, high water current
velocity, and non-polluted. We find mountain 1 (Huai Sai lueng) includes genus
Oreoglanis, Exostoma, Barilius and Glyptothorax. mountain 2 (Huai Pha) include genus
Devario Mystacoleucus and Rasbora, while mountain 3 (Huai Kamin) find only Devario.
Piedmont or foothill species, mean species inhibiting the lower altitude area
mountainous species where are located near the village and the wide of land use of
agriculture also animal farm. We find foothill.1 (Huai Krog) includes the genus Systomus
and Pethia. foothill 2 (Baan Den) includes the genus Devario, Parambassis,
Mystacoleucus and Pethia. foothill 3 (Huai Mae La-oob) includes the genus find only
Pethia. The transitory species, mean the fishes in assemblages live in the lower portion
of the river course, where the river width and depth were more than the previous two
assemblages. This location with agriculture i.e. potato field and corn field. Transitory 1
(Baan Maesa) includes the genus Brachirus, Parambassis, Mystacoleucus and Rasbora.
Transitory 2 (Klong Maehoy) includes the genus Rasbora, Mystacoleucus, Parambassis
and Devario. Transitory 3 (Mae Najorn) only genus Tor.The lowland species mean the

fishes are inhibited in a larger watershed close to agricultural and urban areas, which
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have sand and mud and a large river. Lowland 1 (KM. 4) include the genus Pristolepis,
Oreochromis, Mystacoleucus, Parambassis and Rasbora. While, lowland 3 (Maeping
junction) include the genus Mystacoleucus, Rasbora and Parambassis. Absent fish
from lowland 2 (Obluang), where is a national park.

Fig. 2B, the 12s eDNAs matching genus with declining or threatened populations
were observed in Mountainous zone, including Oreoglanis, Exostoma, Barilius, and
Glyptothorax, while foothill zone, there are showed dominant genus are Systomus,
Pethia, Devario, and Mystacoleucus. The transitory zone, have dominant genus are
Brachirus, Tor, Parambassis, and Rasbora. The genus Pristolepis, Oreochromis, there
are shown in the lowland zone. However, we found a general of genus Mystacoleucus
in all locations (fig. 3), while the general of genus Devario could found in Mountainous
zone to Transitory zone, there are could not found in Lowland zone. For the genus
Parambassis, there are absent in Mountainous zone (fig. 3) and the genus Rasbora
could not found in foothill zone. The majority of taxonomic lineages at the species of
fish, the relative abundance of these taxa was also disproportionally high (fig. 3). By
using different PCR assays, a wide taxonomic lineage including genus Oreoglanis,
Neolissochilus, Devario, Mystacoleucus, Raiamas, and Parambassis were recovered
from the samples.

DISCUSSION

Thailand ranked among the top in the diversity of freshwater fish species [1,29,30].
Although, has been documented at more than 200 species [30] in Ping river, the lack
of data and information on fish is very poor, especially in this region [1,29]. Moreover,
freshwater ecosystem, where various freshwater ecosystems including waterfall and
mountainous habitats, shooting flow stream in the first-order stream, Secondary order
stream with rock and gravel bed was located in the mountainous stream, secondary
order stream with sandy bottom was located in lowland area and river mainstream [1],
it’s difficult collect fish also deferent of ecology effect to biodiversity. In the past, have
received much less focus in terms of conservation prioritization exercises [1]. Molecular
analysis of environmental DNA (eDNA) can be used to assess fish diversity and
overcome the limitations of conventional survey methods, substantially reducing the

stress to captured fish and the disruption of habitats [3,31]. On the other hand, the
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traditional fishing method viz,, sillnet, trawling, fisherman, and electrophoresis fishing,
etc. affect all aquatic habitat, and these methods require the precise identification of
species morphology, nevertheless, fish diversity is still not yet investigated and
presents a high level of endemism in some areas [3].

In this study, we demonstrate that the detection river eDNA correlates with fish
diversity and distribution as determined by a literature review [1,32] and differs by
native species with a special habitat, which the most used eDNA to study of survey
fish abundance or detect rare species also predicting anthropogenic pollution
[3,9,33,34]. The diversity index and species richness of tropical fishes was depending
on altitude, water depth, stream width, and distance from the sea and six
physicochemical parameters i.e. DO, water temperature, pH, conductivity, phosphorus,
and alkalinity were relationships to diversity parameters [1]. To our knowledge, this is
the first time used eDNA detect fish diversity in Thailand, which we used for a survey
of fish diversity and distribution in Maechaem River, these results support eDNA for
freshwater fish assessment and highlight limitations and aspects needing further study

To date, very limited studies have been conducted on the fish diversity of the
Maechaem River, and lack of data on fish diversity [1]. In the present study, we
investigated the fish diversity of the Maechaem river ecosystem with used eDNA
metabarcoding for confirm the database, and we present the results that eDNA can be
used to monitor fish diversity or distribution of aquatic ecosystem. For Maechaem area,
we decided on the base of elevation [1, 32], where was relationships to fish distribution
and too much of ingredients in the river of this area, it makes it difficult to filtration,
therefore we choose collected water sample on the surface and submerged. We
collect the water sample 1-2 liter of standard of the stream [18] similar another author
[13,31,33], but for the marine used 20 liters [3] to 100-liter [12] depended on the size
of the water ecosystem. Besides, some area such as Nam Theun River is a case study
the river connection the dam, the sample water was collected in 3 different depths
(bottom, middle, and surface). In addition, we use the pore size 0.7 pm fitter similar
Nansha wetland used 0.8 pm, in contrast, they are using 0.22-0.45 pm pore size [13,33].

This study showed fish species distributed of Mountainous zone viz. ,

Oreoglanis, Exostoma, Barilius (Barilius) and Glyptothorax, which relatively correlate
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low water temperature, fast-flowing, with swift currents and stony to rocky substrate
species, where are habitat this group [35]. These groups are intolerant species and
benthic species (Table 2), they have to well adapt to the special habitats with flattened
belly, adhesive maxillary barbel and pair fins, streamline body shape, and aerodynamic
dorsal part, according to Wootton [36], fish in the environment must be adapted to
cope with the variable water flows. They are also feeding on the small invertebrates
(Table 2) and aquatic insect larva on the rock [1]. Indeed, especially genus Oreoglanis
(O. siamensis), inhabiting endemic to Inthanon mountain and sensitive to any
anthropogenic perturbations which disrupt stream flows of the extended period and
there were according relationships of fish assemblage was negatively correlated to
inhabited in the mountainous zone [32], also genus Exostoma, particularly E.
peregrinator (Table 2), inhabiting endemic to Maechaem river [30]. However, we find
alien species viz, Oreochromis (O. niloticus) relative of tourism destination, impacts of
them on biodiversity conservation of less concern than impacts from changes in the
ecosystem [35].

Foothill zone, the dominant genus are Systomus, Pethia, Devario, and
Mystacoleucus. they are intolerant species and insectivore, except genus
Mystacoleucus (M. obtusirostris), they are tolerant species (Table 2). The genus
Mystacoleucus, is the most widely-distributed species, small to larger streams with
substrates of gravels, boulders, and sand, and often present in rock and boulder-filled
headwater streams [15,30]. The Mountain zone could find in high altitude elevation at
600-900 (m.s.l.) [15], different from this study, the distribution of them showing from
the mountainous zone to lowland zone (Fig. 2-3), they can move between areas, i.e.
upper and lower sections of the river system due to their opportunistic reproductive
behavior and feeding habit [35].

Transitory zone, this study area showed genus Brachirus, Tor, Rasbora and
Parambassis, there are dominant of this zone. This appear tolerant species i.e
Mystacoleucus, similar foothill zone. The genus Parambassis (P. siamensis) is a tolerant
species and carnivore (Table 2), the habitats were rich in dietary organisms regardless

of seasons and faster growth to be attributable to the higher temperature [37], implying
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that the adapted relative to change environmental, the survival well than another
species.

Lowland zone, this study area showed dominant genus Pristolepis and
Oreochromis. The genus Pristolepis (P. fasciatus), which are tolerant species and
carnivorous species (Table 2), inhabits slow running or still waters in reservoirs,
marshes, swamps, and rivers and the varies of food with the season, depending on the
environment where fish live at any particular time [38]. Meanwhile the genus
Oreochromis, which are alien species, tolerant species and omnivorous (Table 2), this

species is distributed of Thailand.

CONCLUSION

Environmental DNA analysis demonstrated the performance and fast becoming
an important tool for ecological studies and for aquatic biodiversity. Although the
results of eDNA were showed dominant species for this study, some species in the
area, that exhibits high endemism, are still unknown in DNA databases. Therefore, the
database of species of DNA is important for the case study. In the future, the reference
libraries must continue to improve the taxonomic assignment quality when using the
promising eDNA. These results are of broader interest because of an increasing
anthropogenic human activity in the ecosystem and the new methods for assessing
fish diversity without disrupting to stream and save cost. We believe that the eDNA is
represented as a next-generation tool for efficient, and standardized monitoring of
aquatic biodiversity in river ecosystems also can be used assessment ecology health
based on fish characters. Thus, this approach can therefore deliver key data for applied
research and evaluation for ecology in the future.
Acknowledgements: The authors thank the Thailand Research Fund and Nation
Research Council of Thailand for providing a Royal Golden Jubilee Ph.D. Program (Grant
PHD/0132/2558). The Faculty of Fisheries Technology and Aquatic Resources and the
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Table 1 Description of the sampling in the Maechaem River

Station Site code. Coordinates Elevation
1 Huai Sailuang 18°31'27.66"N 98°27'17.32"E 1,057 m.
2 Huai Pha 18°51'52.30"N 98°13'19.33"E 1,088 m.
3 Huai Kamin 18°48'47.87"N 98°31'43.01"E 1,244 m.
4 Huai Krog 19°6'0"N 98°18'20"E 988 m.
5 Baan Den 19°03'47.62"N 98°17'48.10"E 970 m.
6 Huai Maela-oob 19° 1'43.13"N 98°15'58.06"E 990 m.
7 Klong Maehoy 18°45'50.97"N 98°19'33.40'E 725 m.
8 Baan Maesa 18°48'49"N 98019'53"E 632 m.
9 Mae Najorn 18°41'05.13"N 98°22'33.87"E 540 m.
10 Maechaem (Obluang) 18°13'27.6"N 98°28'55.1"E 343 m.
11 Maechaem (KM 4) 18°12'26.6"N 98°35'25.1"E 285 m.
12 Maeping junction 18°11'20.1"N 98°37'59.2"E 260 m.

Table 2 Classification of fish assemblages in terms of origin, trophic group, tolerance,

altitude distribution and habitat of Maechaem River.
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Trophic IUCN
No. Family/ Species Origin Tolerance Habitat
group status
Osteoglossiformes
Notopteridae
1 Chitala ornata (Gray, 1831) Na’ CA*’ TO wc? LC
2 Notopterus notopterus Pallas, 1769 Na® CAV 2?2 TO? wc? LC
Cypriniformes
Cyprininae
3 Paralaubuca typus Bleeker, 1865 Na® IN>® T PG® LC
4 Barilius pulchellus (Smith, 1931) Na® INT 23 I PG * LC
5 Devario annandalei (Chaudhuri, 1908) Na' IN' e PG &' LC
6 Discherodontus schroederi (Smith, 1945) Na® ON"2? I wc? LC
7 Riamas guttatus (Day, 1870) Na® cA® I’ PG’ LC
8 Rasbora paviana Tirant, 1885 Na® INY23 I PG’ LC
9 Amblyrhynchichthys truncates (Bleeker, 1850) Na® IN*' I’ wc? NE
10 Barbonymus gonionotus (Bleeker, 1849) Na® ON" %23 TO! wc*? LC
11 Barbonymus schwanenfeldii (Bleeker, 1854) Na’ ON’ TO* wc? LC
12 Cyclocheilichthys repasson (Bleeker, 1853) Na® IN? ITé wc? LC
13 Garra cambodgiensis (Tirant, 1884) Na® ON! %2 e BT LC
14 Hampala macrolepidota Kuhl & van Hasselt, 1823 Na’ CA S TO' wc? LC
15 Henicorhynchus siamensis (Sauvage, 1881) Na® ON'#? I’ wc? LC
16 Labeo chrysophekadion (Bleeker, 1849) Na® ON *' m BT LC
17 Labiobarbus leptocheilus (Valenciennes, 1842) Na® ON? I BT LC
18 Mystacoleucus obtusirostris (Valenciennes, 1842) Na® IN*2 TO* ¢ wc? LC
19 Neolissochilus stracheyi (Day, 1871) Na® ON"? I wc? LC
20 Poropuntius bantamensis (Rendahl, 1920) Na* ON® e wc? LC
21 Puntioplites proctozysron (Bleeker, 1864) Na ON 1%? T wc*? LC
22 Puntius brevis (Bleeker, 1849) Na® IN">? I wc? LC
23 Systomus rubripinnis (Valenciennes, 1842) Na® INY 23 IT> we *° DD
24 Pethia stoliczkana (Day, 1871) Na® IN? I’ wc? LC
25 Scaphiodonichthys acanthopterus (Fowler, 1934) Na® IN? T’ BT LC
26 Tor tambroides (Bleeker, 1854) Na® ON!: %2 T wc? DD
Botiidae
27 Syncrossus beauforti (Smith, 1931) Na® IN22 I BT NT
Balitoridae
28 Balitora brucei Gray, 1830 Na® IN® T BT NT
29 Homalopteroides smithi (Hora, 1932) Na® IN© 22 e BT LC
30 Pseudohomaloptera leonardi (Hora, 1941) Na® Nt 23 T BT LC
Nemacheilidae
31 Physoschistura chulabhornae Suvarnaraksha, 2013 Na ON IT BT LC
32 Schistura breviceps (Smith, 1945) Na® INY2 e BT DD
33 Schistura bucculenta (Smith, 1945) Na® NV 3 T BT LC
34 Schistura geisleri Kottelat, 1990 Na® IN 2 I BT LC
35 Schistura spilota (Fowler, 1934) Na® IN2 T BT’ DD
36 Schistura waltoni (Fowler, 1937) Na® IN 23 T BT DD
37 Schistura maejotigrina Suvarnaraksha, 2012 En’ IN %2 N BT’ LC
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38 Schistura pridii Vidthayanon, 2003 En IN %3 I BT EN
Siluriformes
Siluridae
39 Kryptopterus cryptopterus (Bleeker 1851) Na’ IN? IT wc? LC
40 Phalacronotus bleekeri (Gunther, 1864) Na® CcA*T IT pC? LC
41 Wallago attu (Bloch & Schneider, 1801) Na® CA S T wc? NT
Pangasiidae
42 Pangasius macronema Bleeker, 1850 Na® ON? IT wc? LC
43 Pangasius polyuranodon Bleeker, 1852 Na’ ON*' IT wc? LC
Bagridae
a4 Hemibagrus spilopterus Ng & Rainboth, 1999 Na® CA® TO BT LC
45 Mystus singaringan (Bleeker, 1846) Na’ CA S TO? BT’ LC
Sisoridae
46 Bagarius yarrelli Sykes, 1839 Na® CA® IT BT’ NT
ar Exostoma peregrinator Ng & Vidthayanon, 1014 En’ IN? T BT’ DD
48 Oreoglanis siamensis smith,1933 Na® IN? T BT’ EN
49 Glyptothorax trilineatus Blyth, 1860 Na® CA2? I BT LC
50 Glyptothorax lampris Fowler, 1934 Na® cAh*? T BT’ LC
Gobiiformes
Ambassidae
51 Parambassis siamensis (Fowler, 1937) Na® CAh23> TO wc’ LC
Cichliformes
Cichlidae
52 Oreochromis niloticus (Linnaeus, 1758) ALsER ON'? TO® we? LC
Cyprinodontiformes
Poeciliidae
53 Gambusia affinis (Baird & Girard, 1853) AL ON’ TO' PG’ LC
Synbranchiformes
Synbranchidae
54 Monopterus albus (Zieuw, 1793) Na® IN 2 To?? BT LC
Mastacembelidae
55 Macrognathus siamensis (Gtinther, 1861) Na IN 1222 TO® BT’ LC
56 Macrognathus taeniagaster (Fowler, 1935) IN BT LC
57 Mastacembelus armatus (Sykes, 1839) Na® IN' 2 TO? BT’ LC
Anabantiformes
Osphronemidae
58 Trichopsis vittata (Cuvier, 1831) Na® IN"2 TO' PG’ LC
Channidae
59 Channa gachua (Hamilton, 1822) Na® CAl®3 TO? wc? LC
60 Channa striata (Bloch, 1793) Na® cab?? TO? wc? LC
Pistolepididae
61 Pristolepis fasciatus (Bleeker, 1851) Na® ON 22 TO?® wc? LC
Pleuronectiformes
Soleidae
62 Brachilus harmandi (Sauvage, 1878) Na’ ON>T IT BT? LC

Perciformes

Toxotidae
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I 63 | Toxotes siamensis Kottelat & Tan, 2018 Na® IN® T pC? | LC

Origin (En= endemic species, Na=Native species and Al. = Alien species), Trophic group (ON= omnivores, IN= insectivores, and CA=

carnivores), Tolerance (IT=intolerant species, TO=tolerant species), Habitat (PG = pelagic species. WC= water column species. BT= bottom

species), Altitude distribution (MT= mountainous species, PM=piedmont species, TS= transitory species, LL= lowland species) IUCN red list

status (DD=Data deficient, LC= Least concern, NT= Near threatened, VU= Vulnerable, EN= endangered, CR= critically endangered, NE=not

evaluated)

Note: The number in exponent corresponds to the following reference; 1. Suvarnaraksha (2003); 2. Suvarnaraksha (2011); 3.
Suvarnaraksha (2017); 4. Vithayanon (2017); 5. Rayan and Ngamsnae (2014); 6. IUCN red list (2020); 7. Fishbase and 8.

Information from expert
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Abstract

Hampala salweenensis, is an endemic species in Thailand. Present study,
complete mitogenome and phylogenetic implication was analyzed and described. The
whole circular mitogenome is 16,913 bp in total length, consist 13 protein coding
genes, 2 ribosomal RNA genes 22 transfer RNAs, and 1 control region (CR). The overall
of base composition was 33.6% for A, 26.3% for C, 25.3% for T and 14.7% for G. A
maximum phylogenetic tree showed H. salweenensis is closer to H. dispar. This result
expected to be contributed for further molecular and phylogenetic analysis within
cyprinid fish.
Keywords: Hampala salweenensis, Smiliogastrinae, complete genome, phylogenetic

analysis.
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1. Introduction

The cyprinid fish genus Hampala consist 7 currently recognized species that
widely distributed in the Southeastern Asia (Kotellat 2013). All species member showed
a unique variation in coloration due to geographical distribution (Doi and Taki 1994,
Ryan and Esa 2006). Among members of the genus, only complete mitochondrial
genome of H. macrolepidota has been full determined (Liu et al. 2015). The fish H.
salweenensis is an endemic species that distributed in the Salween river basin
Northwestern Thailand (Doi and Taki, 1994; Suvarnaraksha, 2010). Detail of life history
of H. salweenensis is still unknown to date. Present study aimed to describe complete
mitochondrial genome and reconstruct phylogeny relationship of some members of
subfamily Smiliogastrinae that will contribute for further understanding of genetic
analysis of cyprinid group.

The fish specimens of Hampala salweenensis were collected from Mae Ngao
River, middle reach of Moei River, Mae Hong Son Province, Northwestern Thailand
(geographic location: 17°50°36.0”N 97°58”39.3”E). All fish sample for molecular DNA
analysis was preserved in ethanol 95% and deposited at Maejo University
(www. global. mju. ac. th, Apinun Suvarnaraksha, apinun@miju. ac. th) with voucher
number MARNMO006504. Genomic DNA was extracted from fin and muscle tissues. Long
Polymerase Chain Reaction (PCR) technique (Miya and Nishida, 1999) was employed
to amplify the complete mitochondrial genome.

The complete mitochondrial genome of H. salweenesis is determined to be
16,913 bp in length containing 37 genes including 13 protein-coding genes (PCGs), 2
ribosomal RNA (rRNA) genes, 22 transfer RNA (tRNA) genes, 1 light-strand replication
origin (OL) and 1 control region (D-loop) gene. Typical gene arrangement was found
similar with vertebrate mitochondrial genomes (Chen et al. 2014, Liu et al. 2016). The
nucleotide composition was 33.6% for A, 26.3% for C, 25.4%for T, and 14.7% for G
with slightly tend to AT content 59%. Most identified PCGs were encoded in H-strand,
except for ND6. Among PCGs, only COI start with typical codon GTG, while remaining
genes started with codon ATG. For tRNA genes, most of the them were located on the
H-strand except eight others (tRNA-Gln, tRNA-Ala, tRNA-Asn, tRNA-Cys, tRNA-Tyr, tRNA-
Ser, tRNA-Glu and tRNA-Pro), which are located on the L-strand. The two ribosomal
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RNA genes, including 12S rRNA with 953 bp and 16S rRNA with 1681 bp in length. The
non-coding regions included a short noncoding region with 35 bp in length and control
region (also known D-loop region with 1285 bp in length, each gene located between
WANCY region (region for five tRNA: Trp, Ala, Asn, Cys. and Tyr) and between tRNA Pro
and tRNA Phe, respectively.

Phylogenetic relationship was reconstructed using 13 PCGs of 23 species of
Smiliogastrinae and Danio rerio as an outgroup that selected from NCBI. Phylogenetic
analysis was performed in standard RAXML (Stamatakis, 2016) with 1000 replicates.
Model GTR+G+l used as substitution model based on Akaike Information Criterion (AIC)
estimated by MrModeltest (Nylander, 2004). Maximum likelihood tree result presented
that H. salweenensis is closer to H. dispar. Similar with previous study, genus
Clypeobarbus and Barboides were found in one clade with Enteromius (Yang et al.,
2015). Further studies using others taxon within Smiliogastrinae subfamily is necessary

to give more insight of their evolution and biogeography within cyprinid fish.
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Figure 1. Phylogenetic tree of subfamily Smiliogastrinae species based on maximum
114 likelihood (ML) using 13 PCGs. Bootstrap support values less than 50% are
not shown. The 115 number after species name is the GenBank accession

number.
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and Ngamsnae, 2014) Tunguiuminiaunsnasuldiininddsuutamionansenuain
AunssuvaaywddamaneUsinaauvainviavesdniin dmsuiwnin Hybrid (Hu et al,
2007) IWluunanidaviduiosnlusiinnisdrsisnnuvarnansveswiadanied 2004

nunauuan (Clarias hybrid (C. macrocephalus x C. gariepinus) and Oreochromis hybrid)

= & v ° a1 a . . Aa |a a X a
Fanauil anunsodevieuduualydanadiu (Alien species) HHUSuauinTuLunngulan

q

1
A A

Mudes dangdsauisaeiuiefsgunuussuuinanivdguudasll 9 (Aparicio et al,,
2011) Fanudsinsiruaunsnaanatd azlinulunguuvsnidmivussiuumvasdnle
waluinils wulunglaanumsni (Alien species) @unsausttenisildsundasluvesssuy

N a

el (Petriki et al,, 2017) ASHANIIUIUVRIAITTIMUAINY AU UA B ULl A



225

fananidunasnansansenuannanudidnelassaiaguvulaniunaiuiu Wolter et al.,
2000)

avEnnaungAnTunsAueims (Tropic composition) Ensldi3udududgausn
(Karr, 1981, 1986) anguiidauddyesraunndsazioulmlumalasuuaddaseads
v039sUsznaUNdlaTUINTg (Karr, 1986) dwdumsdnwiadell wiseondu 3 nqundnde
omnivores, insectivores Wag carnivores aamﬂé’aqﬁ’uswmmﬁmumﬁﬁauﬁwé’ﬂq 3 LN5n
‘if(Araujo et al., 2003; Cai et al., 2020; Pinto and Araujo, 2007; Pont et al., 2006; Raburu

(%
Y

and Masese, 2012; Wu et al., 2014; Zhu and Chang, 2008) A (1) Wosidusiuandinusie
fiwuazdniiduomns (omnivores) ilutaniiuomslaiidenlidnaziivniodn Juegiu
YA 918 §ANTA LeN1a USunaagauauisalun1smieImis (Suvamaraksha, 2017) 370
wyAnssun1sAnemnsldvainvatsuaraunsausuialdfreaninwindeudidonasasd
Usunaswdinsanaanniy (Rayan and Ngamsnae, 2014) (Wu et al., 2020) (2) \Wasidus
Uanfifuuuanduemis (insectivores) anndnvagiinidudivsvendenisivemsietin
Buuuunazivudunsvefidinungsingans wu Yardaluld (Suvamaraksha, 2017) ¥
Tamindegluwmdsiisingmnifanisuisunlasesundsiiogorfodoudmanouiund
anas (Schinegger et al,, 2013; Wu et al., 2014) waz (3) 1Uas g ud Uai7i 19 ugdn

[

(carnivores) dnwaizdfandeath udass 1euig duruuasudauss Tanvaralddunas
Tntl9raenoadv1d (Suvarnaraksha, 2017) é’ﬂwmzmaﬁﬁﬁﬂﬁéfmmm?iam%aﬁuﬂ'cjmé’milﬂu
9113 mnidalassadsdadiutesriavatanasdondsmalinduianadludae Wuwin
fnlUadu1a1n (Schinegger et al., 2013) @aaAasdiun13318971uUlu Sinos river Tulszina
US98 ﬁiﬁi’fﬂ@'MW%ﬁ% 3 it WU (Costa and Schulz, 2010) @eAAdDsfUTIBIU (Wu
et al.,, 2020) wuaunInnquwgAnssunIsnuemiseonidu 4 wninlae 2 Tu 4 fuito
omnivores Way camnivores WuliafumsAnuasel dausn 2 wnsniiuandnsiowwnsn
Herbivores wag Filler Feeding 9 nszuufinAuasadiauaniunnsinefu dafunisfnwinguil
ﬁuagUJ'ﬁ’uamwu’mé’auLLazIﬂsqa%fNﬂajmﬂaﬂuﬁuﬁfu 9 M3ANYISeINIAUMNTBIUAN
o ungnlunisusadiuanudunusluszuudinanian (Amarasinghe et al., 2008;
Suvarnaraksha, 2011) 2INA@NVAAIIUUANANNYDITUTI WOANTTY UazAUNwUET YR
Frinervesusazviinfionvvviinuduiudivaunavesa qgna waziumvsiiegluuvas
1 (Pusey et al., 1995; Suvarnaraksha, 2011) u8nan 3 amsndiung Sellseeuieaty
FURUULUNS NLENAINUTELANAISANDIMNSTEN LU Planktivorous (Argillier et al., 2013)

Piscivores (Argillier et al., 2013; Pont et al., 2006), Hyperbenthivores/Zooplanktivores
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(Pont et al., 2006), Hyperbenthivores/Pisciviores (Pont et al., 2006), Detrivores (Khalaf
and Kochzius, 2002), Microbenthivores (Gabriels et al., 2010), Herbivores (Pont et al.,
2006: Wu et al., 2020) Tuusewelnesissunisiduminie 3 wnsn lngunnsiiemsaamsn
A Camivore Hteulvlisiunguuaneanusanselasuuriiinamindenanaansausn
seunmuamtandufuliunaisesnanfiuld (Rayan and Ngamsnae, 2014) ulsiny
wn3ndanannlunsussifiuundniluguiimianiang Susen (Gnswal wazany 2553)
Fatuavinnauiazduiusiu Ao nquuaniidusivuasdmuntudsmadeuandinuldly
¥iinp1mnsiandn 1 nguarAuusas Wud vide mndingudaniidudn fusinasnnazdia
sodnivuindnituiiy mIvgauzinvesesitinanmsgosanmeviliiesidudidn iiudiv
anasLardnduvesdniAuivuardniAudoanas (Bozzetti and Schulz, 2004) wagns
WasuulamesiiegordedsdinansemuseUsinaonauiisae 1wu dnifuie (camivores)
LAzUNAT (insectivores) wag fuwnliiuanasmunisidsunlasiiegenfovesninty (Hara
et al., 2019) Tuynsmssfudrutumin omnivores fuwliufiwsfiudufionovausssants
SUmmﬁaamﬂé’miﬁﬁuizjLﬁaﬂmmmﬂ%’mzwgﬂLLUWﬁﬂmmsﬁﬁmsLﬂﬁauLLﬂaqLﬁa
povauesianInUdsuutasassinewsluunasin (Zhu and Chang, 2008) uaziam3n

omnivores §sanunsavanfisuSuuneanesariaswulunsiaaiula (Petriki et al, 2017)

[
v a

19NN 3 ﬂﬁja\lﬁa\‘iuaﬂi’ﬂ,uﬁﬂ planktivorous W& piscivorous (Argillier et al., 2013)

[y a

nauuvsniegenAuluunaniagyisuisseauguameesiidunisiuemsiazan v
299019115 (Li, T. et al., 2018) Gednuwaizvasiuiaul Wutladeimdusununisidonatved
seuudndle @nsWad wazane 2553) naanizluwnastiiluaiedinisiasunuasdneuy

a s

niimansviseguse wiaianisasaden vliAsnisanazneu ineudemevesnisina
mmssmﬂaLLazﬁﬁ’mmwmsawawmawa']LLaqumaﬁiaﬁagjawﬁaﬁqszuuiuszuuﬁl,fgﬁ (Hu et
al., 2007) dmuaminluunanindeuaziilng Avuawvsnvileudusy 3 wmsn loun
pelagic species, water column species Way bottom species IngLunsn pelagic species
Gk Umﬁmﬁ’mzﬁuﬁagmﬁaﬁafﬁ fefuuuasuuAniuasdutinieddied wriniey
anaafiefinsiasuntamisdandsy Faulawnain Wu et al., 2020 BN
ATy wuludssmesu (Wu et al, 2014) sufasithus@a Sh8uaus (Costa and Schulz,
2010; Joy and Death, 2004) laiwusiesrunsldumsnasnaiiludsemalneg

dmfuLan3n water column species ang uuanfl erdeag uiamnananfing
\aouRiTuactng fauUasnain (Wu et al, 2020; Wu et al., 2014; Zogaris et al., 2018)

& o = N l | & A% A
ﬂaqilu‘USNQWU?U@@@Q‘VHﬂ@JﬂW?L‘Ua EJULL‘UaQSUENLLWaQWa‘USUBUIUWu%u’]uq (Rayan and
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Ngamsnae, 2014) luv3niliinasldwarnuanensluudiius@a (Costa and Schulz, 2010)
wazlunisussduunasiifinnsyaaonaasinuinduansznudeUunatainguiionde
swinenanauasiueuinfianasiuusiamiin Zeeschelde Ussinauaion (Breine et
al,, 2010) lutsemdlnedsenuldamindnanlufufiguisuesns ednlvgidundy
anmuﬂau%%’magﬂumm‘%ﬂﬁ (Rayan and Ngamsnae, 2014)

d1umin bottom species AanguUanfifinginssuendoungmauaguinmiiures
11 $198991nuase (Karr, 1986; Lyons, 2012; Wu et al., 2020; Zogaris et al., 2018) 1Ju
wvinuandliiiuindadtiaueiadaulrenissesaaedadunamnannnnasnouuas
nsgaidseondiaulunirduid ssonminduiuemsuazuns iugluilegerdentindy
(Bozzetti and Schulz, 2004) é’miwﬁﬁuﬁmmhﬁaammwﬁﬁﬁhjﬁmmL%m%usuaaaaﬂ%mu
duaransfinfiazaneglupgnoudesnmanduldiuiivanasnaiilunisnily (Pinto and
Araujo, 2007) ?ﬁﬁ%‘imumL§mﬁmumWﬂaﬂﬁaaguuﬁuuazﬁuami'}EJLLazLL@JaW%é’mﬁﬁﬁ
ﬂiz@vﬂauuwa“ﬂﬁl LA ULRUUR UNS 9n B UNTINLY U Ceratogarra cambodgiensis,
Pseudohomaloptera sexmaculata Wag Schistura sexcauda daué’ﬂwmzmqgﬂéwmmm
Uaﬂﬁﬂl,ma'ﬂﬁagjmﬁﬂ S ﬂ&jﬂJ Homaloptera ssp., Balitora spp. Wag Glyptothorax spp.
(Kottelat, 2013) 5331814 Oreoglanis siamensis annduﬁwﬂuwdﬁﬂwaLm wEnidng
Tdvannnanestsluunsiiiusi@a (Costa and Schulz, 2010) luusemalnefisesuldiumsn
é’maﬁﬂuﬁuﬁ?juﬁmuaams (Rayan and Ngamsnae, 2014) usll@aim3niin Number of
darter species AMULUULAY (Karr, 1986) wazAmnusnwwesam3niiddediutsdoafiadn 3
LIVIN mm%’agaé’ﬂwmzﬁuﬁmﬁﬂuﬂﬁé’wi:;fommwa’1ﬂ‘wmsmﬁamwmaqmﬂm%uLLaﬁm
auysalva (Suvamaraksha, 2004) fimaifiufogiamneaiiddsy uavanansouUsiavasiiu
Tosthuanseiusenty 12 @il fatu

nsindulalunisinumaniniadusn 3 wnSnie rocky and stone species,
sandy and gravel species wae silty to muddy species Huflanuuansnslugiuesumaiy
va ilosnunaainluaiifiesud 3 seduwintiy :nmsAnwmanzLuwings st 6 Wnsnil
Aeafuiiuioniazuulifiruuansafy egfinzuuy 1-2 whiy seazuuuassnesue
famaidsuutasiiurenifiudeuly ﬂwiamﬂ%mmﬁumUamﬂizﬁuﬂ?ummmﬁwaﬂﬁ?fmLﬁ]u
Fanulgdesnndmiumsniildluumanirds (Argillier et al., 2013)

nau Tolerance nsldiaminnguiliiudou® 1981 (Karr, 1981) WWunguazsioueniu
seulmvesvinuan (Pont et al., 2006) utseanilu 2 wnsn Aevariifaugeulmsienis

WaesuUas (Percent of intolerant species) waz Woasiduduaifieanunenisildsunlas
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(Percentage of tolerant species) éhw%’*ume%ﬂﬂdmﬁjﬂumjwmﬁLéui%’éigaLLquﬂLLiﬂ (Araujo
et al., 2003; Karr, 1981) uaziin1sihunldegraninunaufeunngiinia (Costa and Schulz,
2010; Jia et al., 2013; Joy and Death, 2004, Li, F. et al., 2018; Li, T. et al., 2018; Raburu
and Masese, 2012; Van Qosterhout and Van Der Velde, 2015; Wu et al., 2020; Wu et
al., 2014) uazidumsnfifinulisedwindeuddoulnsy (Das and Samanta, 2006;
Krause et al., 2012; Wu et al., 2014) Imanmﬂdm%ﬁmﬁlﬁamwufmwwlﬂﬂa;uLLiﬂﬁ]ﬁﬂ
anwindeudidenlnsuas (Oberdorff et al., 2002) Tuéuzuz‘ﬁ'LU@%L%us?maaﬁuﬁ:Umﬁﬁmm
aaMuazLLT U (Lyons, 2012; Schleiger, 2000) Imaﬂﬂﬁﬂa’mﬁjmf%ﬁﬂizmm%’aaaz5—10
vosaniidanueanilasanguiazisiaunniudowdaihinnudsuulasiomnand
LLamamstWLLazﬂmmﬁmﬁmﬁumLmuﬁﬂfcjuﬁhiﬁmmawuﬁuﬁ (@ufnm wae Usidln,
2562) wiinnguilllaidluaafoutunazwamuduluiuil Northem Glaciated (Argillier
et al,, 2013) luusith Weihe lutsewmeaiu (Wu et al., 2020) sauviadmsuinnsesidels
Wuieniu wuluusnatinudi Hooshly Tuussmaduie (Das and Samanta, 2006)
UONIN 2 N3N uaa FaflsrpnuferfuguuuuimEnue nmuUsEIANANLeANUR BN
WE vunUasdnigu Tolerant to oxygen deficiency (Belpaire et al., 2000), Intolerant to
oxygen deficiency (Didier, 1997), Species that need shelter (Belpaire et al., 2000),
Species that are habitat sensitive (Mostafavi et al., 2015) @115 uUszINAlNENUII89U
nsldamsnite 2 winluguiesmensTusenueding GvidWand uazane 2553) wagiudl
fauthvonns (@udnd way Usde, 2562) dwiumsdnwadilnansiuusiureaurinngy
fluundairdsdnoglussduunansiinnulndifestufuiiuiiguimuesns wandfifiui
anetusonnu Wdudlethiinnudenveunduh dmansenusounamsldvesuuas vied
ogvosdnilifinszgndundsdadueimsvesddfidinvuadnuazviaisnmzaenivs
fenan dmsldedavanduitdfanuameesundailuangineng fusen 3 siinde
Esomus metaliiicue, Labiobarbus leptocheilus Wag Barbodes gonionotus I@EJWU’inﬂ 3
silnannsonvluuna s fidoudradenlnsuld luvaedl Lepidocephalichthys hasselti
Aaudy ludusuaisaudwdundauaiwlad (Suvamaraksha, 2011) uazana
Oreochromis Wazana Clarias W uvdadamunumudenisivasuulamiaaiivasiidnd
aunsanusauan1zld (Raburu and Masese, 2012) 52U Parambasis siamensis fawu
ﬁuﬁmﬁmmaaLﬂ%ﬂgLﬁUMléfﬁImMﬁﬁummaqama (Okutsu et al., 2011) awﬁuﬁ:ﬁwuﬁiami
uninszaeasaniseRausduihauiuidis sl londlunsusdnaunim

wardndouiild (Khalaf and Kochzius, 2002) 1y Mystacoleucus marginatus @3130
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Usuilannuunde wavaiuisaeg sealaatunisidsundasunasinlaa (IUCN, 2020;

Suvarnaraksha, 2017)

Aa o a

miuﬂammaﬂwmxmﬂﬂﬁ (Number of disease health) (Wu et al., 2014) \Juiun

' [
= =

Sniwansiegunuazanimveslausazd Foulumaiidifetulivestnvielsioglulyd
SredefildFunansenudendian uiinAnduluuvasidarsvudounarluvinaddarsiadi
Wuiy WDuuasnsdeundu (Barbour, 1999) mﬂmiﬁﬂmﬁm%’uLmdqﬁwﬁqﬁﬂmuu 2"
LANE19917 WA 9 umue M sTaed AzLuLAYA M YDILNE LYY 5 (Rayan and
Ngamsnae, 2014)

avinlval 4 uwindmsuundsailvanidy Sshiflsenuinieu Aewviniluansds
Aruduitusszrinsmugenssiuimsauazsrssisnsalutafeoviniidnadonin
Sr5vdauarlassasisvesyuvuvanluug v (altitude distribution) Usee neia1n
(Suvarnaraksha, 2011; Suvarnaraksha et al., 2012) Usenaunag (1) ‘Ua’lQL“U’l (Percentage
of Mountainous species) mﬁmsﬂﬂ%ﬂﬂiﬁﬁmumﬂﬁjm‘fﬁizﬁummqqmm’h 1001 Lums

PnTERUdImMea dulrguanquilszerduegluniiuinssualvanse wunaulauaanadiuly

29 Sisorids (O. siamensis wag G. trilineatus) LLazﬂEjﬂJ’NﬁiJmﬁa (@na Schistura Wag @na

Homaloptera) fin1sUsudiluisesgusaniidnuugginarlassainveslnigigdaniegiu

Y

[y

Yanlaun (Suvarnaraksha, 2011) (2) UafuLwn (Percentage of Piedmont species) n13@ns

q

[
[

afelisnmuanauilidseauaugaIsening 801-1,000 wnsaNsEeUIMEa WU Opsarius
pulchellus wag Discherodontus schroederi (3) Uan588# @ (Percentage of Transitory
species) NAUUaIMIATY (transitory species) MsANwIATIllTIMTUANguiiseAUAILES

381379 601-800 LUATINATEAVUINLLANY 5 VA 19U Mystacoleucus obtusirostris uag

' (%
= LYY

Systomus rubripinnis waz (4) Yafiusu (lowland species) vianefisuafigngugalugui

Y

¥
=) [

yualngflndfuiuninensnssuuagludlss@lineanasages nsfnwiasaiisivuanguilil
FEAUAINE I B8NTY 600 LUATIINTEAUUINELA LU Trichopodus trichopterus wa
Trichopsis vittatus
3 a A (Y a = a "3 14
peAUsEnaurialamaliidudununisinaiunisiasuwlasssuuiivnaira il
& 1 I3 % [ a dAa g
wszilunisiendeyaesdusenaulassainveaanguussunsyanlueanifednduaniieg
91984 ldsunansznuvtousInAduIINAINTIUYesIEdtssduduLuUDaS 1R 33U
vastayaioUstyndlddmsuussiduwaninuimailudagtu Fsnmswdsunuasves
asrUsznouriln nsiiuvieanadlunsasiunin 18 wn3n Wudiusisanugauauysal

WA e og19TmLaL
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5.2 n5UszanalgIsMIBadueilanIrafan uUssiiun1siuasunlatanniIndaumnis

11 (Environmental DNA)

[y [ ' o

Uanludnifinszgndundsnguusnvedlanideniiauilitesndt 500 &1l lned

Y

Tuaulitesndi 33,190 wila (Nelson, 2017) FadaqUudsnsiizlinUaignAunuiiugnnises

[
a v = ¥

9 dnadalinsAnyImenuininevesUaiesinaud Ay reiualiunisansieg ves
wywdianudfguasduiusdeiu Paduanig wean1sWneou Wan1seusnYkazdu 9
(Suvarnaraksha, 2018) ‘VT’]ﬂ‘IQlJﬂﬁflﬂ?’m%aﬂﬂ%ﬁﬂﬂ@ﬂﬂaﬂuduﬁﬂﬂﬂﬁﬁﬂJ’lﬂﬂ?"] 200 ¥Hn
(®ATUN, 2559) warkUuauINNISHUALULUAIANINUBILAAIUNTNaRBN1SIASIAS19UTEINNS
Uan aetu laseassuazanuvainvatevestandeidumiusdidrfglunisiiiduniodle
mmaauqmmwmwswﬁnﬂmqﬁﬂuﬂmﬁ’uﬂﬁmmsmL%fmasﬁﬂszﬁm%wa AIBLUATING
miﬂizqﬂaﬂ,sfﬁ%mi§ﬁLﬁuL.aL‘ﬁamaaammamizLﬁumimﬁauwmamwLL’mé’awwﬁﬁq
L“ﬁluLmeaﬁmaﬂaLLazmmamzqmﬁmLLaz‘Uaﬂm'mmmﬂwaﬂmaaﬂaﬂmzuuﬁnﬁﬁu 9
(Zou et al., 2020) wagtduiiloulunaie o Auf (Evans et al., 2016; Shaw et al., 2016;
Stat et al., 2019) waaInnsAnwna Il lanansnangIuinsesseuftouarduns oelle
a Aa o 1 [ L4 [ a g . .
AR UNTINNIRdmUlYlunseusnduasdan1sseuuiiaAniedn (Andruszkiewicz et
al., 2017; Cilleros et al., 2019; Stat et al., 2019; Thomsen and Willerslev, 2015; Valentini
et al., 2016; Yamamoto et al., 2017) n1s@nwiasatifainasasiiamanarndudnuuinig
= ' v ° o o = ° A aAda ' a )
WinanszezatwarAlgaednsudisiavaimsesaiuisatnlunsiagevdadldineg19dule
LYUNU
38199 919a0UT 0358R aunTaAUlaTalut A ware1nie LWy @1u15n
a a6 v 1 1 o < a6 . . [
IUTNAUNISUarareanInaINeINAlieg19d1e vsenuInlulefldy (biofilm) Aenis
YA N304 UIINUINIENIINT09UN LU (Creer et al., 2016) dusudiegneuiaasldun

(YY)

Ysunamnuaznisiivlunaieyn Inen1snsed lneauinnssaunsesuiduey uaaagng

Y

(%
Sy v

ARIGNGLN

Y

Wnuune (Creer et al., 2016; Deiner et al., 2015) @133 awiaga1nilan1@uul
sriuseInuazaInvetgunsal (Goldbers et al., 2016) dwlvgidnsanniieg1afioute
L ¥ [ o [ d'd a a a 1 o =1 a a 1 d‘" (XY}

mhﬁ;mmmLiﬁ]gﬂmmﬂizawﬁmWLLazmmwmmumqq WAENUIZANSNINLANANTYUDY A

DNA +Unu1une L1lewisunuisn1sanakuusiuae n1sananleilusanaslswasy (Phenol
chloroform) AfiUszansnmuiuwazeansuenaisiugnssulauinninizouluuisaniunisal
(Creer et al., 2016; Deiner et al., 2015) satudmsumaiinn1siusag1alainnisnaass

= = %] aa ° & o ' U
L’tJiEJ‘UL‘VlEJ‘UﬂismwﬂiaﬂﬁzjﬂizmwﬂiawNmmﬂ 0.7 pum. a']ll']ifl‘w]ﬂ']iLﬂUm']@EJ'Nu’]lﬂﬂJﬁl
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AR 0.45 um. donrdasiusieeuiilduunn 0.8 um. Tuiuil Nansha wetland (Zou et
al., 2019) Lﬁ'aqmﬂmmﬁq'uiasuaqfﬂuwaasq:ﬁmﬂ Tl Az UIENALANA ST LU A U
amﬁﬂ%’mumﬂiaﬂﬁﬁgmmmﬁﬂmﬂﬁq 0.22-0.45 pm. (Andruszkiewicz et al., 2017;
Stoeckle et al., 2017) lunsfnwguihuiududadonduieluuinainiuaznais
Ao 1-2 am5 (Andruszkiewicz et al., 2017; Gillet et al., 2018; Rees et al., 2014; Stoeckle

v '

et al., 2017) Wesanvuavesdinldladaualuguintdn@asnaisiusdiivuinivey 1

¥ 1%
A a o

1 95 a . a A o [ Y 1 v A

wWlIW (Nam Theun river) Usenady N91015AUA0E19 3 SEAUABNURD Nt wag
L v H [y = = a < H [y = ¥ o I .
NUNBIUT AUTTAUANEN FadauITawennIstAULInINSEAUANUANATALaUNIN (Gillet
et al., 2018) WBNINUNIALAIE NS UFBEIIMNEATANELNTAAUTINTINTHIUNTEAE
N99UINNAY 20-30 ang (Valentini et al., 2016)

nsfnyIdeyasiu eDNA wiseenilu 2 unlagldguuwivay Ymindeddndiduy
% ’oj <) = o o a 1 1 d’lj a
mwnuveslualunisfnwaiudissnnumainraisvesviinnguailaewuanuiiny
TEAUAIIUGIAIUITANNITUNT NTE18V0INa WUTEIINTUAIMIUTEA UAIING ILd
(Suvarnaraksha et al., 2012) wazivauuLinayTaiYa Jariadeluraidusnunuvesinaduin

i Wumsdnweiiaanfidrsanulasisnislmhihdsisnsdanandulidssadouwndsiiog
a1fgveslamsaiinnansenullaguiunisinuseaawuuiay (Gillet et al., 2018; Zou et
al., 2020)

MNMITBNUMTUNINTEEYRIaTILlsmsEiUANgeIUanguUady 4 ngu
Fonquitufionfeaguuninn Aufivafiuian fufivardiasmuay fufis (Suvamaraksha,
2011; Suvarnaraksha et al., 2012) Msfinwiassiiuiegluuazseduifioadaifiouls
wardeneinaisuifisutugudeyanuiannsansanuiieuennddluundsinioue
wiadumarnvaned fidin edeyauszunns danquidu operational taxonomic units
(OTUs) I¥iadugil 170 tags nquvesdsdinfimuluguniusiudy foindedud wunguuan
(Actinopterygii) 61.35 Wostdua wusesnlu 3 susu Aesudu Siluriformes (8.37%) wWu
ylinanawied lawn Oreoglanis @3u Cypriniformes (4.05%) wugtintan 4 ana lagny
Usinmannaalunauidldun Raiomas 5898310 Mystacoleucus, Pethai uag Devario
MIUAIRU WaraANeAB8UAY Gobiformes (0.09%) nurilaanaifigdIfe Rhinogobius
idesmnmnunanyiavesailulsuundouiivsinuuasdmiadeyaiugilugiudoya

= a 1 I

paulail (GenBank) Juingosdngliaiunsassyvlinnsonguuaila (Stoeckle et al., 2017)

(% (% (%
o o o

1nga1nNn1sAnwIAs sl dmniuiidaldnuiunauaihansnadaauiavun 14 ana As

Oreoglanis, Exostoma, Barilius, Glyptothorax, Devario, Mystacoleucus, Rasbora,
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Systomus, Parambassis, Pethia, Brachirus, Tor, Pristolepis Wwa¢ Oreochromis 1N 239
AmaInvatsvessinuafinuluivngiun (Mountainous zone) Tnsluniiiianmiindon
Uszneusetlfiuasiignwastureniiusynousensinuas feuiiusiumnissuainilua
wsedenndestulaiinuie Oreoglanis (O. siamensis), Exostoma (E. peregrinator) way

Glyptothorax (Glyptothorax trilineatus Wag G. lampris) Lﬁuﬂﬁjmﬂmﬁﬁé’ﬂwmzmﬁﬁmm

e Uanguitlieanusion1siudeunuas (Intolerant) daugusadinsiaunmuunasiieg

Y

91y Tnefladerzdaniziiionssdiransewaurflyanss S9uMUInNeg 1w uda1ai oy

=< a v £

DIMISNINGIDBULNAIUN EAR AN UNBUAUL UL (Suvarnaraksha, 2003, 2011, 2017)
A0AAABINUIIEUY Wootton N1nd1371 Yanazdealsuaiiiesuilanunsewainiulsusiulu
anmuInday (Casatti and Castro, 2006; Wootton, 1991) wilauanfifimnudfey 1wy ana
Oreoglanis (O. siamensis) {ulanamziudioduogianizdunuuivaziduvarfuinily
a d’l d‘ a Y o % d‘ U a a U g d‘ |l U
wuluusnaiuisu Sdedndnisesemsiumsasyiule uazendeluinfedlussauaiy

qﬁwd’] 500-1200 LmS 91n52aULINgaUIunans (Suvarnaraksha, 2011; Suvarnaraksha

'
=

et al,, 2012) uananildiiana Exostoma laeanie £ peregrinator vulananizduld

'
a

91fgagianIziunuiuIuauIy (Suvarnaraksha, 2017) Wity 8nvllafiwufAe Barilius (B.

€

puchellus) f51891u718A oluuna U MIUIALE NEITUIANAIYBIUS LR Wi
(Suvarnaraksha, 2011) uaﬂmﬂﬂdmﬁﬁawu ana Devario (D. annandalei), Mystacoleucus
(M. obtusirostris) Wag Rasbora (R. paviana)

Tuiufif e (Piedmont or foothill species) wulanvanun 5 ana Ao Systomus,
Pethia, Devario, Mystacoleucus nusisdoviavariinuluguiududu 91n91uau 5 ana
laun Systomus rubripinnis, Pethia stoliczkana, Devario annandalei wag Mystacoleucus
obtusirostris LunguUa Aunuasfuemis (Insectivore) uazliifianueanusonis
Wa suLUasd suang oy (Intolerant) (Froese et al., 2019; Rayan and Ngamsnae, 2014,
Suvarnaraksha, 2003, 2011, 2017) ami’uaqa Mystacoleucus (M. obtusirostris) 10 ug1e

'
(% & a (% v

Wugnusumlanluwnasirfidaaningn (UCN, 2020; Suvarnaraksha, 2017) uazidungy
Yanimsusuduazendalaluynanimwingau (Suvamaraksha, 2011) $3u9dN5LARRUTN
lWunieneimsuaziiienisduiiug (utagate et al, 2011) F9n15AN®I9IUAIU eDNA
¢ P a ' a v A A a =~ P ¥
aunsaAnenfanginssuvesUatusazeiale Weoswn aruswliedinsedeuiainuiiuly
gar3amuggniaialy Usuiawes DNA Jelladuunndneiunaziudgunlainiuggnia
(Stoeckle et al., 2017) wazanunsamsagloilunamvate ufwaneiuliuegfuanududu

Y

L'%'ué’ul,t,asamazmisiaaamﬂ (Levy-Booth et al., 2007)
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Tuflufiseusie (Transitory zone) wudaanue 6 ana A9 Brachirus, Parambassis,
Rasbora, Tor, Devario Wag Mystacoleucus Aus1ed oviiavandl nulug LW LTy 970
U 6 ana lewn Brachilus harmandl, Parambassis siamensis, Rasbora paviana, Tor
tambroides, Devario annandalei wag Mystacoleucus obtusirostris F el dnvasiauves
Isnuﬁtﬂumﬁﬁuﬁ:ﬁammuﬁiaﬂmﬂﬁammaq (Tolerant) uenaNWUNG Mystacoleucus s
A eufilumseninunasinuazUaniifarueanuuazunsnszansldiliuiiuie ana
Parambassis (P. siamensis) \undutanfuiile waglideuuslaavhlinaasaivleldtng
msiAsuuawesggmalsifinansnuseviaiiwuigamguigeduluggdoufiniu (Okutsu
et al., 2011) Fanernuinmsuiududiafisufunmsdsunla ?unmé’ammmagﬁamiéf
Ananewugdu

Iuﬁyu'ﬁliﬂu (Lowland zone) nuviadan 5 ana Ao Pristolepis, Oreochromis,
Mystacoleucus, Parambassis Wiy Rasbora I%aqamﬂwﬂﬂﬁuﬁuﬁgu f]ﬁa Pristolepis

(P. fasciatus) FuduanewusneanudulnydnorAuluiunienaiviinueslvuesiiuag

3
[

omsfiuandstulunuggnadusg fuanmndesdivaterfeeglutisnanlanaivils
(Sangpradub and Hanjavanit, 2017) Tusumzl,ﬁmﬁuwwmﬁqa Oreochromis (O. niloticus)
Faduiugisiidinnlulssndlnemeinguszasdiiieldifueims fdnwauzesmusions
Wasuwladlduaznszaemegingimealulsemealnowdlifiseauidnansenunsausie
F 99 nuazan INUINE BUE NS UTLUUTIIALNE U IUNTA (Jutagate et al,, 2011;
Suvarnaraksha, 2011) uAnA1991NAGUANAUY ST T 5189 U RANTENUABE AW BN
lesannnginssunisiuenmsiaze1ms Uaﬁmmaa‘f’]LLazgﬂanmmLﬁﬂmmﬂmﬁnﬁ@ﬁ'u
Huawns (Vitule et al,, 2009) wasdulawsduiiinnueanusonafiunaiildd (Orego
et al., 2009) %eiqmaﬂswwiamwmmﬂwmmmﬂa’ﬂuﬁuﬁﬁuﬁw (Suvarnaraksha, 2011)
nsfnyisessesfouelutnds ufiufideuusiiaanysaiva Smindedml i
HogrdlunsazseduifioatailoulonasiinnssinaUsuiiisuiugiudeyanuitainisn
psaanuiteuennddluuvasivomauiadunarnvanedsdidin defeyaszung Sangy
{1 operational taxonomic units (OTUs) I¥ladvegfl 224 tags nguvesdsiidindinulugu
L%uLLzﬁmamyiaﬁ%a Jandadedvid wunguuan (Actinopterygii) 25.623 Wesidus lnany
Usunavesnquuaiwusesandu 2 suduaieiu Aedudu Cypriniformes (5.571%) Wu 2
AsaUATILALA Cobitidae wulies 1 anade Pangio (0.082%) wag Cyprinidae WU 3 @na
la'wn Cyprinus (3.15%), Hampala (2.32%) wag Mystacoleucus (0.004%) @ 118 UAU

Siluriformes (20.102%) wuluasd Sisoridae wuvdaanaiielns Glytothorax Lagann
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v v
o v [

n13AnwAsld MU Tl TN LA LAAIHATALIUNIMUA Ienda 20 @na Laun
Labiobarbus, Lobocheilos, Hemibragrus, Oreochromis, Pethia, Pangasianodon,
Systomus, Cyclocheilicthys, Parambasis, Barilius, Hampala, Betta, Tor, Myatacoleucus,
Cyprinus, Glyptothorax, Oreoglanis, Labeo, Tuberoschistura Wag Pangio
1 a I 1% [ d‘ dy d‘ dll I 6

NINUSBITREALBUIBIANNARAARRINUNSIURBULUAINUNTB LT B LIRS YR
gj o a | dl dl a 1 U a a dl
NININAIULTMBUYY nMsUszusiunniull dwmasensanaseslsinasinuaifiamuise
Uaiensivagunlatgunizvediaundinsinednilon1sildsuwuasvesunaiine
Wauinuiinsinens nsldasedl deudwmansenurednuiusiinaiNanas nguwsn
r P . : o EX o 4 ¥
imeludunguiargeulmisianisilfsuntas 31nnssenuasatiainuluwanivung
dnuazlioavusanisiuasunlasnginvaanientfie Tuberoschistura (Tuberoschistura
baenzigeri), Glyptothorax (Glyptothorax trilineatus) wazlluriaNfesnsHuNT Nz veU

a d'

IABUSIUNLNUNBIUIUTENBUMELUATU NTINLAZNTIY NSANYIASIUNUTDITOUMLDULD

2 vilatuaznuluiiunahanaennsesiusgnuaunnulunuiaannlaasdiveu

£%
a A [

wildm (Suvarnaraksha, 2004) §9anward13Ineveslarvialine1fesg us AU

Y
[

nszuaunlnaunss mﬁ’aaq’u%nmﬁyuﬁamfw wazidungui Auwisnuasuagdniiiuems
(Suvarnaraksha, 2004, 2017) a’lmmwswaqmmmmaﬁmﬁuluﬁjuﬁ'qqqﬁyuﬁ'ﬁmd’]
(Dahanukar et al., 2011) LLazL?’iamamsq@ﬁuﬁfmﬂmia%ﬂL%auﬁwlﬂ%ﬁumﬂwamaafw
wazvhlszuvineuiuidafuudsuaduluguuuldvnzandenisuuivasuaild
(Mewa, 2562) wazdanurdafifiaiueanusenisiasuwlasdn 1 siinde Myatacoleucus
(M. marginatus) geuadeluynunaniniausiiniutinasts withaendn wagdsnsfisiy
s (Vidthayanon, 2017) Judaniidainueanusenisiva suulasnesd windoulds
(Suvarnaraksha, 2017)

Tuusnandeuud ¥n WWui uilvhnisuszusuags sianisvoniierdiulng fdu
nsfnwafainuiessesouevasnguuaniiendeluuvasnideiiiinmaedeuiiluisewing
Athuaziurioni Avemsldneiawazdns wu Labiobarbus (L. lineata) waxdn 2 iindi
LfJuﬂq'uﬂmﬁ'ﬁwqﬁﬂsimﬁuﬁmiﬁwﬁ’mﬂumms L1 Hemibragrus (H. spilopterus)
Hampala (H. macrolepidota) issnniduvarsunlng finsieinaeanamuldludeu

wiidpuazauunds (Suvarnaraksha, 2004, 2017) sauviaiisieanunulunnuna s viausiaaeiu
1181579 wldnanenan nuesls N571U9INA8 wag a18515951us1 (Vidthayanon, 2017) uag
NuYtin Pethia (Pethia stoliczkana) @enmasenusigauiunuluiunasinusenaunig

N579 11578 AUUUNTIE 520091AaU TN15LA8 DUT bUNITEUI MR IUILALIN U 891
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(Suvarnaraksha, 2004, 2017) #5397y (Vidthayanon, 2017)31891ufisan nuvaafieg
pdesnmnuUTnuiuEssitermanduiifnssualnaid srluggrluuaroransuiuds
Tugguds Ausfesindsenoudensauasnaiwhsurnmsfnyamisavenldiausiay
yiadnsunsnszasluenhldldedvegameiuilafuiivils venandlufiuiinaradeu
Fawuiavarraduunsnszateey fe Oreochromis (O. niloticus) dudnfsnsfuiay

neifpuviiniugdniuissduiinistesiu auau wasidnvesussmalneniinansenuse

q

yaa 1

dnd dhiludiesuay stuuling (giua, 2563) lunguuanitududlddiamesmudens
\WasuuUawasduwinday (Rayan and Neamsnae, 2014) waganunsoAuemsiavainmane
(Suvarnaraksha, 2017) wansymuainnsiddnissdudunlussuuinaumdnindy Tueg
furdauazaneiugdmsudardainsuuitowdunlussuuinafionuiu uddlaldd
nanNsENUAALnAdNIntnd S UTnfinaT (Jutagate et al., 2011)
‘U%L’Jmﬁwﬁaﬂﬂmwmmﬁ;ﬂaLﬁuﬁjuﬁaajmﬁmmgﬂﬁmwm YUYULTBI 21N
ﬂmmmg ﬂﬁjwu Systomus (Systomus rubripinnis), Cyclocheilicthys (C. armatus), Pangio
(P. anguillaris), Parambasis (P. siamensis), Hampala (H. macrolepidota) Barilius (B.
koratensis, B. pulchellus), Tor sp. Duriednuldlunsiiideuagludounslinaenadeaiu
s1e91ulusfa (Suvarnaraksha, 2004, 2017)
Tngluefndissnudmiunguuarilieanusiensivasuilamwesdanndousnia
44 ¥1in (Suvarnaraksha, 2004, 2017) mﬂmﬁﬁﬂmwmfwﬂ%mm%ﬁmawmmjmﬁamaaasm
Farou ufamsiuasuuUasunasfiegends nsnusessosiieutevesana Cobitidae i
Wesidudiideninnaenadestunisdsunlamosdiihauimelufdosivunasieg
’mﬁ'amaqﬂaﬂuﬂa;mﬁyl,ﬂaﬁiwwuﬁﬂ 5 %1n (Suvarnaraksha, 2017) A® Aperioptus
gracilentus, Acantopsis rungthipae, A. thiemmedhi, Lepidocephalichthys hasselti L& ¥
Pangio anguillaris s?imzwmmiﬂuﬂ&jmﬂmﬁmﬁaLawwﬁuﬁaqfwﬁﬁmmLLazmwazL%amM
uwianhradnuazedenduuuanifudueimns (Suvarnaraksha, 2017) Tnemsfinuads
dwuieswiaieniio Pangio (P. anguillaris) Wit %qmjwmé’qﬂ&inﬁmméaulmeiams
LU?{auLLanmaqéqmé’am’aﬁamimawwéﬁéqNaﬂiwwiaqmmwﬁwﬁﬂﬁﬂ%mmﬁwuLﬁ]a
#oead (Suvarnaraksha, 2011; Suvarnaraksha et al., 2012) uazu1svialuiisieauninou
LANUINASAN AT Taun Tor, Lobocheilos, Clupiosoma Wag Betta (Suvarnaraksha,

2004)



236

nNsAnelasasausznsUanluwnasinluaziilvaaunsaesuielanengy

a ada A I

3 1 A Ao AN v s & oa Y
ﬁQiIGU'NWIL‘U‘Llﬂaqllﬂﬁgsﬁ']ﬂi%uqﬂlﬁfiiyl%5@3~l‘ﬂf]u’]uLﬂ@%ﬁﬁ@u@ﬂﬁqmqiﬂ@jﬂqﬂLU@?L“UUGW]WUI@

Feanansaluussendldlunmsyssiivguanevseanuauysaimainimlalueuan



unie

GRAL

L]

¥
v ad v

6.1 msUszgnalduandudviivinnunndwindouniein
ns@nwluingrinusduuillafnwzduuumadentulumsussanuauysalves

v

wisshlaglduandudsidinaananmaiveindemaiafiansseznauazduniluns
dmednitedadivszdvdanannnitnisinanunannvaneesUafiensulamianiugam
suaw%’wmﬂima‘fwﬁamﬂ%ﬁaaﬂa%amweuawmL@uﬁaﬂimﬁu (Fish index integrity) 528U
mslédoya Environmental DNA (eDNA) l¢thdagaianiadsineuasduse fsuiassuy
fnmesanisluihiuwazihive Tngldiuilumsinyinusiifs Tnglimegsdoyadiod
2003 dwduluuvasinis Ae Wouwitnanysaiva Sviadedi (eAtud, 2546) uarlu
wigsilnaldiegisdeyaanmsdisadiol 2008 (eAtuV wazamz 2547) 1nii 2 Faya

v

Fudle 20 Pudnfuannsouvanguaiaaroanmumaaavydnunedinelasodedoya
f\]’lﬂmu‘iﬁ'ﬂﬁlﬁm%’m (1. Suvarnaraksha (2003); 2. Suvarnaraksha (2011); 3. Suvarnaraksha
(2017); 4. Vidthayanon (2017); 5. Rayan andNgamsnae (2014); 6. IUCN (2020); 7. Fishbase
and 8. Information from expert) WU3nUN3A 18 Wn3n $198991nuiTedy 9 lngly
uwiasthauazlyaduminiiuandsiueg 4 wminde dwsuuvasilnavsldaminlui
ldimefisenuanneunnidu 4 wnsn 1‘7iLujammzﬁummqqmﬂizé’uﬁmmaﬂmﬂmqﬁumi

(Y N

wnsnsEaeiiveslatiuansneiy fe Uaigiu (Percentage of Mountainous species)

¥ (%
= o 1 o o

nsAnwiaseiliimuanguidseauainuaiuinnit 1001 wnsanseaudmea (2) Yardu
191 (Percentage of Piedmont species) n1s@nwiasatlisnmvuanguiliiseAuainugasening
801-1,000 wn531nseAUdIMeLa (3) Uansesne (Percentage of Transitory species) nasl
Ua93ms11 (transitory species) MsANWIATITLTINIMUANAUTTTEAUAINEITENIG 601-
800 LATINTEAULMLE kag (4) Uatiusu (lowland species) MsAnwIATITisIAmuAngy
S (Y o/ ! o 3 ! = S a a <

Ullsgauanugeaioendn 600 lWwRsANsEAvmMeE druuvsnveniifle Tviialagnuaandy

a dl 1 a ! g Q‘Jl 1 dl ! U ! 20/ QI U QI

wnsnlifilunsussdivuvanitlve siuiawvasiegondevesdarluuvasinfdsdaiive 3
wsniiludluwnasidnlva Ao (1) rocky and stone species, (2) sandy and gravel species
uag (3) silty to muddy species ialaunsniinamigauLa) TunousoluAan1sn1nug
AZLUULATJULUUNITEURE AIUNSAvuAAsLuLLiaslunInveawaniawazdilva Ao

[
Y |

STUUAZLUY 5 4 3 2 ey 1 AZWUY LazNaazuuuTIuiaus 18 69 90 lnainuginisussiiiy
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gauAMUBIUnaII UMY 5 sEunuLLINIes (Chen et al, 2020; Fausch et
al., 1990; Karr, 1981; Krause et al., 2012; Li, F. et al., 2018; Li, T. et al., 2018; Sapounidis
et al., 2019; Shi et al., 2020; Souza and Vianna, 2020; Wu et al., 2014; Zogaris et al.,
2018) LLazmi‘U33Lﬁuﬁ’%ﬁmmam,“l5@%1&%’memaaﬁuﬁﬂfﬁqLLaszﬂwa wuseondu 5
S2U Ao SeRuMBen 73-90 Azuuy SERUR 55-72 Azuuu sTAUUIUNGN 3754 ATWUL

U ﬁl U d‘ 4 ! = ! U v
STAULEDUINTY 19-36 AZLUL LaESTAUEUINTILIN UasnNIUIBNAU 18 AZLUY Y8IRIN

[
v o

dunsdrsialaniieiIeuiisudivan1igsneds Ingnislddoyanisdisiaveansuyseus
(NsensrunwasLazannsel, 2553) Wara1NN15aeUAINYIUI(UTERINUYIY) KAIVINNNT
UszillunalSeuiiguivan1iednedeiinvun wud nansussiliudmivunaaiiiaesiou
wiidnauysalya damdiaded ldpzuuu 38 avuuu Janzdunans dwdilvasiu 3 we
Uil wadesns Wetpes wavauwlunuads suududssliuldazuuu 53 Janudunans
winzuuulnalAgsiuan1ene danununedn wanstanuaunavesssuuinas gy
a Ada ada ' ° o % a a a

dalTinnilnnugeulmdnuiuanas dndiulaseaimunisivemsisuisunlas uag

WANIDINISUSUMIVRIAINTINN DUl IS UL ALY

6.2 mstlszegnm‘i%’%’%n'\sﬁﬁLﬁuLaLﬁam’mﬁﬂmuﬂsmﬁumswﬁ&muﬂaaamwu,'mé'auwm
115'1 (Environmental DNA)

nsAnudayadu eDNA wiseaniy 2 Aufilaegldguuiuiudy Sainidodmidy
éfumwmﬁﬂwaL‘f]umiﬁﬂmﬁLﬁuﬁ’ﬁwmmwa1mﬂmmawﬁmﬂﬁjuﬂaﬂmumﬁuﬁmm
FEAUAIUGIAIUITANNITUNT NT218V0INa WUTEIINTUAIMIUTEA UAIING ILd
(Suvarnaraksha et al., 2012) LLazLéﬁauLLﬁﬁﬂamgiaﬁma Foriadoslmidusunuvesuvasi
il Wunsfnwaiaafidsenulagimslmid dasmasinandulddmwadeunaaiioy
afvaslamsaiianansznuainindledisudiunisissusuuiia Gillet et al., 2018;
Zou et al., 2019) fmﬂmiﬁﬂmuwiﬂizmmawmﬁ’ummqqmﬂizﬁuﬂ;ﬂmzLam%’mv&wﬁﬂ
eDNA Wummaamﬂé’aﬁwﬁmmLLazé’ﬂwmzmaummﬁagmﬁa wurdafisinsungnszane
AINsZAUIINGIMUIBDNTY 4 SEAY fdfunuianun 14 @na Ao Oreoglanis, Exostoma,
Barilius, Glyptothorax, Devario, Mystacoleucus, Rasbora, Systomus, Parambassis,
Pethia, Brachirus, Tor, Pristolepis \ag Oreochromis Imﬂmﬁwﬂummgmw (Mountainous
zone) fiarusumziuiiui wazilauddgdessuuinaluguin aunsaldidudeddte
m’mL?fauimswuaﬂLme{aﬁwﬁaﬂduﬂm Oreoglanis, Exostoma, Barilius Wag Glyptothorax

WeannisagdsUianmsviatgdniienisinensuseiegelde N153UUaIEIIUYIRN
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1Y H - a g < [ o A a ! A 1 o 1
uwdsnudniegsiavataeny dululadevdnidmwaidesieundinegordevenguian lag

o 1% % ! % N o & o S A % v a
wallllannuandeudsenaumeUlluasiidnuasiuvieniiusenaumensinuas Nounu
FWNINTERadflvalsagninzandmsunsins@inveslanquillan dunguuansiing

AuarusanulaluiunsiuiazidulainiinisiedouNTuatnasaiiailasininueanusanis

[% '
v v A

Wasuwlaswesdannasulen Usumlannasesaimsniulavainvaie lawn Oreochromis

=

(Oreochromis niloticus) kag Mystacoleucus (M. obtusirostris) mmmwu%ﬂun AAn U
Hudaiifianueanusensidsunlasvesdangoulen mﬁa’[,wqﬂLma'aﬁgwﬁgw%nméfuﬁﬂ
a1515 wiltanendn wazdisnshsiuan Wudu drunisAnwnsessesiitoue luideuuslin
auysoiva 2. 1Fedlml Fafuiimansamiessesiious wudeidulunissaaeuluwsit
Ly warnufleouenndsluuan wevaa 20 ana lawn Labiobarbus, Lobocheilos,
Hemibragrus, Oreochromis, Pethia, Pangasianodon, Systomus, Cyclocheilicthys,
Parambasis, Barilius, Hampala, Betta, Tor, Myatacoleucus, Cyprinus, Glyptothorax,
Oreoglanis, Labeo, Tuberoschistura Wag Pangio NSNUI4T98ALOULNANNEDAARBIAY
ﬂwsLﬂﬁauLLUaﬂﬁuﬁ%aqLﬁ?iaul,uﬁmaugia}ua Famsiaundviondior msUszasiinnniuly

denasion1sanaarasUsinainuainanunsauwinansuasulUagun sl ausilineng

(%
o o

Mnofnidlensidsunlameuvanivsdniamniidfuivhnanens nisldased dox
dawanszmusioduuviaUafianag
Mnanednusatuvdldiiauesuuuulnilunssunisussgndnislédoyans
FrivevesUaiuazaumaiin eDNA 15 iieiesdem i lldusslowinasiusioania
mizﬁﬂmﬂﬁﬂmmawmamwmé’aﬂu{]wﬁ’u naAsuudasiansanasosusanalill
MITUMUINAINTINIBSUYWE N3TUMLITENTogodEvasdnith nsviaessuuinesy
1 Fananssuasnsdon dwmadensnensmai esntlsidefiederdevasuuas uuas

AountldlumudAydaszuuidnawnad 199 nssyAvlnvoinuasaziindulag

1 1
o A

Ny Adukaviautauns o daLN 1L UD 67

¥

mﬁ’mmdqﬁaejmﬁaﬁaéfﬂﬁ Lasuvasn o
gouliaunsansgiule waziaduged Sduosvesaanuusiafiondeluunas
futitinseuatnlvaiifseuutaaduemmsn (Tongnunui and Beamish, 2009) usna1n
Uliifianas nsvhanedsdnegsienisldasiniidmsuinuasnssy nolianaudenTnsy
SUENmeﬁagjmﬁaﬁﬁmaﬁiamwwmﬂﬁnﬁmﬂmamaq Fatunisinwadaiiussleviddmiu
nsthsuuuulUldlumsussdiuumaailaelisumuuasiuiy 4 faushhagausoiuld

lawsivoriudsednsanlinguddes@nuiteyaveslamnulinlvinseurquuinning
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(% I

Jayyinisdnnisninensunasinfenshiiigiudeyavedfldintu 9 daau n1sfnw

¥ v ! a

YayaninaiamudAgy lunirnenisinn1minenuasneg1eg i

Y

6.3 daiauauug
msUszfiunrasilaglideyanudnuazdineweslaniiednduwriniouseidiy

ANaNysain1sdinin dndudedddesdninuiiueunsuisu uazdiIne1veavan Ay

]
o al

Toyannuivine1veslardslimnuddginganansaesuielatessuutivaluunanintu o

=~ )~ cs' 9 A U = Y Ay Ao A O PN H
Lu@\‘i"iﬂﬂllﬂa']llLﬂEJ’JGUaQLLagLGUE]MIENﬂu QQW@QQJSU'P]NGV]GU@Lﬁ]umﬂﬂu@mﬂiu53‘UUu’]uqLLagiﬂ

LY 9

va Wlefugrudeyadmumsitannmsusyifiuanuauysaimedinmseld
n3fnvInsUszgndldisnnsdfdueni ensafenuyssidunisua sunuag

An1nIIndaun 19U (Environmental DNA) i unuanialmaldmsusunld il efnwiis
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