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ABSTRACT

TITLE : ASSESSMENT OF THE EFFECTS OF DAM CONSTRUCTION
SCHEMES ON FRESHWATER FISH DIVERSITY AND
ABUNDANCE IN THE LOWER MEKONG TRIBUTARIES,

THAILAND
BY : PISITPHOMIKONG
DEGREE : DOCTOR OF PHILOSOPHY
MAIJOR : AGRICULTURE
CHAIR : ASSOC. PROF. TUANTONGIJUTAGATE, Ph.D.

KEYWORDS : EFFECTSOFDAM/ MEKONG’S TRIBUTARIES /FISH DIVERSITY

A study on the potential effects of dam construction schemes on freshwater fish
diversity in 3 tributaries of the Mekong River, the Mun, Songkhram and Gam Rivers, the
Northeast of Thailand. Field survey was carried out by monthly during August 2009 to June 2010.
The sampling with beach seine net and electro-fishing(Honda EM 650, 650 watts, 220 V).Data
was analyzed and synthesized for the purposes of the drive fisheries management in the Lower
Mekong tributary in Thailand.

The diversity and community structure of fishes were studied in three neighbouring
tributaries of the Mekong River in Thailand, namely the Mun, Songkhram and Gam Rivers. The
rivers are located in the same ecoregion but have contrasting levels of both hydrological
regulations and mitigation measures; the Mun River has a hydropower dam with a fish ladder and
sluice gates that are opened during the wet season each year, the Gam River has several irrigation
dams with a fish ladder at each dam site, and the Songkhram River has no dams along its river
course. A total of 124 freshwater fish species were sampled in these rivers from August 2009 to
June 2010. Overall species richness was highest in the Songkhram River (112), followed by the
Mun (97) and Gam (54) Rivers. Average per site species richness was also significantly different

among rivers but not among sampling months. Abundance-biomass comparison plots revealed



-

considerably overlapping distributions of these two metrics from the dry to early rainy seasons in
the Songkhram River and, to a lesser extent, in the Mun River. Fish assemblage data were
classified into six clusters with similar community structure. Fish assemblages in the Gam River
constituted a single cluster, while those in the other two rivers formed multiple clusters depending
on the sampling season. The results of the cluster analysis are discussed in relation to the
dominance of the three migration guilds (white, black, and grey fishes) of the Mekong River
fishes. The effectiveness of the mitigation measures was determined to be limited in alleviating
adverse impacts of dams in these tributaries of the Mekong River.

The diversity and assemblage patterns of the larval fishes from three neighboring
tributaries of the Mekong River in Thailand were investigated between August 2009 and June
2010. These rivers interact with their floodplains, which are the important spawning and nursery
grounds for the Mekong fishes. There is no dam along the Songkram River; meanwhile the Gam
River has several irrigation dams with a fish ladder at each dam site and the Mun River has a
hydropower dam with a fish ladder and sluice gates that are opened during the wet season each
year. There were 97 species collected in total. Species richness and abundance showed marked
different among the rivers and sampling months. The assemblage patterns were described by
probability of the occurrence of the larvae. The assemblage of the Gam River was dominated by
the larvae of resident fish species. The assemblage of the Mun River during the sluice gate
opening scheme was similar to that of the Songkram River during the wet season. The assemblage
during the flood period of the Songkhram River showed the most diversity and abundance of
migratory fish larvae. Conserving the integrity of the floodplain-river system of the Songkhram
River is among the crucial strategies for sustaining fish diversity and fisheries in the Lower
Mekong River Basin

The impacts of river damming to the three fish guilds in the Mekong Basin, according
to their migratory behaviors viz., “white”, “black” and “grey” fishes were investigated by
““before—after control-impact” method. Samplings were conducted every 2 months for one year.
The period of “before intervention” was between August and October 2009, meanwhile the period
of “after intervention” was between December 2009 and June 2010. The control-and impacted-
sites were the Songkhram and Mun Rivers, respectively, which are in the middle migratory system

of the Mekong Basin. The intervention was the closing of all sluice gates of the Pak Mun Dam in



the Mun River. There were 2 variables used in the study viz., numbers and species richness of
each fish guild. The results showed that there were highly significant impacts of river damming
(P-value < 0.01) to both variables of white fish but insignificance to the remaining 2 guilds.

Benefit of the sluice-gate management of the Pak Mun Dam to the white fish was also discussed.
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. 'REMBIMY (Si10)

The Mekong River Basin
(inun‘u)
Characteristics:
Ares: 795,000 kel (21)
Length of mainstream: 4,400 km (12)

Average discharge: 15,000 m'/s (8)
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Area Cluster Fish Dam Installed Operation Reservoir Length Height
migration capacity area (m) (m)
zone MWw) (kmz)

Upper Gonguogiao 750 - 3 - 130

Mekong Xiaowan 4,200 2010 37.14 - 300
Manwan 1,500 1993 4.15 - 126
Dachaoshan 1,350 2003 8 - 110
Nuoshadu 5,500 2017 45 - 254
Upper Jinhong 1,500 2009 5.11 - 118
Up-stream  migration  Ganlanba 750 - 0 - -
cluster zone Mengsong 400 - 0.58 - -
Pak Beng 1,230 2016 87 943 76
Luang 1,410 2016 90 1,106 68

Prabang
Xayaburi 1,260 2016 49 810 32
Pak Lay 1,320 2016 108 630 35
Lower | Sanakham 700 2016 81 1,144 38
Mekong Pakchom 1,079 2017 68 1,200 55
Middle Middle Ban Koum 1,872 2017 40 780 53
cluster migration Latsua 686 2018 13 1,300 27

zone

Down- Lower Don 240 2013 29 720 10.6

Sahong
stream migration  Stung 980 - 211 10,884 22

Treng

cluster zone Sambor 2,600 2020 620 18,002 56
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Examples of black fishes:

- A

Channa stnata (Snakehead murrel) Clanas batrachus (Walking catfish) Anabas testudineus (Climbing perch)
Examples of white fishes:

Henicorhynchus siamensis (Siamese Paralaubuca typus (Pelagic nver carp Pangasius krempfi

mud carp)
‘( -

Examples of “grey” fishes:
Belodontichthys dinema Mystus albolineatus Kryptopterus cheveyi

M 2.5 Aegnvesarlungu (fish guilds) muansagnganssulumsononérwiu

(migratory behavior) (Poulsen, 2002)

1) nquilawh (black fish; BF) nguit luiimsenendrotuiNemswaunusg

q

1da
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2) nquila1w1 (white fish; WF) nquiilinisonendreduivemsnaunug
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n’: . . o ad = 4 ' A
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a 4 A
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Family Notopteridae
1 Chitala blanci (d'Aubenton, 1965) WF  Chbl + - - 1 0.01£0.0003 AB
2 Chitala ornata (Gray, 1831) WF Chor + + + 18 7.75+3.44 D
3 Notopterus notopterus (Pallas,1780) WF Nono + + + 340 31.91+16.34 D

Family Clupeidae
4 Clupeichthys aesarnensis Wongratana,1983 GF Clae + + + 611 0.51£025

5 Tenualosa thibaudeaui (Durand, 1940) WF  Teth + + - 14 0.54+0.31 A,B
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Family Engraulidae
6 Setipinna melanochir (Bleeker,1849) WF  Seme - + - 16 0.2140.12 D
Family Cyprinidae
7 Paralaubuca barroni (Fowler,1934) GF Paba + - - 42 0.10+0.58 D
8 Paralaubuca typus Bleeker, 1865 GF  Paty + + + 745 3.7542.13 AB
9 Parachela maculicauda (Smith,1934) GF Pamac + + - 63 0.94+0.05 C
10 Parachela siamensis (Giinther,1868) GF  Pasi + + + 235 1.30+0.43 C
11 Raiamas guttatus (Day,1869) WF Ragu + - - 28 0.11+0.69 C
12 Opsarius koratensis (Smith,1931) GF  Opko + + - 9 0.03+0.01 C
13 Opsarius pulchellus (Smith,1931) GF  Oppu + - - 6 0.70+0.04 C
14 Esomus metallicus Ahl, 1924 GF  Esme + - - 18 0.02+0.01 C
15 Leptobarbus hoeveni (Bleeker,1851) GF  Leho + + - 11 0.21+0.11 C
16 Luciosoma bleekeri Steindachner, 1878 WF  Lubl + - - 4 0.01+0.005 A
17 Rasbora aurotaenia Tirant,1885 GF Raau + + - 7 0.01+0.004 D
18 Rasbora borapetensis Smith,1934 GF Rabo + + + 1,122 0.79+0.12 C
19 Rasbora daniconius (Hamilton,1822) GF Rada + + - 82 0.59+0.32 C
20 Rasbora dusonensis (Bleeker,1851) GF Radu + + + 4,400 20.76+7.18 C
21 Rasbora tornieri Ahl, 1922 GF Rato - + + 29 0.15+0.46 C
22 Rasbora trilineata Steindachner,1870 GF Ratr + + + 260 0.29+0.07 C
23 Cyprinus carpio Linnaeus,1758 WF Cyca + + + 13 2.27+0.40 B
24 Probarbus jullieni Sauvage, 1880 WF  Prju + - - 12 1.11:0.64 AB
25  Amblyrhynchichthys truncatus (Bleeker, 1850) WF Amtr - + - 3 0.02+0.02 A
26 Cyclocheilichthys apogon (Valenciennes,1842) GF  Cyap + - + 84 1.05+0.55
27 Cyclocheilichthys armatus (Valenciennes,1842) GF  Cyar + + + 520 4.52+1.22
28 Cyclocheilichthys enoplos (Bleeker,1850) WF Cyen + + - 314 26.40%1422 AB
29  Discherodontus ashmeadi Fowler,1937 WF  Dias + - - 1 0.002+0.001
30  Mystacoleucus atridorsalis Fowler,1937 WF Myat + + + 410 0.75+0.19
31 Mystacoleucus marginatus WF Myma + - - 3 0.008+0.004
(Valenciennes, 1842)
32 Puntioplites falcifer Smith,1929 WF  Pufa + + - 112 6.14+1.96 B
33 Puntioplites proctozysron (Bleeker,1865) WF  Pupr + + + 98 4.88+2.71 C
34 Sikukia gudgeri (Smith,1934) WF  Sigu + + - 734 5.34+2.39 B
35  Barbonymus altus (Giinther,1868) GF Baal + + + 380 5.47+2.13 D
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36  Barbonymus gonionotus (Bleeker,1850) WF  Bago + + + 1,397 90.38+20.34
37  Barbonymus schwanefeldii (Bleeker,1854) GF  Basc + + - 10 0.08+0.02 D
38  Hypophthalmichthys molittrix WF  Hymo - + - 6 5.85+3.37

(Valenciennes, 1844)
39  Hypsibarbus malcolmi (Smith,1945) WF Hyma + + - 6 0.04+13.29 B
40  Hypsibarbus pierrei (Sauvage,1880) WF  Hypi + - - 10 0.50+0.29 D
4] Hypsibarbus wetmorei (Smith,1931) WF  Hywe + + - 99 3.63+1.95 A
42 Scaphognathops bandanensis WF  Scba + + - 341 8.34+4.28 B

(Boonyaratpalin & Srirungroj, 1971)
43 Hampala dispar Smith,1934 GF  Hadi + + + 1,825 68.50+16.40 C
44 Hampala macrolepidota (Valenciennes, 1842) GF Hama + + + 170 24.514+0.55 C
45 Puntius brevis (Bleeker,1860) GF  Pubr + + + 528 2.81x0.511 C
46  Puntius aurotaeniatus (Tirant,1885) GF  Puau + - - 1 0.001+0.001 D
47 Puntius orphoides (Valenciennes,1842) GF  Puor + + + 133 4.79£1.17 C
48  Puntius partipentazona (Fowler,1934) GF  Pupar + + - 57 0.05+0.02 C
49 Puntius rhombeus Kottelat,2000 GF  Purh - + - 9 0.002+0.001 D
50  Cirrhinus jullieni (Sauvage,1878) WF  Ciju - + + 87 1.08+0.34 C
51 Thynnichthys thynnoides (Bleeker,1852) WF  Tyth + + - 147 1.1510.46 C
52 Labiobarbus lineata (Sauvage,1878) GF  Lali + + + 2,545 50.34+14.36 C
53 Labiobarbus siamensis (Sauvage, 1881) WF  Lasi + - - 4 0.062+0.03 A
54  Labiobarbus leptocheilus (Valenciennes, 1842) WF  Lale + - - 46 10.60+6.12 B
55 Barbichthys laevis (Valenciennes, 1842) GF Bala + - - 31 0.3310.19 C
56 Henicorhynchus lobatus Smith,1945 WF  Helo + + + 134 0.95+0.17 A
57 Henicorhynchus ornatipinnis (Roberts,1997) BF  Heor + + + 307 1.9110.80 B.
58 Henicorhynchus siamensis (de Beaufort,1927) WF  Hesi + + + 1,259 19.16+4.52 A
59  Labeo dyocheilus (Mc Clelland, 1839) WF  Lady + + - 17 0.19+£0.09 C
60  Morulius chrysophekadion (Bleeker,1850) WF Moch + + - 81 3.02+1.03 A
61 Osteochilus vittatus (Valenciennes, 1842) WF  Osvi + + + 3,246 132.11%6.51 C
62 Osteochilus lini Fowler,1935 GF  Osli + + + 1,515 23.87+0.97 C
63  Osteochilus melanopleura (Bleeker,1852) WF  Osme + + - 32 1.12£0.50 C
64 Osteochilus microcephalus GF  Osmi + + + 1,170 7.56+2.90 C

(Valenciennes, 1842)
65 Cosmochilus harmandi Sauvage, 1878 WF  Coha + - - 31 3.59+2.07 AB
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Family Cobitidae
66 Crossocheilus atrilimes Kottelat,2000 GF  Crat + + - 48 0.13+0.07 D
67 Crossocheilus oblogus (Valenciennes, 1842) GF Crob + + + 422 0.9710.26 C
68 Crossocheilus reticulatus (Fowler,1934) GF Crre + + - 291 0.98+0.39 B
69  Epalzeorhynchos munense (Smith,1934) GF Epmu + + - 328 2.61+1.28 D
70 Acanthopsis choirorhynchos (Bleeker,1854) GF  Acch + + + 283 1.410.56 C
71 Acanthopsis diaiuzona Van Hasselt, 1823 WF  Acdi + + + 368 1.11+0.57 C
72 Yasuhikotakia eos (Taki, 1972) GF Yaeo + + - 16 0.07+0.026 D
73 Yasuhikotakia lecontei (Fowler, 1937) GF  Yale + + - 13 0.07+0.03 D
74 Yasuhikotakia modesta (Bleeker, 1865) WF Yamo + + - 5 0.17+0.09 A
75 Yasuhikotakia morleti (Tirant, 1885) GF  Yamor + + - 6 0.01+0.003 B
76 Syncrossus helodes (Sauvage, 1876) GF  Yahe + + - 30 0.28+0.09 A
Family Bagridae
77  Bagrichthys macropterus (Bleeker, 1854) GF Bama + + - 10 0.50+0.26 C
78 Hemibagrus nemurus (Valenciennes,1840) GF Hene + + + 408 24.38+6.20 B
79  Mystus singaringan (Bleeker,1846) BF  Mysi + + + 56 0.67+0.29 C
80 Mpystus multiradiatus Roberts,1992 BF Mymu - + - 6 0.08+0.04 C
81 Mystus mysticetus Roberts,1992 BF Mymy + + + 128 1.7620.74 C
Family Siluridae
82  Kryptopterus cheveyi Durand,1940 WF  Krch + - - 5 0.004+0.002 C
83  Knyptopterus cryptopterus (Bleeker,1851) WF  Krer + + + 10 0.16£0.07 C
84 Phalacronotus apogon (Blecker, 1851) WF  Miap - + - 26 11.76+6.79 D
85 Phalacronotus bleekeri (Ginther, 1864) WF  Mibl + - - 85 0.93+0.53 B
86 Ompok siluroides Lacepide, 1803 BF  Omsi - + + 33 0.81+0.37 D
Family Schilbeidae
87  Laides hexanema (Blecker, 1852) GF Lahe + - - 1 0.005+0.003 B
Family Pangasiidae
88  Helicophagus leptorhynchus WF  Hele + - - 53 6.03+3.48 D
Ng & Kottelat, 2000
89 Helicophagus waandersii Bleeker, 1958 WF Hewa + - - 13 0.33+0.19 D
90  Pangasius hypophthalmus (Sauvage, 1878) WF  Pahy + + + 11 0.1740.10 AB
91 Pangasius conchophilus WF  Paco + + + 21 7.2744.19 AB

Roberts & Vidthayanon, 1991
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92 Pangasius larnaudii Bocourt, 1866 WF  Pala + + + 3 727+4.19 AB

93 Pangasius macronema Bleeker, 1851 WF  pama + - - 106 3.17+1.83 A,B

94 Pseudolais pleurotaenia (Sauvage, 1878) GF  Pspl - - + 1 88.00 AB
Family Clariidae

95 Clarias batrachus (Linnaeus,1758) BF Clba + + - 46 2.23+1.10

96 Clarias macrocephalus Gunther, 1864 BF Clma + + - 10 0.77+0.41

97 Clarias macrocephalus x Clarias gariepinus BF Clma + + + 109 9.49+3.42

Clga

Family Belonidae

98 Xenentodon cancila (Hamilton,1822) GF  Xeca + + + 638 6.03+1.66 C
Family Hemiramphidae

99 Dermogenys siamensis Fowler,1934 GF  Desi + + - 13 0.01+0.004 D
Family Synbranchidae

100  Monopterus albus (Zuiew,1793) BF Moal + + + 121 9.65+2.50 C
Family Mastacembelidae

101 Macrognathus circumcinctus (Hora,1924) BF  Maci + + + 30 0.2140.04 D

102 Macrognathus siamensis (Ginther,1861) BF Masi + + + 615 11.11+5.09 C

103 Mastacembelus armatus (Lacepéde, 1800) BF  Maar + + + 32 2.52+1.28 C

104  Mastacembelus favus Hora, 1924 BF Mafa + - - 5 0.05+0.03 C
Family Ambassidae

105  Parambassis siamensis (Fowler,1937) GF Pasia + + + 1,513 1.5940.76 D
Family Toxotidae

106  Toxotes chatareus (Hamilton,1822) GF Toch + + - 78 0.71+0.29 C
Family Nandidae

107  Nandus nandus (Hamilton, 1822) BF Nana + + + 25 0.22+0.08 C

108 Pristolepis fasciata (Bleeker,1851) BF  Prfa + + + 553 10.65+1.35 B
Family Cichlidae

109  Oreochromis niloticus (Linnaeus,1757) BF  Omi + + + 20 2.86+0.82 C
Family Eleotridae

110  Oxyeleotris marmorata (Bleeker,1852) BF Oxma + + + 728 41.91+12.21 C
Family Gobiidae

111 Rhinogobius sp. BF Rhsp - + - 17 0.05+0.03 D
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: a ° [ n'g { v Z [ Z v Z ° )
minﬁ 2.5 BUAR uazmu’mﬁmmﬁwu“luuummﬂi111 HUUTYD LASLUUIN INNITHITIY

9 A. -} Y a * =} a &R A a
awasedie IMluazeruriuads ssnhadeudanay 2552 Gursuliguiou

2553 (70)
A FamilyAe3nmman3 ndu Sede wih $wou vhminasd.  818a
tan NM SK NG () (nn.)

Family Anabantidae

112 Anabas testudineus (Bloch, 1792) BF Ante + + + 132 2.07+0.71 D
Family Belontiidae

113 Trichogaster microlepis (Ginther, 1861) BF Tmi - + - 4 0.06+0.03 C

114 Trichogaster trichopterus (Pallas, 1770) BF Titr + + + 186 1.461+0.21 C

115 Trichopsis vittata (Cuvier, 1831) BF Trvi + + + 48 0.0510.02 C

116  Trichopsis pumila (Amold, 1937) BF Trpu + + + 34 0.01+£0.006 C
Family Channidae

117 Channa gachua (Hamilton, 1822) BF Chga + + - 21 0.62+0.26 D

118  Channa lucius (Cuvier, 1831) BF Chlu + + - 38 2.18+1.16 C

119 Channa micropeltes (Cuvier, 1831) BF Chmi + + + 297 60.07+12.93 C

120 Channa striata (Bloch, 1795) BF  Chst + + + 2,223 316.42+30.9 C
Family Soleidae

121  Brachirus harmandi (Sauvage, 1878) GF Brha + + - 1 0.001+0.0003 B
FamilyTetraodontidae

122 Auriglobus modestus (Bleeker, 1850) GF  Aumo + + - 11 0.02+0.01 D
Tetraodon suvatti Sontirat &

123 GF  Tesu + - - 6 0.0540.03 D
Soonthornsatit, 1985

124 Monotreta fangi (Pellegrin & Chevey,1940) GF Mofa + + + 60 0.05+0.03 D

3MENIUNHA 112 97 54 36388

wineweg: BF = ad, GF = laun wazwF = dJawn

a o o ¥ ° a 1 [ g ..
63 ¥1ia 1ludadiuovas 71.66 voas1uIUTIANNY so3aauNTUIeAIlaIMY (Cobitidae)

a [ Y .. a o3 o
7 wiia Wudadiudesas 1.91 uazrsdlaraao (Pangasiidae) 6 ¥iia 1udaaiudevas 0.57

+-=d159nun5 0 liny

A 11910 (Baran, 2010); B ¥131n (MRC, 2006); C 11311 (Fishbase, 2014)

D 11910 (Rainboth, 1996)

' It ' It a .. o
AuRAINAIe IULAAZ 1A WU FamzINoU (Cyprinidae) WINNYA

a o -2 ° ar 4 [ a w ¢ P
YBIFUANNY LazHaMs AN IUA TuedRlsznou Tassad nrianufilan (E-value) nwu

o 1 ' o o ar 4 L
NIvuA (MW 2.6) WU U102 (Rasbora dusonensis) UTIUIUAWINNTARD (MIAY
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° 2', o 4 =4 o
fouaz 12.09 voIUUNIMUA uazsialamnuitluesnlsenauveelassad9seatun 6
dusvusn Tdun daradesunin (Osteochilus vittatus) Janan (Labiobarbus lineata) Uaryeu
(Channa striata) ﬂamsxq‘ugﬂ (Hampala dispar) lamimueg (Osteochilus lini) daudluud
. . . =1 A o ] o
(Parambassis siamensis) WazUa1agROUV1 (Barbonymus gonionotus) 1avlidaaiusinsznou
¥
mduSesas 8.92, 7.00, 6.11, 5.02, 4.16, 4.16 UAZ 3.84 VDI IUIUNINUA AUAIAD Lag

- Saay 2 o ¥ =2 g Y o o ¥
MIURUAUUNITDYASATAUNT 51.30 UDITUIUNINUA %Qlﬂuiﬂiﬁﬂi1ﬁﬂﬁﬂﬂlﬂﬁﬂ1u')uVN‘Hllﬂ

Bz t Setalbudes
. & Ambundn
. B Selndes
: 0 Assbubtor
. - @ Ovbuder
B Bestades
. B Qedhder
B Tonsvder
: B tybrmcde
. i W Nemrmapts doe
' o Delomber
. W Pangaen doe
W Bagrwiitee
LI B Tousedoatrboe
[
. B Cupardes
0 Netoptender
B Monaconbelider
W% - [ -m T
0 Dlamdee
100 - B Chumnten
B Delontutor
oo . . S I L
Mun Seaghram Gam

4 ° 4 ' ° ¢ 3 ' ¥
ﬂ]ﬂﬁ 2.6 %’aﬂazmmmmmqﬁ (Family) AN mﬂmsmsaﬂuuuuma YUY

(NN 2.7)

i %83

Relative Abundance Percentages
§ & ¢ 3

lg Io t o s
uazui M sgnnadeudania 2552 Ha ieuliguio 2553

8 Radu
B Oom
W Chst
B Dah
i Had:
i Osh
W8 Rato
B Pasua

Bago
% Hem
4 Osom

11%% _~ 3 Oxma
# Cyar

ity Other

2.8 % .
168% .0

i
3180,

1
335% 364°% 4406°

i < 3 ° & i ' 3 ' 3
and 27 eedlsznevvesyila (Fevaz Taesuaudd) iy luiiya uidhasasiuuas

A o

lg H o by A ) 9/ Y a 1
UUHUINM i]']ﬂﬂ']iﬂ']i']i]ﬂ']ﬂlﬂ‘iﬂ\illﬂ"lﬂﬂ'] UAZDIUNUAAN TENIUADUAINIAY

2552 fluRpulgUIBY 2553
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anunaInratsvesriialatieuiaivhiidsie wui uhiaensu
fnunannawvesriindaigegn 112 ¥iin 64 ana 23 29d lasndlaiasifion
(Cyprinidae) Wnfiga 58 viia udadudesas 51.79 vesswauriiainy sesnsniuled
1lamy (Cobitidae) 7 wiin 1ludadiudevas 6.25 uagredlarans (Pangasiidae) 6 ¥iin
udadanudevar 5.36 veswiiafing smmu1ﬁau1i1§muawuﬁuﬁ:ﬂaw‘?wm 97 ¥iia 61 ana
24 23¢ Tawreflamzifion (Cyprinidae) mﬂﬁqﬂ 48 wila Wudadudovas 49.48 voasuau
wiiafiny seanauiiuasdlainy (Cobitidae) 7 ¥iin udadaufosas 7.22 uazadlauos
(Bagridae) 5 ¥iin dludadiudosas 5.15 vesriafing uazshhdmmususialantes
fign 54 wila 37 ana 18 e Tavredilarmzifion (Cyprinidae) wnfiga 26 Fiia Wudadau
Youay 48.15 vousuINFianny sesasuniuledilanves (Bagridee) 29filaradn
(Belontiidac) Laz29Aa1Man (Mastacembelidae) 29ffaz 3 wila fidadufimiudedovas

3.57 Y9a¥UANNY

//

Nunber of spicies (s)

'S
[y
) T D W VO N O T T T N W T A T |

“ u
25 —a—
20
15
10
5
0 T T T T T |
Aug-09 Oct-09 Dec-09 Feb-10 Apr-10 Jun-10

—=Muy =E—Gan =—k=SongKham

4 o ) ' ,a’ 1 g ' ,a’ 'a '
ﬂ]‘ﬂﬁ 2.8 mmuwmmmimsafn‘luuumga HUUHIANATIN HasHuUIM sxmmﬁau

famay 2552 DauRouiiguiou 2553

2.62 m3fFeuisuanue1adital (body length) L19FHATEHINAIDE19910

1 ’O’ ) ,a’ LY ) o
uhave s v msiSsuhsusuian1ue1iaaal (body length) voIrtanLs U
N . o X ¥ 2 2 P ¥ . 2
anna1 150 arvu T snauiheviveanidt Tue 3 wit Tdun wivya wirhasasw
lg 'a 3 a 'cs a
HaziiimM SuraRAnET 8 ¥iia Useneudie UainetNouvd (Barbonymus gonionotus)

anzinounes (Barbonymus altus) aradwun (Henicorhynchus siamensis) o 1ddu-an
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V12 (Cyclocheilichthys  armatu) a1nsz s (Puntioplites  proctozysron) Uad foounivn
(Osteocheilus vittatus) a9 (Labiobarbus lineatus) uazianamaes (Hemibagrus nemurus)
wamsAnyIMIISouRouvuIanMue1I@1/a1 (body length) WU $1UU 7 Fiia IAunde
1] L] g 1] 1] o (-3 o an o H
AU (total length) TZTHUIUUILANWUANAIIBI1TTBTIAYN1IADA AIA1319N 2.6
Y a ) a vey 1 aa
sndutlainzifouv1a vurannuoddaundelulinnuuanaaneada F = 1.00,
t!. R R o A A U d'
P = 0.179) uazilenaaou (Posteriori test) Monasniailinnuulsdsiunundsanuenives
1 ] ?,’ R ' a ¥ =}
lamnuaazuinans wun 6 e dszneuaiv daasinounss (Barbonymus  altu)
daradwvn (Henicorhynchus siamensis) o lddua1vn (Cyclocheilichthys  armatu) a1
N52U3 (Puntioplites  proctozysron) 12191 (Labiobarbus  lineatus) haz  Uainainaes
H ' %’ » * ’ %’
(Hemibagrus nemurus) YU1AANULIAR doveslm9nihaens wiiagannuuiiyouas
’ ,o’ 'o ’ g .o i d
wirthii Tasluwihiivuieanuorimdevesloradesuna (Osteocheilus vittatus) in1ga
' ' ¥ v 3 ! an Y,
nusihyauazmiihaIns 1y (13NN 2.6) nazHansnadeunwadaSoumsuanueal

1o vesumazyiauaaslunianuIng a.1-n.8

A15190 2.6 MSIFOUINEUAMNUANAIINIIADA ANVB1IA1A1 (total length : mm) IMDe+Sd.

. J o ? 13 ,o’ 13 ,o’ A
veartalaINUTIUINAININAN 150 A2 ISHINUUUIYD LUUIAINTIY

wazwiiih
- . - mmunméﬂ (mm)xSd.
BYHA FTUIUM P-Value .  ? W7
uumga HNHITINI TN HNHIM

Barbonymus gonionotus 335 0.179 130.5+47.1 144.9+86.5 126.3+40.9
Barbonymus altus 156 <0.001 7554255  94.64443"  86.9443.5"
Henicorhynchus siamensis 450  <0.001 130.5+49.3°  134.0+21.1° 87.8436.1°
Cyclocheilichthys armatus 162 <0.001 87.1124.5°  1004+15.6" 81.2420.5°
Puntioplites proctozysron 712 <0.001 86.3+35.8 142.0+34.7° 145.1+42.1°
Osteocheilus vittatus 1,175 < 0.001 ]23.8:!:29.9b 123.8434.9° 135.8+38.5°
Labiobarbus lineatus 776  <0.001 99.0+27.4°  117.94222°  112.5436.7
Hemibagrus nemurus 165  <0.001 64.5441.6°  203.5427.6°  174.1£54.8°

2.6.3 MATHLNYANIURAINHAINIIE ININUASHOAIMNVBIMKAND

A ) o adayr A a o v 3 ¥ °
ﬂ151.|5zulumﬁ‘lﬁl"n115U01$ﬁﬂ1w711~1unﬁu‘llmlm’mu1 ’Ji:ﬂﬂUﬁ'JU T1UIY

¥UAMDY (average species richness; ASR) 31U IUFHATL AU (cumulative species richness; CSR)
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HATATLIANUNAINYANY (diversity index) mmueiazun'ﬁmmLﬁauﬂ?aqgmaﬁﬁﬁm WU
AuRaAvsIIuTiia (ASR) agagalumithasnsm whiy 25 siia mqmm'lﬁufiuﬂﬁma
wazithmlimmassnusiiamiiy 23, 16 siia muddy tesdenRomiounasaves
Swuriiaman (ASR)  sevasihfanu wui sousiamasvesmmmithiinn

UANANBYNINTEINYNNEADE (F = 6.63, P < 0.01) AI1151 2.7 LazAI519HUINT 9.9

AI519N 2.7 ANNDY £ Sd. YBITTUIUTBIA (species richness) LIAL AMATUAIUNAINNATY
v 3 ' 3 13 e ]
(diversity Index; H’) 91nM3d1599 Tulaihaans i withyauag widim sguang

inoudaniau 2552 Dapouliguisu 2553

- . species richness diversity Index
oUdIN qama : :
ya anNId 1 ya aNnIY L
Famau 2552 garu 1946 (43)  23£11(60) 115(25) 232404 24003 19703
ARIAY 2552 U 28+10(57)  33%14(70) 164 (25) 224209 2.73x02 230+0.4
funan2s52  wldougg'  21x1146)  31:27(84)  16+2(29) 2.00:04 232405 2.310.1
AUNTUS 2553 ggeu 2613 (53) 2248(48) 17+4 (32) 23405 232403 233x0.1
Wwywu2ss3  gadeu 2117 (44) 1942 (48) 1643 (30) 225404 2.16x0.5 2.10+0.5

Hguiou2s53  1ldougg’ 2348 (53)  31x13(54) 176 (39) 220+0.7 2.10+0.5 2.30+0.5

ANRAULSd. 23+6%(97)  25x14°(112) 16+5°%(54) 220401 233202 2.2240.]

P 14 o g I
winevg: Wasuge' Aedaasuggruiiuggiou

, Lo
uldougg’ Aesranldouggdouilugadu

iiene1sanduIusliaazdy (CSR) MuABUMIBNANIaN 1379 veunng
v ’0' X ' [ z ] ° a a 3

W1 (A15190 2.7) W mihaensnlug9g9iu (wet season) SIIUFTANNGIVUDIN
A a A o & l a g ¥ Ao a
iweudamauuazgegaluideusunaugailusinlfousinggruiilugaiou fisiuiuviia

o a a 3 o oy @ v g o
Az augIga 84 ila nazanyuzmsinuyuveITusiamiiouiulumiiya Taslisiuau
yingalugaggru (wet season) FraReugaIAUNITINIUSTATZAUGIGA 57 FilA UAZAADS
2 R a 9 Y Ao = o a
AuarsnltounanIngarud1gaauda (dry season) Tnsldusiiadzausiga 44 ila lu
A ) ] %’ o o a @ o A ) ’ ] o
wewuyoy @aulumithisiuustianuglaimuaeudisieaisg lundsumnlaaunn
m1'lns TaoluReuliguisuwusuoustiaasaugega 39 ¥iia uazllonSouhounaata

* 3 a ' o o 1 2,’
YDINUIUSUATS TN (CSR) szmmmmﬁﬁnm HWLIN ’\)'IH'J'H‘IIHﬂﬂ%’,ﬁll‘llﬂﬂﬁ'mlmu'lflﬂ'.]'lll
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uANANBE NI IR YN IADA (F = 3.68, P < 0.01) LA ITANULANANNNATA 58HINIRDY
4 . 4
Nd1399 (F=0.22, P = 0.94) AIA15 19WUINT A.10
1 @ w d w A o w ¢
AIUAFUANUNAINWUTHIBAFUA UM INM10V0IFUANUT (diversity
’ v ’o’ PR v ° a ]
index) Tmgagalunmihasns Bauniny 2.73 Tumeuamay uazigalumeuliguisuiia

' a J ' 3 T w ¢ v 'V a )
10 2,10 daunihyalimgagaluasunuamus dauiinu 2.34 uaslinmigalunou

-
o A w A

fguiou damithiiiissiianumainiugingegamity 233 uazawngaludeudaman
Hauify 1.97 demsedi 2.7 nazidonSoufivunsadavesmiasinnumainiug seni
withiAne wudh sswiinnumainiug lilianuuanmeedieiideddymenda = 1.00,
P=0.46) Aa151971 2.7 (A3 1HLANG .11
2.6.4 In3sa31am3sunguueaiugilal (fish assemblage structure)

msanseiBuduvesdeyasiuiuda nashminluusazyiia (Abundance
-Biomass Comparison; ABC) (Warwick, 1986: 560) Faslumsu oudfeunnansnszaoves
Yarludszany 1INAIAININYNVB IARZHIIA (species abundance) W suiiduiimin
ypadaiAaz¥iin (species biomass) lussmilszneu Tnssadrsvenlailuudazi@eoudisae
WazdAmeada W statistic idnadnumes Inssadrsvenlsznaular luudazsranaifidisan
Taovnidunsiw Biomass agmilatduns vl abundance aze W statistic iAuilunin uaasda
vwadalulnssadnlassaiunguilorfiivinalng wosdudunsl biomass oglnd

» ' a *
1&unsW abundance laun W statistic Iautluay uaaslimiud lulassadelaosauiluilan

=4 =} 1 9 a ’ 3 o Gl ] ) o ]
‘ummanﬂ5anqugnﬂmmmlmu°nnquﬂmmmw5aﬂawum‘lmg“lmmnmmnma
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ami 2.9 TassadnvemiuflawinmisAnuidnyazusadunsiv biomass, abundance Haza
Aﬂ’ d' ) g ] g * g .o 1 P | -
W statistic 91PWUNANB WIS wihdensw uazwiiim ssnhadeudaman

2552 aAaulguIou 2553

@ & 4
nnwan1sAny Inssasnvesiuglaininduns v sinawusihaivives
' 3 ' o ¥ . ' ¥ ' . e
Wi Tvg wu Anbez¥oudunyIv biomass giMileidunsIW abundance UAZA W statistic
= g Ao - o 2 v 3 ' 3 a4 o Q2 & v 3
Tantlunnidnyauzimileununimuuitne widya ludsudmiaudadsumuiou wih
& a & M e '3 e Aa o 4 A A =
awnsmlupeu Famaw DauReutunay wihmlu@eudamiay dufeuliguiou (MwA
' i o o = 4 '
2.9) uaasnalaseadnvenlszrnaularlumudsundisndmaiiulamiivualeg
b 4 ' 3 o o a ' 3 a J
sumihaenswlu@eununius uaziMeuliguisy uazwiiiyalu@euiiguisy wun
. [ ¥ ¥ ] . . v d H
1§uns W biomass 8¢ 1nA1duN3 W abundance TaoA1 W statistic Ianiluay (i 2.9) naasld
=1 1 9 =t < -~ 3 9 o 1 e a ]
munlulassainlassmiilawunaannsengugnilandnumunnguilanauionieda
r ’ 9 2R a b4 g
wnalng lugngauassudemalaouggangguasiiggaru
<
2.6.5 M3AANRNgUYBIsz 1 IANa1A 2835 cluster analysis
a ¢S 1 Y aa . a s aa (Y
M5 AATIMNQUAITD cluster analysis HuMsARsIzAMeataLLLM A1,
wals (multivariate analysis) 1RO WUALAZUAAIDNHULMITANGUATIUNAINHAWHAZAIINYD
i ar ’ ] %’ i : ' g M g
guvealszwinuilar AiquarediennaumiiavivesniiTvshe withya wiiigensw
3 o 4 o v -3 v - ] ° .
HAZHIIAT MY 6 AT VINTIWIUNUIINVAIBENINUA 18 MUWHT1393 (survey unit)
[ J 9 r {
ausadAnguANUARIoARueIAINgNguIelszsIaular1R 6 nqu (cluster) (M 1WA 2.10)

a o 3 3 § ] a L . .. ..
Az AN IZVAINGNABITININNQURNLL TABNIT NI IZA analysis of similarities (ANOSIM)
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] (Y a J J

WUNTANUUANAINITHI1INGU(cluster) BENITBTIAYNNATATENINNGU 6 QU

e

(R = 0.65, P=0.001) Tavliswazidsaveduaazngu Al
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1NN 2.10 ﬂ'l'i’Jlﬂi'lZﬂﬂijllTﬂU’Jﬁ cluster analysis 9INAUNFANHILUUIYA HUUITIATIY

) g ; 4 = =
waziihm sz nudeudaniaw 2552 HuReuiiguiou 2553

.
a oA

3 d‘ v o . :‘Q Ay
NQuUN 1 (cluster A) ilsenouain 6 9A01379 (survey unit) FINUNHIDIA

L}

=2 A

3 1 4 [ 1 z ° o [l :l ] o
drsaenavualunguiiegluuiihimnindeudisienieg Asasuaidsudamauidudeu

¥

a o ' 'V Aa ¥ 2 )
uguisy wazilszsauailu cluster g Inailunquinsinisenondrwauluszoznadu
A Aaa ’ ' ™ ' ag 1a ¥ A - ' °
nsenizonnauilaum (grey fish) aununguilain lulinsenendrodunsenguilaid

a o L4 o o o o 1 r
(black fish) vInFiAnan 10 dusuusnlassuruadrlulassasavdn wun ladevazsiy
74.76 S100ZIDUA3 DUAZYDIADZHIA ATUAIT1IN 2.8
' 4 . Z 3 o
NQUT 2 (cluster B) Usznaudie 3 9AT11329 (survey unit) wuﬁﬂ?agﬂmsm
’ v ¥ A A v oI& ' 9 »
aglumihyalu@eudisasuwiou uazmaufgumwuﬁmﬁlumaqgum waznguiailu
2. = ' Ao ¥ A H & aAa ' '
cluster e Ingiilunguntimsenendrsduluszezmadunseniosnainguilann (grey
o ] a0 1a y 2 A ' ° " A o
fish) Heunungulan lulinisewondiodu n3onguilaid (black fish) 15UIALINY cluster A
nnyianan 10 susuusnlagsuiuaalulassadranan wuaa Jardesazsay 71.04

S1UZIDUAS DUAZYDIARZFLIA MUATTIIN 2.8
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d' ¥ o (Y @ () ar VoA
A1319N 2.8 Feuaz Taedauaivesa 10 suauusn Tulassadwvanvesngquin 1 uag 2

(cluster A it B)

cluster A ngu  3emaz  cluster B ngu  3ewas
dar  dnnum dar  Sunuid
Osteochilus vittatus GF 12.9  Rasbora dusonensis GF 18.87
Channa striata BF 10.92  Osteochilus vittatus GF 17.93
Hampala dispar GF 991 Channa striata BF 11.92
Rasbora borapetensis GF 8.46  Osteochilus lini GF 6.15
Rasbora dusonensis GF 7.70  Rasbora borapetensis GF 3.38
Cyclocheilichthys armatus GF 5.49  Osteochilus microcephalus GF 3.31
Labiobarbus lineatus GF 547 Parachela siamensis GF 2.59
Osteochilus lini GF 4.95  Puntius brevis GF 24
Oxyeleotris marmorata BF 4.85 Crossocheilus reticulatus GF 2.26
Pristolepis fasciata BF 4.10  Parambassis siamensis GF 2.25
ey 74.76 ey 71.04

J i 9 ° . } 4 .
AU 3 (cluster C) 1szNBUAIY 2 3Ad1579 (survey unit) AuNuIeyad139

) A a 3 - o a 5 & @ 2 -
’c‘)giuwummumaiuLﬁﬂﬂﬂﬁ’J‘ﬂﬂQMﬂN LHazouUA[INY leﬂuquq@,u'lﬂa'lﬂﬂiﬂf]ﬂdu

2 Ao g 2 2 a da ] ’
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v o o [ Qo £y = 1w Y a £y
Fouaz10 suauIn Inoauallulaseadne nun Inmnusesas 74.62 s10aziooadoons
YBAUADZYUARINATIT 1IN 2.9
v oA b4 o . .i’ A A o
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Family Notopteridae

1 Notopterus notopterus (Pallas,1780) Notopterus Nono WF + + + 21 040
Family Clupeidae

2 Clupeichthys aesarnensis Wongratana,1983 Clupeichthys Clae GF + + + 930 17.76

3 Tenualosa thibaudeaui (Durand, 1940) Tenualosa Teth WF - + - 2 0.04
Family Engraulidae

4 Setipinna melanochir (Bleeker,1849) Setipinna Seme WF + + - 3 0.06

Family Cyprinidae

. 5 Paralaubuca riveroi (Fowler, 1935) Parachela Pari GF + + + 40 0.77
. 6 Parachela maculicauda (Smith,1934) Parachela Pamac GF + - - 17 0.33

) 7 Parachela siamensis (Giinther,1868) Parachela Pasi  GF + 4+ - 9 017

; 8 Parachela oxygastroides (Bleeker, 1852) Parachela Paox GF - + + 35 0.66

9 Raiamas guttatus (Day,1869) Raiamas Ragu WF - + - 75 1.44

' 10 Opsarius koratensis (Smith,1931) Opsarius Opko GF + + + 40 0.77
|1 Esomus metallicus Ahl, 1924 Esomus Esme GF + + + 83 1.59

12 Rasbora borapetensis Smith,1934 Rasbora Rabo GF + + + 818 15.61

. 13 Rasbora daniconius (Hamilton,1822) Rasbora Rada GF + + + 34 0.64
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#  FamiyAoInmmani Nga/Genus Yoo  ngu with WM % E-
Yoy NM SK NG () value
14 Rasbora dusonensis (Bleeker,1851) Rasbora Radu GF + + + 351 6.70
15 Rasbora trilineata Steindachner,1870 Rasbora Ratr GF - + - 5 0.09
16 Rasbora aurotaenia Tirant, 1885 Rasbora Raau BF - - + 1 0.02
17 Rasbora rubrodorsalis Donoso-Biichner & Rasbora Raru GF + + + 17 032
Schmidt, 1997
18 Rasbosoma spilocerca (Rainboth & 123 234
Kottelat, 1987) Rasbosoma Rasp GF + + +
19  Amblyrhynchichthys truncatus (Bleeker, 1850)  Amblyrhynchichthys Amtr  WF  + + - 4 008
20 Amblyrhynchichthys micracanthus Amblyrhynchichthys Ammi WF - + - 5 0.09
Ng & Kottelat, 2004
21 Amblypharyngodon chulabhornae Amblypharyngodon Amch GF - + - 2 003
Vidthayanon & Kottelat,1990 5 0.09
22 Cyclocheilichthys apogon (Valenciennes,1842)  Cyclocheilichthys ~ Cyap GF - + + 1 002
23 Cyclocheilichthys armatus (Valenciennes,1842)  Cyclocheilichthys ~ Cyar GF + - - 16 0.30
24 Cyclocheilichthys enoplos (Bleeker,1850) Cyclocheilichthys Cyen WF  + + - 35 0.66
25 Mystacoleucus atridorsalis Fowler,1937 Mystacoleucus Myat WF + + + 502 9.59
26 Mpystacoleucus ectypus Kottelat, 2000 Mystacoleucus Myec WF + + + 29 0.56
27 Puntioplites proctozysron (Bleeker,1865) Puntioplites Pupr WF  + + - 3 005
28  Sikukia gudgeri (Smith,1934) Sikukia Sigu WF - + - 100 1.91
29 Barbonymus altus (Ginther,1868) Barbonymus Baal GF + + + 50 095
30 Barbonymus gonionotus (Bleeker,1850) Barbonymus Bago WF + + - 41 0.78
31 Barbonymus schwanefeldii (Bleeker,1853) Barbonymus Basc GF + + + 1 002
32 Barbichthys laevis (Valenciennes, 1842) Barbichthys Bala GF - + - 8 0.15
33 Scaphognathops bandanensis Scaphognathops Scba WF - + - 21 0.40
(Boonyaratpalin & Srirungroj, 1971)
34 Hampala dispar Smith,1934 Hampala Hadi GF + + + 145 277
35 Hampala macrolepidota (Valenciennes,1842) Hampala Hama GF + + - 3 005
36 Puntius aurotaeniatus (Tirant,1885) Puntius Puau GF + + + 9 0.18
37 Puntius brevis (Bleeker,1860) Puntius Pubr GF + + + 19 0.36
38 Puntius orphoides (Valenciennes,1842) Puntius Puor GF - - + 1 002
39 Puntius partipentazona (Fowler,1934) Puntius Pupar GF + + - 6 0.12
40  Puntius binotatus (Valenciennes, 1842) Puntius Pubi GF + + - 2 0.05
41 Thynnichthys thynnoides (Bleeker,1852) Thynnichthys Tyth WF - + - 2 004




l-';. o a [V ] ’o’ 1) g b 4
M13199 3.5 asmlszneuvessiingnilarivdeu lumithmviveanii Ivalszneuaie

70

4 [ ?,‘ [] ’o‘ .o t a =
witya wihans e uaziiim ssuhafeudanay 2552 fudeuliguiou

2553 (s19)
A FamilyAo3nmmans AQ/Genus Sote g whih M % E-
dar NM SK NG (f2) value
42 Labiobarbus siamensis (Sauvage, 1881) Labiobarbus Lasi GF + + - 2 0.04
43  Labiobarbus leptocheilus (Valenciennes, 1842)  Labiobarbus Lale WF + + + 5 0.09
44  Henicorhynchus omatipinnis (Roberts,1997) Henicorhynchus Heor WF + + + 5 009
45  Henicorhynchus siamensis (de Beaufort,1927) Henicorhynchus Hesi WF + + + 157 2.99
46 Henicorhynchus lineatus (Smith, 1945) Henicorhynchus Heli WF + + + 13 024
47 Osteochilus vittatus (Valenciennes, 1842) Osteochilus Osha WF + + + 16 0.30
48 Osteochilus lini Fowler,1935 Osteochilus Osli GF + + + 20 0.39
49  Osteochilus melanopleura (Bleeker,1852) Osteochilus Osme WF - + + 3 006
50 Osteochilus microcephalus (Valenciennes,1842)  Osteochilus Osmi GF + + - 32 0.61
51 Crossocheilus atrilimes Kottelat,2000 Crossocheilus Crat GF + + - 6 0.11
52 Crossocheilus oblogus (Valenciennes,1842) Crossocheilus Crob GF - + - 1 002
53 Crossocheilus reticulatus (Fowler,1934) Crossocheilus Crre GF + + - 15 029
54 Epalzeorhynchos munense (Smith,1934) Epalzeorhynchos Epmu GF + - - 1 0.02
Family Balitoridae
55 Homaloptera smithi Hora, 1932 Homaloptera Hosm BF + + - 2 004
56 Nemacheilus pallidus Kottelat, 19950 Nemacheilus Nepa  WF - + - 1 002
57 Nemacheilus platiceps Kottelat, 1990 Nemacheilus Nepl WF - + - 3 0.05
Family Cobitidae
58 Acanthopsis choirorhynchos (Bleeker,1854) Acanthopsis Acch  GF - + - 5 0.10
59 Acanthopsis diaiuzona Van Hasselt,1823 Acanthopsis Acdi WF - + - 2 004
60 Acanthopsis sp Acanthopsis Acsp GF + + + 43 0.82
61 Yasuhikotakia lecontei (Fowler, 1937) Yasuhikotakia Yale GF - + - 8 0.15
62 Yasuhikotakia modesta (Bleeker, 1865) Yasuhikotakia Yamo WF + + - 4 0.07
63 Yasuhikotakia morleti (Tirant, 1885) Yasuhikotakia Yamor GF + + - 2 004
64  Lepidocephalichthys hasselti (Valenciennes, 1846) Lepidocephalichthys Laha  BF - + - 1 0.02
65 Pangio anguillaris (Vaillant, 1902) Pangio Paan WF - + - 1 0.02
Family Bagridae
66 Bagrichthys macropterus (Bleeker, 1854) Bagrichthys Bama GF - + - I 0.02
67 Mystus atrifasciatus Fowler, 1937 Mystus Myatr BF + + - 11 021
Family Siluridae
68 Ompok siluroides Lacepéde, 1803 Ompok Omsi BF - - + 1 002
Family Pangasiidae
69 Pangasius macronema Bleeker, 1851 Pangasius pama WF - + - 2 004
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2553 (719)
A FamitySemmmani nda/Genus fede ndu whih i %E-
a1 NM SK NG (#7) value
Family Akysidae
70 Akysis varius Ng & Kottelat, 1998 Akysis Akva  GF - + - 1 002
Family Sundasalangidae
71 Sundasalanx mekongensis Sundasalanx Sume WF + + + 752 14.36
Family Belonidae i
72 Xenentodon cancila (Hamilton,1822) Xenentodon Xeca GF + + + 30 0.57
Family Hemiramphidae
73 Dermogenys siamensis Fowler,1934 Dermogenys Desi GF + + + 27 051
Family Adrianichthyidae
74 Oryzias minutillus Smith, 1945 Oryzias Ommi BF + + + 4 0.08
Family Chaudhuriidae
75 Chaudhuria caudata Annandale, 1918 Chaudhuria Chca BF - + - 1 0.02
Family Mastacembelidae
76 Macrognathus semiocellatus Roberts, 1986 Macrognathus Mase WF + + - 17 032
77 Macrognathus siamensis (Ginther,1861) Macrognathus Masi BF + - - 1 0.02
78 Mastacembelus favus Hora,1923 Mastacembelus Mafa BF + - - 1 002
Family Ambassidae
79 Parambassis siamensis (Fowler,1937) Parambassis Pasia GF + + + 216 4.12
Family Toxotidae
80 Toxotes chatareus (Hamilton,1822) Toxotes Toch GF + - + 10 0.19
Family Nandidae
81 Nandus nandus (Hamilton, 1822) Nandus Nana BF - - + 1 0.02
82 Pristolepis fasciata (Bleeker,1851) Pristolepis Prfa BF + + + 21 039
Family Cichlidae
83 Oreochromis niloticus (Linnaeus,1757) Oreochromis Omil BF - + - 1 002
Family Eleotridae
84 Oxyeleotris marmorata (Bleeker,1852) Oxyeleotris Oxma BF + + + 6 0.1l
Family Gobiidae
85 Gobiopterus chuno (Hamilton, 1822) Gobiopterus Goch BF + + + 37 070
86 Rhinogobius sp. Rhinogobius Rhsp BF + + - 26 049
Family Anabantidae
87 Anabas testudineus (Bloch, 1792) Anabas Ante BF - + + 5 0.09
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' ¥ ' ¥ v 3 e » a a
BUUIYA HUUITIATIN LASHNEIN iZ‘H’J'NlﬁﬂuﬂQ‘H'lﬂiJ 2552 3«ﬁauuqmuu

2553 (10)
A  FamilyAemmmans Ng3Genus fetie  ngu with huwm % E-
Yaa NM SK NG (/) value
Family Osphronemidae
88 Betta smaragdina Ladiges, 1972 Betta Besm  BF - - + 1 0.02
Family Belontiidae
89 Trichogaster trichopterus (Pallas, 1770) Trichogaster Trtr BF - + + 7 0.14
90 Trichopsis vittata (Cuvier, 1831) Trichopsis Trvi BF + + + 19 037
91 Trichopsis pumila (Amold, 1937) Trichopsis Trpu BF + + + 39 074
Family Channidae
92 Channa striata (Bloch, 1795) Channa Chst BF + + - 4 0.83
Family Soleidae
93  Brachirus harmandi (Sauvage, 1878) Brachirus Brha GF + - - 1 0.02
Family Tetraodontidae
94 Tetraodon suvatti Sontirat &
Soonthornsatit, 1985 Tetraodon Tesu GF - + + 2 004
95 Tetraodon cochinchinensis (Steindachner, 1866) Tetraodon Teco GF + - - 1 0.02
96 Tetraodon cambodgiensis Chabanaud, 1923 Tetraodon Teca GF + + + 4 0.08
97 Tetraodon turgidus (Kottelat, 2000) Tetraodon Tetu GF + - - 10 0.19
IS MIUVA 64 83 47 5202

ninema: BF = 1/a1, GF = 1aum and WF = 1la1wn, +/- = drsranumse inu
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d' v [ ISy [ o o v lz
NINN 3.5 5aﬂaxaaﬂﬂizﬂaumawuﬂgﬂﬂm'waau (TﬂUi]'l‘Ll'J‘Llﬂ'J) Tmmazuum
' ¥ v 3 ¥ s . ' a
“lJﬁZﬂ’é)']Jﬁ"JU HUUIYA LUUITIATIN HASLNUIN ﬁ'lﬁ'Ji]iZﬁ'J'l\HﬁﬂUﬁ\iﬁ'lﬂiJ 2552

2 A a
AU NQUIU 2553



M319% 3.6 M3unnguilal (fish guild) TroswIUAINGUAIA (black fish) nguila1vn

4 ’o‘ ' g :: 3 ’ a a
HUHITIAIIN HasituuIN mrmszmmﬁaummﬂn 2552 60!581&1@1‘!1{11‘!

2553
) v . . nganlm
1w 1ABUT13 2D
. lawh tlaum e
ya Famay 2552 34 182 150
AQIAY 2552 7 269 40
FUIAY 2552 0 82 18
AUAUT 2553 22 154 4
[WHIBY 2553 55 123 2
uguIeU 2553 2 353 2
NI TIMNAN 2552 36 647 63
AAINY 2552 0 98 484
. TUNAN 2552 0 141 129
. AUNAUT 2553 1 106 184
[WHIBU 2553 10 38 325
UguIBY 2553 19 158 308
i FamAw 2552 8 244 10
AAY 2552 6 136 1
FUNAN 2552 11 63 4
QUMW 2553 1 140 5
IWHIOY 2553 3 154 2
UQUIBY 2553 36 127 7
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J ] ° ’ g
(white fish) taznguiaun (grey fish) muggn1adis1991nMsd1529 Tuuiihya

[] J ] %‘ H U
anunaInvaisysIsiagnilaiisesuluuaazuiniingd 1599 nun

» 3 [V o o
withieenswinuvainalsyesgnilariveeugaga 83 ¥ia 53 aNa 24 2 509030170

] g o 5 a o ' g ° o d 3’, a
Hilu'\ll“ﬁWUWUS;ﬂﬁ'WNYi'ﬂﬂ 64 ¥UA 31 dnNa 21 29 LASHUIUIM wnwugﬂmmﬂm\ 47 ¥UN

o o o 1 [] g 4
29 dna 18 A uazswazBeavInlszneuran TuuAAzINTITI0IUHARIUAIT 1IN 3.5 1az

4 ° ’ . W a4 g ' '
AN 3.5 nazhinisuonnguilan (fish guild) mudnyuzmsenondodumilu 3 nguds nqu
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. 2
Ua1f1 (black fish) NQula1u17 (white fish) waznguilauM (grey fish) W1 uNUIYaKULN
} 4 ' ’o’
sialamunguastl nquilaid 12 ¥tia nquia1vd 17 sila uaznguilainm 35 siia with
} 4
gansmonsiadaimiunguasil nguilaid 15 siia nguiavd 28 wila waznguilawm
¥ 1w L4 v ° a U a '
40 ¥iia uazmihnuensiiatamunguasi nguilaids 12 siia nguilaivn 9 ¥ia uazngu
a =) ' 1 ' z =4 ld'
aum 26 wiia  uazswazieanguila lunaazihau@eunfnyiswaunaniy
a
A13199 3.6
a L4 .
HaN5 AR IEHANNs Y IMUUNY AN (permultivariate  analysis  of
variance: PERMANOVA) 521119 $142U%1A taznquusignila1iveeu (migratory guild) lu
[) z ) [] H ] v ° a @ o ] a
WiA199 1azEMINANYIANIE WU Tuusiawuiuesnguuesgnilariveeu anu

UANA1900 1 TNTBd 1NN 19aDA AINAII 19N 3.7

4 a L4 ° = . .
M350 3.7 Hams AR IEHAuN 152U (ANOVA) 0931 u%iia (species richness) 1ag
] @ * ] 8 [ ’J ' : .o ]
nguesgmlarivesu serIawihya wideensw uagwiim sTniadsu

damny 2552 DaRouliguioy 2553

Source of Species assemblage Guild assemblage
Variation df MS  P-value df MS  P-value
River 2 2186  0.001 2 0.70 0.001
Month 5 0576 0.001 5 0.17 0.003

River X Month 10 0367  0.001 10 0.15 0.001
Residual 60 0.123 60 0.06

v z 4 .

3.6.2 Anumuuniuvesgnilar SuseunemianuiluaeudmI 119
] o 1t ’ g N ,o' o @
MsHsanuunUuvesgnlarivesulumitihmvieii Tve $11u67
5 d. ar L d‘ o ar v 2
voagniamanuanwu 5,202 arede msildsunlasvessiiauazaSunagmlarivseuluua

i 4 ] g .4 o o r 4 {

aziRouUNd1329 (13199 3.8) WU withasnuiisusiatazsuudigaigalumie
[ A a o [ 24 A o -~ 3
92 A7 100 A151NAT TAsgegaluReudimauludwmudeundissluggluniegan
MAINUTIUIUYIUA 46 FUA 149 A26AD 100 MINUUAT UAZTIUIUFTAUAZANUHUMUULBS

° o a A 9 b4 a1 o a 9 a o a
VIUIUAINNLISAAQUNDIVIFFIDU TﬂUWlJllﬂ'lil’lu’JU‘lfuﬂUE)Uﬂ’qﬂ 31UIU 20 ¥UA 111

@ 9y o 3 o 1
Lﬁaummuu ua::ﬂ?u1mgﬂ'1Januaauwuuauqﬁ'lunﬁauﬁu'nﬂ:u U 75 AIRD 100 AT

o -~ o v d' Y 9 é = ' an
%112 5] mu‘numaumi'Jﬂmi'mﬂauqumnquumqq@um llli’)llEU‘UL‘VlU’Uﬂ'l‘n’Nﬁﬂﬂ 11PNV
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ymMMBYDIriALIzA MM IINAvesgmiaiseusEn MuReRTid13 198
withaansu wud swausiiadianuuanaedieiiiedignadin (F = 5.64, P < 0.001)
LAZAINNU MUY (A2AD 100 M131AT) TUTAMULANANNIIADA 1oz (F = 0.92, P = 0.48)
@1RMANLING A.12 1Az A.13) udasaiBnInavesggmIsAemsnusinnnntsd1sde iy
withaans

wihbyanusnnusinnniigaludsuamausaengiu $1au 35 iia
ANUAUMUUYDITIUIUAIGIZA TURDUTINIAY TIUIU 92 AIAB 100 AITIUNAT LATAIIY
wumiuvess TR oaaeaRatliiniy 62 @are 100 MItewAs waziiieidgaedou
Susiianazanumuiuvessauafinuanns Faldnyuzildounladll i
Aorrufuhhaans iy (M13199 3.8) TaolwiAeuiiguiou wusmau 16 ¥iia uaziSuiugn
A Suseunulosgasuan 25 fame 100 msruwas Tudeusumay denfomfsudma
adammmainauvessiianufvesgnilarissousznaeuiidisavveaithya nuh

TMUFUATANVUANA DI NINBFIRYN TR (F = 5.69, P < 0.002) (M15WNIANUINT

]
S o ’

f.14) LAZANUM UMY (AI90 100 A1519IWAT) Yoegnilarsznaudeuidrsds wuan Tl
ANMUUANANINNEDA (F = 1.85, P = 0.15) (A5 19MPANUINT A.15) uaadalidnsnavesgants

1 a [ ' g
ADATINUBUANINAITAT 'Jﬂiultilﬂ'lﬁﬂﬂ‘i 1

M3191 3.8 $MIUBA LazANRYNFUYBIgNIa1TuBsU (AIRB100 AITINNAT) ANUYANID
2 : ¥ ' ¥ ' 24
drsnluarvuuih lvsaouats dssneudrsuuiriya widigenswuazuim

drsnsznuRoudaniay 2552 DuABULIgUIBY 2553

- . i
1ABUIT N gana ;
ya 29ATIU M

aamInY 2552 naHu 92(30)  149(46)  66(27)
AMAN 2552 naHu 79(35)  116(44)  36(20)
FUNAN 2552 wiouge’  2509) 54(30)  19(19)
AUAIUS 2553 gadou 45(29)  58(22)  36(16)
1YY 2553 930U 45(17)  750)  40(14)
nguIey 2553 Wasugy®  89(16) 97(30)  42(19)
mAss s (wile) 62 (64) 92(83)  40(47)

= ’ = 2
winema : 1lasugg' Aesruldougeruilugeiou
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uldsugg’ Aesranldouggiowiiugasiu

wihmwusiusiauazaunuiuma 40 /270 100 A1S1UAS
uagegalupsudaniny aumuasud1sv Tugeggru $1u9u 27 wia uazaumuniy
YDITIUIURT 66 F2AD 100 A1319UAT (13197 3.8) el oufouaIniaada A
nannmsveriauazanumu IS IIuFvesgniar fuseuszn adeuTid1sae Wt
snousiistuiuasanumuiniu lassus ilanuuanmaneada (F = 125, P = 031)
Az (F = 0.53, P = 0.75) U8 1d (A3 NAARUINT 9.16 1z 7.17) naasia llisninaves
ganTABMsALTHAAEAIIIMI LTI 13 i

lfiauﬁumﬁuuﬁmnaﬁﬁ IUIUFUATZ AN (cumulative species richness)
LAESIUAIAEAY (cumulative abundance) 3¥MNuABURFIT VR mII Wy 1o
siiawuguaza Uiy lassuiuaa Innuuanasesniiodngneada = 3.71,
P <0.01) 4ag (F=5.14, P< 0.01) AWa1AU (msnmﬂwmnﬁ f.18 Las n.19)

3.6.3 Ma¥ihisanuMmIMEIEMIT IRz IInATNEvBIITENIY

= e dd‘ 9 d” a = U
ﬂ'liﬂizliluﬂ'lﬂifuﬂﬁl‘lfll\ﬁfﬂ’l'm'ﬂI’l'lf’l‘Hﬁ'IU‘VI'N‘lf’Jﬂ'I‘Wlli’l:ﬂl’]ﬂ’]ﬂﬂ'ﬁlﬂﬂ

y ¥
o ar

4
] a v ¥ [ °
Unaai vseamwneinAveIuranitiulsznouAIY A¥TAINYNYY MIAIINAIITNS
Y a o d . . . g
YOI Margalef Index uazmmfﬁmmﬂmnwmwawuﬂwug (diversity index) AUINAINTD
W38AIgEAYBI Shannon-Weiner Diversity Index HaztiansiuialdunifSouiionsening
' 3 ' 3 ' 3 ' 3 v ¥ oL y 1w
wihevusith Tvadsgneudlouithasnsw withya uazuuim Iswazidvauaazaayil
hd ‘dy
i
| A o oA a . . Ao oA
3.63.1 AFUANUYNYY MIOATHAMUNINGIA (richness index) UAIAYH
H ' g 1 o L] : ' o
anugnyunasgigalumiidns iy 6.87+1.9200 amnndsuiinanasiinnugn
i vy e ' @ i o ' o 4 '
FUIRDY 5.78+1.75 LazNMUAMATUANUFNFUIRALA AN 5.02+1.05 uaziiloniianiu
] o Y T 1 ' g a ] %‘ ’
s lumsinudistwun Tumsihawmumasudmag (eggiunssggimain) iim
r o L] .g 1] g =9 1] i
A¥HANUYNYN Fagamny 8.99 uazsawgaluwitya ludeuliguiou ($r1afdsuningg

udalggeru) iauminu 3.34 (3190 3.9)
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131971 3.9 AIAFUAIIWWINTTIA (richness index) HAZATTANURAINHAWVDIFTIANUD

v g ¢ %’ 4 g ; o
(diversity index) mqumamsn‘luuumga LUUIAIATIUULDSHUUINT 71509

FTHNURDUTIMIAY 2552 DAUABUTIQUITY 2553

s . Richness Index Diversity Index
IADUTITID R T
ya AT 112 ya aININ 1l
aavinay 2552 6.42 8.99 6.21 2.85 2.36 1.55
ADIAY 2552 7.78 9.04 5.31 2.48 1.43 1.69
$UAY 2552 5.59 7.27 6.08 2.20 2.21 1.60
AUAIRUS 2553 7.35 5.17 4.17 227 2.12 1.25
WHI0U 2553 420 4.41 3.53 2.36 1.39 1.17
guILU 2553 3.34 6.34 4.80 1.04 1.79 2.17
AR 5.78+1.75 6.87+1.92 5.02+1.05 220+0.61 1.88+0.41 1.5740.35

3.6.3.2 ABIAMUNAINWUTHS 0ABTIANUNAINNAIWYBIFTIAWUY (diversity
index)  DmdaiinMunaIniuRndogagaluniiyaniiy 2.2040.61 0 amwidaouith
gansmAsiaNuMaINIUTIRGY 1.88:0.41 nazihhmimdsinmumaniuiindesige
whiy 1572035 naztiieuamugaana lunmsiudaetmui Tumiiya ludeudamnman
($29gdunieggimain) Samumainiuigagamiiy 2.8suazmmgalunitina u
AouNoy ($299gud9) Swiiy 1.17 (319 3.9)

3.6.4 mynzungugnmlariusey

M39ANAUAIINAZIBAAIUBIZNUAIAINANUUANAINIDITNINIIAG DY
luudaariinozggniafidissdng Tasldeyatindidesnudgmlnluudazyadisas
vesuAnziahh LaznnRans Tz mssangquauadindavesgmlariveou TauTs Seif-
Organizing Map (SOM) mmmi‘fﬂntjngnﬂmﬁwu“lmwiamﬁt?ﬁ'mmzqgmaﬁt?ﬁn'lﬁ'
ag13Fanuilu 5 g (Cluster) 11A1 Final quantization error 19101 2.919  1tAZ A Final
topographic error IM1AU  0.000 uazsﬁa?zmwﬁf&hmmﬁammuﬂm{uszwa'nntjmm
Uszaugnuaniiuis1d uas#an133ins1zH Analysis of similarities (ANOSIM) Wy TiAa1
uﬂﬂﬁhxﬁz‘ﬂ’hxiﬂfjlﬁlﬂxiﬂi%‘lﬂﬂﬁ@ﬂﬂaWii 5 NQu 8d1IIdIRYN1NAEA (P < 0.001) (31

nd. a ’ :’l . 9 nd' Qs d’
MARUINY f.1) SwaziBuanguilsssnuvesgnlamns 5 nauszneunie (MW 3.6) A3l
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PN NN

SK-Dec 2009

1 NM-Oct 2009
SK-Aug 2009

SK-Feb 2010
SK-Apr 2010

111 v 1 11 I\

o NM-Dec 2009 v 18k
NM-Apr 2010)
/’ ~ ns |
5-Dee 200
oI NG-Out 2009 | NG-Jim 2010 | NG-Feb 2010 | NM-Feb 2010 A
A or M v
~. . \ PZaN

4% 31015 1M 213 14 2 % 7 & 131 1217 1k
Cell of SOM

HMN 3.6 NM3TANUAIUAIBATAIYIgnilat (Cluster) 1nu75 Self-Organizing Map (SOM)
' [ %,’ [ [ %,’
yosaolidrsaazgganisn Tuavimivh Tvsasuais dsznreudromiiya

v ¥ ¥ v a o
LUUIEIATILASHLUYINT 53“31QLﬁBUﬁQH1ﬂU 2552 ﬁmquwu 2553

! o 4 ° 9 ] 3
M990 3.10 wndevazesdilszneuveadisanazgamadisinluudazngu (Cluster)

3 ' 3 '3 o
mﬂmﬁmmﬂmmmga LUUIIATIMLAS LU

AE1329/qgMa Cluster

1(%) M%) (%) V(%) V(%)
I.Lijl%l:ul"ﬁ (MN) 1(33.33) 0(00.00)  0(00.00) 0(00.00)  5(100)
wivharans (SK) 2(66.67) 3(100)  0(00.00) 1(100)  0(00.00)
ulilf1f%1 (NG) 0(00.00) 0(00.00) 6(100) 0(00.00) 0(00.00)
quu (Aug-Oct) 2(66.67) 0(00) 2(33.33) 1(100) 1(20.00)
wasugg' (Dec) 1(33.33) 0(00) 1(16.67) 0(00) 1(20.00)
qg%’au (Feb-Apr) 0(00) 2(66.67) 2(33.33) 0(00) 2(40.00)
wasugg’ (un) 0(00)  1(33.33) 1(16.67) 0(00) 1(20.00)
Total of survey unit 3 3 6 1 5

= 1 s A a Y
e : 1Wlaougg Aexruasuggauiiuggiou

ulaoung’ fetranfdoungieutiugadu

Cluster I Ysznoualu 3 nited159e Taontisedisndulngedlugadisn

[ %‘ Y ' - a & g ' %‘ 3
1“&!““’]?[\1?]5’]“50{1?13 66.67 lla&'1“%3\1[@]6“ﬁ\iﬂ'lﬂlllla&'ﬂa’lﬂll‘]ﬁlﬂu%')ﬂq@lu'lﬂa'lﬂiﬂﬂﬁz
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66.67 ¥BITUAUNUIWH1379 (M13195 3.10) HaUAAIA13BUAL probability of occurrence
(%0P) vosxtiagnilanlungu @1eq (fish guild) lu Cluster Usznouais nquilavindovas
208 nguilaumiesas 254 uaznguilaimiesas 143 gnlartiaugega 5 SRuusn
‘lunejui’: 18un 121391210 (Radu 0.78) Ua1Fuda (Clae 0.69) Ua1FIm19uas (Rabo 0.65)

aaziiounas (Baal 0.63) uazi/auduiiouts (Crat 0.62) (MW 3.7)

Cluster 1

501 * OP of white fish = 20.8 (£ 15.1)

% OP of grey fish =254 (£226)

20 % OP of black fish = 143 (£ 14.0)

Pvalue=0074

50

407

Relative abundance percentage

30

201

T T

2
[

Hesi -1

Acch
Ormy

Yae

3

Ratr
Hadi
Mafn

8

Bego ~{
Basc |
Mysc
Xoca |
Sums
Tecs
Hali

Amch

Crat —
Acsp -
Pests |

—
3
@

Radu |
Rabo —{

Prin
Osli

3
G

M 3.7 pentlsenousiiauaza probability of occurrence (%OP) vpauAnznguilal
(white fish, grey fish, black fish) ttazwamsilSouMeunaadaszrenguilad

1u Cluster I

' ° [ v v v ¥
Cluster 11 Us5znaualo 3 miwd1599 Tagmiaodrsrediulngegluwi
14 1 A o o A 2 g » [ 9
aan3WI00ag 100 TurInABUNUAMUT LaziRBULYIoU FuTlusrgaioudeuns 66.67 ¥es
TUM§1599 (A15199 3.10) LA UEAIN1300AL probability of occurrence (%OP) UBIF1IA
g ' . [ ] LY} [
gnimlungquanes) (fish guild) Tu Cluster 1 lsznaudle nquilmuniesas 14.2 nquilaum
1 4

fovaz 166 uaznguilaidiiesas 11.9 gnilawiiaeugega 5 Srduusnlunguil 1Taun
Ua1duda (Clae 0.68) Yanszguyn (Hadi 0.51) UarFmiauas (Rabo 0.51) Yamuiumas

(Myec 0.50) tazt)awdlund (Pasia 0.48) (0N 3.8)
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Cluster I1

w0 % OP of white fish = 142 (£ 125)

% OP of grey fish = 16.6 (1 16.3)

60 *% OP of black fish = 119 (£ 8.5)

Paalve =039
50

Relative abundance percentage

10
r— r v ¢t +t 1T t ¢ 11— V¢ ¢ T T ¥ ¥ [ 1 1 T Tt T T T ¥ T ¥ T T T
2 3 5% 3 3z 8 g ¢ g H B2 E E £ 8§ 3 5z¢ %
6:2:‘?51.:§<&x§§05955369§3§&<:‘.20E

4 o o * 3 v
AN 3.8 BaflsznouiaLAzAT probability of occurrence (%OP) yauAazngulal
(white fish, grey fish, black fish) WaznamsifFoumeunsanaszrIenguilal

Tu Cluster I1

Cluster 111

70 % OP of white fish =50 (£ 7.1)°

% OP of grey fish = 13.0 it 17.1)°
601
*, OP of black fish = 108 CE 12.1)*

P-value = 0.042

407

30

Relative abundlance percentage

20

10
1T 17 1T T ¥ T T ¥ 71T T T F T 17 T ¥ ¢ T 1T 1T T ¥ T 1T 1
9 e @ 5 o & o - g s £ B o g = g
3 = a £ g g ] e § 2 & 2 ] 5 8
xGEEmiéak:‘E:i&sz§3<.:58£§§°3£;§5

H o a 3 J J
2N 3.9 snilszneusiauasa probability of occurrence (%OP) ﬂuauma::ﬂquﬂm
(white fish, grey fish, black fish) azwamsnfseumeunadasznIenguilan

Tu Cluster 111
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Cluster TIT Y5znoud20 6 miwd1599 Tasmissdsasdulngeglumidh
M¥euaz 100 lusrudeudistemen IndiRsadu (1519 3.10) nazuansmYesas probability
of occurrence (%OP) veIrAgnUa1lungua1q (fish guild) 1u Cluster 11 1sznoudIY
nguiavidesas 5.0 nguilaumiesas 13.0 waznguilmidievaz 10.8 gnimriiamu
qga 5 ﬁm"uusn“lunzjuf: TAun Ua1FIm1auas (Rabo 0.63) Ya13uA72 (Clae 0.61) Uawdlu-
1A (Pasia 0.60) Yan3ud (Trpu 0.53) ozl N5z gUYA (Hadi 0.45) (MWl 3.9)

Cluster IV 1l5zneuda 1 miavdsas lumiiaens deunatay Fuiu
F2999HU (13197 3.10) wozuaneA13BYAZ probability of occurrence (%OP) Voewiingnilanu
NQUAINY (fish guild) Tu Cluster VI 1lszaeudle nquilatwidesas 334 nguilaum3esas
18.5 uaznguilaimiovas 6.4 gnilmsiiaiaugega s Srduusnlungui 18ud Yandhasen
(Sume 0.70) Ya1Fuda (Clae 0.61) Ya151nnd20 (Acsp 0.58) Ua1FIm1911aa (Rabo 0.51)

Yamuumads (Myec 0.58) uaztanihuui (Pasia 0.56) (MM 3.10)

Cluster IV

%5 OP of white fish = 33.4 (£ 172)*
80| R
* OP of grey fish = 183 (£ 18.3)

=04 0P of black fish = 6.4 (£ 43)

60 BB

S0+

20+

P-valoe=62x 10°

Relative abundance percentage

Seme
Nep!
Lesi —

T
2
@

Osms |
Acd —
Pasi

Bema
Crob —
Pama —
Teth
Tyth
Ammi

Cyen —
Yals
Scbe —
Rabo ~
Crat —
Heli —~

T
$
[

Sume —
Clae —
Acsp |
Myec
Pasia -]
Radu —
Amtr —
Yamo |
Myat
Sigu -

4 4 a v ¥ )
MNN 3.10 B3R1)sznoUTAIAZA probability of occurrence (%OP) yaaaznguilad
(white fish, grey fish, black fish) uazwan1sufSemnsunadasznInguila

1u Cluster IV
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1 ° ' ° » ' ] ] ,o’
Cluster V 1l5znouaan 5 midwd1599 TaoniaodisivduIngiegluwin
¥ ’ v oA w S& Y = vy
yajeovaz 40 Tugn lugudeunumwus suilugiagaieu (13199 3.10) vazuaamiosny
probability of occurrence (%OP) ‘llﬂﬂ‘liﬁﬂgﬂﬂ a1lu ﬂfjllﬁi’lxi"] (fish guild) 14 Cluster v
lsznoudls nguilanaievas 8.9 nquilaunidevas 14.3 naznguilaidilevaz 8.0 gnilan
a J o o v d” Y a a 1 4

simaugIgn s Mauusnlunguil laun 1arFmiauas (Rabo 0.56) a1duia (Clae 0.47)

Uawiluudy (Pasia 0.37) Yar¥1nn0 (Radu 0.37) uaztanseguya (Hadi 0.29) (Mwh 3.11)

Cluster V
ool % OP of white fish = 8.9 (+ 6.6)°
% OP of grey fish = 14.3 (£ 13.0)*
S0 i % OP of black fish = 8.0 (1 7.6)°
P-value = 0.022
o

Relative abundance percentage

30

20
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M INQUATIYD I

o dé
4.5 MIUATITHVBR

@

a s = J a oo '
'Jlﬂi13T"l‘Uﬂi;l.auﬁU‘UlﬂU‘Uﬂ'ﬂnuﬂﬂﬂ‘N‘ﬂuﬂﬂlQQﬂi&"lﬂﬂiﬂa’lﬂﬂ‘li')ﬂﬂ‘l]izﬂ?'l\iﬂﬂ

] A P ° ' v g e o b= ' @ d’
1779 UDSIADUNTTIV SN INUUUINANHIANUIUAIYITNMTUAS FATANG AIY

° o é ’ .
45.1 Swunviianazavesilm muﬂﬁa‘um Rainboth (1996)ua% Kottelat (2001)
@ o @ A J a w o 4 ° ar ' .
HuI A2 e IANUENguuRazsianugilar niummsaatonnguilal (fish guilds)
o a Y a . . b4 '
AANEULNGANTITU TUN1IONING DU (migratory behavior) 152NBUAI 3 NYN Poulsen
(2002)

o’

45.1.1 nqualand (black fish) ngui lufimsewonwdeduNentswarunwy
»

=D. aha

v a 9 A o A = v A a A
’J'NVI.GU llﬂa'lﬂufniﬂ'lﬂﬂu1“50U3ulw0ﬂ15“101ﬂ15 Llﬁﬂuizﬂzwnylllylﬂaﬂ‘mﬂaﬂ‘m’li’lmwu
4 = w AN g = r ] %’ o 1 ar = :"
SHINNDIAUAD YTUDIUT 1N ﬂ‘lJulluTVli’)gﬂﬂﬂ‘Uﬂum‘UQuu

o

45.1.1.2 nguia1917 (white fish) NGuALMsoWINIILDUNDNISHANRUY
v g a Yy = ' ' 3 & rva
Ml dluszoznislnasiviluszoznmianarsiesn lawas senaannuihaiviviagen
' 3 <) =4 v ¥ oa =
w1 wazilumsenonauggmaiealansafed luseut

[ 4

45.1.1.3 naudaum (grey fish) nquiiinisewondwtumemsHauwug

»
°

' oA & 14 [] ) L] ] z [ 1]
310111?150&7!0?1161?115 umlszuzma'lu'lnamnamﬂuszuzszﬁ'mmnuumnuﬂmuum
oy \ 5 = = ' o
LLaznﬁumsawuwmuqgmammuﬂﬂiqmuﬂuiauﬂwunu
d v [y
4.52 ATILHNBY- HAIIASUNANIENY (before-after control-impact” quasi-
a 4
experimental sampling analysis; BACI) 1o ANTIEN “randomized intervention analysis”
@ {2 @ ¥ v oo a o o3 . .
RIA) Tastiaanlsnanui 2 aaunls 1aun sustiadani (species richness) 1AM
' o o3 A o ' < & 4 L 4
RUULUUUBITAIUN (fish abundance) INBANHIANULANAIURDAYTLH IRAUNAIUAY HDSAHUN
Yo Y 4 ' ' ' o o
1ﬂiUNﬁﬂi$V]Uﬂﬂﬂ’JllﬂiﬁﬁﬂH1 mmumnmasz‘n'naneuuazﬁaaﬁ%zﬁmmmmwa
. . [ aa ' a o
(Bried and Ervin, 2011) RIA Lﬂuﬁnmmmmuﬂnmm?aﬂizmummmmnanizwunmmz
o o v o d by rg o a g1 » v
mﬂummumnmamﬂu'lﬂ'lmmwu‘nmuqn NIIAATISHAUDSUTAINANNIUUANAINIIINAN

P-value (Edgington and Onghena 2007; Bried and Ervin, 2011; Mullowney et al, 2012)
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<4 9 gl w A o . a o o %’
Tumsenuinaasuanulslsiuvesdeyans 2 aauls Assmusiadadin
. . ¢ o o g v » .
(species richness) LLAZANUHUUIUUUYBIAAIUL (fish abundance) “lulmaznqn (fish guild)
' &’ o &’ o Yar :’, :{ = a (g ° a Jd
sz RuNnIUAN waziu Idsunansznunsaill imsainsiziasuausenlumsinsizi
o S J . . . - .
A1UIU 999 59U NITUATIEH before—after controimpact™ quasi-experimental sampling analysis;
BACI lauldsunsu R Program (R Development Core Team, 2012) Iﬂﬂﬁ'ﬁlu1ﬁ1ﬁ\1ﬂ§ﬁami
o [ a 4 o.: @

(seripts for RIA) @ M5UMISAUNTITH RIA tazmsuaainm lasumswaiun llsunsulae
o a I'4 a Y
F0IFNAATINITI AT, NIUNBI INUNA  7IAIFNTLUI AMSINYATAAAT UHI1INVIRY
Q‘Uﬁﬂ‘lfmﬁ 1182 Dr. Michio Fukushima, National Institute of Environmental Studies (NIES)

Usznagilu

4.6 HAMIANY

HAN13ANYINANIZNU BT UADAITONONYBIA1A19 Fausienguilaiaiy

=S

@ a Yy A v Ao ' ' ° ' &
ANYUSVBINGANTIUNITENENG1WDY Atife nquila1v1d naulardr nquiaunt Tunu
' 3 3 '3 a ' 3 & A 4 ' 3 ) A 4
arveunii1 lwaneuan 2 wii Aswiiiadns wiluNunaIUg uazwiiyaunuy
Vo 'y oA a a & 2 ' ' Vo
T85unanseny ssuiaReudamay fudeunainy 2552 Suilugrneuldsunanszny uaz
’ a a U [ o o
Tusgnhadeusunaw 2552 dadeuliguiou 2553 iilusrmadldsunanszny pmsiny
s ' v A = S A = = a n:
AIBUNITHINIABUAINIAY DUABUANIAN UNANMSANYT A
e o o
4.6.1 ANUNDINKNVVRINUFTA NN
o { o 5 Y =3 v o
14U 1M d1399MINUA 29,646 A1 124 FiiA 71 NQY (Genera) 310 25 WA
. o 4 { 3 [ 4 ' [ 4
(Family) 51002100a%AN M uAnaAI luA13199 4.3 aAnurainnaisluuaazed Wy 29e
. . { a Q) @ v ° a :
anzifiou (Cyprinidae)  wINiga 63 Fiin 1ludadiudovas 71.66 voaTuIUTLHATINY
o e . a o e ¥ P
so9aaundumlaIny (Cobitidae) 7 ¥ia 1ludaaiuiavas 1.91 uazndAlarans
. a =1 @ 1 a
(Pangasiidae) 7 ¥iin Wludadiudovaz 0.57 vesriianny
a ¢ : 4 9 ' ' g
ANUNAINKaIwYeIFlalamena i ndg1599 Wy uitens
a a t 4 ’ v
lianunainnasvesstinllaigega 112 ¥ia 64 ngu 23 297 lunaaziedmud aeflan
= e < a o @ ¥ ° a A
£INUY (Cyprinidae) MNNga 58 $iin Wudadiudasaz 51.79 ¥LINUIUFUANNY 5030301
o d . a o YA d .
1luaserilaIny (Cobitidae) 7 wiin 1ludadiudovay 6.25 uaz29f1la1a210 (Pangasiidae)
a o w £ 4 a 4 v 3 o o 4 a
6 ¥ila 1ludadiuiosas 536 vessiafwy miianuwugiamianua 93 ¥iia 24 2ad

. J o J o = .. o a w
(Family) Tuuaazaef wudi 2sflaragifion (Cyprinidae) Mnhiga 48 siia Hudadiuiosay
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I3 a a4 3 4 .. =3 I~ a 3/
49.48 oI UFUANNY 3990901 U2AYIMY (Cobitidae) 7 ¥iia 1Mudadiuiovaz 7.22

= o w a 3
wazeAaruvss (Bagridae) 5 ¥uA udadiudooas 5.15 vesxtiafiny

s3 A ?

. b 4 N z . . T o
MINN 4.3 Fila Suua2 wasihmindaiidino luwithya (mpact site) uazusivirans
(control site) 1INNIT1TIA0IA5 8900 IHA Az IUN AR SEH AU

fannu 2552 DaReuliguiou 2553

A FamilyAeImmmani nau withaens mhiwa S Amd
Yo peufuy  wd¥y  deudy  wmdau M ANuEM
HANIZNL HANISNY HANISND  HINIZNY
Family Notopteridae
1 Chitala blanci (Aubenton,]965) WF v 0 o 0 2 51-61
2 C. omata(Gray, 1831) GF v v v o 12 103-740
3 Notopterus notopterus (Pallas,1780) WF 0 v v v 64  70-312
Family Clupeidae
4 Clupeichthys aesarnensis Wongratana, 1983  GF v v v v 609 22-48
5  Tenualosa thibaudeaui (Durand,1940) WF v v o v 14 95-225
Family Engraulidae
6 Setipinna melanochir (Bleeker,1849) WF o [ v o 16 83-104
Family Cyprinidae
7 Paralaubuca barroni (Fowler,1934) GF v v o o 42 39-120
8  P. typus Bleeker, 1865 GF o v v v 742 63-139
9  P. maculicauda (Smith,1934) GF 0 v v v 64  25-123
10 P. siamensis (Giinther, 1868) GF v v v v 198 31-107
11 Raiamas guttatus (Day,1869) WF v v v v 28 57-137
12 Opsarius koratensis (Smith,1931) GF o v v o 9 55-92
13 O. pulchellus (Smith,1931) GF o v o o 6 95115
14 Esomus metallicus Ahl, 1924 GF v v 0 o 18 35-59
15 Leptobarbus hoeveni bleeker,1851 GF v v ° v 11 63-185
16  Luciosoma bleekeri Steindachner, 1878 WF o v [ [ 4 60-90
17 Rasbora palustris Smith,1945 GF v o o v 8  47-67
18 R borapetensis Smith,1934 GF v v v v 552 15-75
19 R daniconius (Hamilton, 1822) GF v v o v 82 308l
20 R dusonensis (Bleeker,1851) GF v 4 v v 3,881  18-122
21 R tornieri Ahl, 1922 GF o 0 o v 11 56-95
22 R trilineata Steindachner,1870 GF v v o v 236 21-87
23 Cyprinus carpio Linnaeus,1758 WF v v o v 10 55-657
24 Probarbus jullieni Sauvage,1880 WF v o o o 13 86-267




95

4 = o o H @ o &5 4 v ¥ . . v ¥
MINMN 4.3 $ia s wazhmindanhnnuluiiinge (impact site) taziaiians iy

(control site) MINMIT159820193 838 THR WAz DN VAR e AU

Favaw 2552 DuAouligUITU 2553 (AD)

A Familydonnmmans nadu wiihgans wiina U A
dar  geuSy wddsy  fewSy  wdsw 1 AN
HANITNY  HANIEMU HANSEINMNY Haniosny
25  Amblyrhynchichthys truncatus
WF o o o v 3 108173
(Bleeker, 1850)
26  Cyclocheilichthys apogon
GF v v o ° 6 91-107
(Valenciennes,1842)
27 C. armatus (Valenciennes,1842) GF v v v v 150 36-140
28  C. enoplos (Blecker,1850) WF v v v v 314 35-256
29  Discherodontus ashmeadi Fowler,1937 WF 4 o o o 1 102
30  Mystacoleucus atridorsalis Fowler,1937 WF v 4 4 v 386  20-87
31 M. marginatus (Valenciennes,1842) WF 4 4 o o 3 54-80
32 Puntioplites falcifer Smith,1929 WF 4 4 4 v 113 43-257
33 P. proctozysron (Bleeker,1865) WF v v v v 93 71-414
34 Sikukia gudgeri (Smith,1934) WF v v 0 v 734 40-162
35  Barbonymus altus (Giinther,1868) GF 4 4 v v 371 27227
36  B. gonionotus (Bleeker,1850) WF v v 4 v 1,335  47-525
37  B. schwanefeldi (Bleeker,1853) GF o v v o 10 50-101
38  Hypophthalmichthys molittrix WF 6 144-184
(o] o [s] \/
(Valenciennes, 1844)
39 Hypsibarbus malcolmi (Smith,1945) WF ° v ° v 6 103-125
40  H. pierrei (Sauvage,1880) WF v v o o 10  64-170
41  H. wetmorei (Smith,1931) WF 4 v o v 99  64-227
42 Scaphognathops bandanensis WF o 4 o v 341 65290
(Boonyaratpalin & Srirungroj, 1971)
43 Hampala dispar Smith,1934 GF v v v v 1,157 31-490
44 H. macrolepidota (Valenciennes,1842) GF 4 4 4 v 142 30-378
45 Puntius brevis (Bleeker,1860) GF v v v v 386 34116
46  P. aurotaeniatus (Tirant,1885) GF o v o o I 65
47 P. orphoides (Valenciennes,1842) GF v v v 0 88 73-19
48 P. partipentazona (Fowler,1934) GF v 4 v v 57 2557
49 P. rhombeus Kottelat,2000 GF ° o v 0 9 4252
50  Cirrhinus jullieni (Sauvage,1878) WF o o v v 41 82-132
51 Thynnichthys thynnoides (Bleeker,1852) WF v v v v 147 48-147
52 Labiobarbus lineata (Sauvage,1878) GF 4 4 v 4 2,177 25-190
53 L. spilopleura (Sauvage, 1881) WF 0 v 0 0 4 128-140
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4 a o o Y} o o 22 v 3 . . ' 3
ﬂ]i]ﬂ‘ﬁ 4.3 FUA IUIUAD uazumunﬁmmﬁwﬂumega (impact site) LASUUUIAINT Y

(control site) INMIF15A201AT 89108 THR WAz IR UARS SeH AU

damaw 2552 faReuliguiou 2553 (Ae)

7 FamiySemmmani ngu whirgans mhima dm e
Y deuSy  wddlw  newSy  wddsy A1 ANuEn
HANIZND  HEBNISND HANENY Hansend
54 L. leptocheilus (Valenciennes, 1842) WF v v o o 46 3580
55  Barbichthys laevis (Valenciennes, 1842) GF v v o o 32 94-125
56  Henicorhynchus lobatus Smith,1945 WF v v v v 111 45128
57  H. omatipinnis (Roberts,1997) BF v v v v 305 41-146
58  H. siamensis (de Beaufort,1927) WF v v v v 1,105 36-121
59 Labeo dyocheilus (McClelland,1839) WF ) v v o 18 92-116
60  Morulius chrysophekadion (Bleeker,1850) ~ WF v v v v 81 31234
61  Osteochilus hasselti (Valenciennes,1842) WF 4 v v v 2,377 34204
62  O. lini Fowler,1935 GF 4 v v v 1,181 34181
63 0. melanopleura (Bleeker,1852) WF 4 v v v 32 35-182
64  O.microcephalus (Valenciennes,1842) GF v v v v 1,155  35-130
65  Cosmochilus harmandi Sauvage, 1878 WF v v o o 31 250-750
66  C. atrilimes Kottelat,2000 GF o v 0 v 49  40-87
67  C. oblogus (Valenciennes,1842) GF v v v v 405 30-107
68  C. reticulatus (Fowler,1934) GF v v v v 291 22-124
69  Epalzeorhynchos munense (Smith,1934) GF v v v v 328 44-127
Family Cobitidae
70  Acanthopsis choirorhynchos (Bleeker,1854)  GF v v v v 278 60-159
71 A. digiuzona Van Hasselt, 1823 WF ° v 0 v 363 54-149
72 Yasuhikotakia eos (Taki, 1972) GF v v o v 16 51-124
73 Y. lecontei (Fowler, 1937) GF ) v v o 13 2435
74 Y. modesta (Bleeker, 1865) WF o v o v 5 5892
75 Y. morleti (Tirant, 1885) GF v v o v 6  70-132
76 Syncrossus helodes (Sauvage, 1876) GF v v v v 30 35-138
Family Bagridae
71 Bagrichthys macropterus (Blecker, 1854) GF o v ° v 10 125225
78  Hemibagrus nemurus (Valenciennes,1840)  GF v v o v 196 35285
79  Mpystus singaringan (Bleeker,1846) BF v v o v 25 41-142
80 M. multiradiatus Roberts, 1992 BF o v v o 6 103-128
81 M. mysticetus Roberts,1992 BF v v v v 121 62-137
Family Siluridae
82  Kryptopterus cheveyi Durand,1940 WF v ° ° ° 5 80-105
83 K. cryptopterus (Bleeker,1851) WF v o v 57 42-105
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] 2,’ . . ] %,’
'luuuuma (impact site) LASUBUITINTIY

= Q2 A = ]
AINIAY 2552 DURBULYUIBY 2553 (AD)

i Familydemmmani ngu wihasns whiya Snu A
ot geusy wadly  neudy wday Al ANNEM
HBNITNY  HANIENY  HANITNY  HanITND
84  Phalacronotus apogon (Bleeker, 1851) WF o o v o 26 346-734
85  P. bleekeri (Giinther, 1864) WF v o o o 85  73-182
86  Ompok siluroides Lacepéde, 1803 BF ) 0 v v 6 101-185
Family Schilbeidae
87  Laides hexanema (Bleeker, 1852) GF o v o o 1 115
Family Pangasiidae
88  Helicophagus leptorhynchus Ng & WF v v o o
53 45-128
Kottelat, 2000
89  H. waandersii Bleeker, 1958 WF v 0 0 o 13 78147
90  Pangasius hypophthalmus (Sauvage, 1878)  WF v o o o 11 35-128
91  P. conchophilus Roberts &
WF v v 0 0 21 226-337
Vidthayanon, 1991
92 P. larnaudii Bocourt, 1866 WF v o o o 3 618-650
93 P. macronema Bleeker, 1851 WF v v o o 106 53-107
94 Pseudolais pleurotaenia (Sauvage, 1878) GF o 0 0 v 1 88
Family Clariidae
95  Clarias batrachus (Linnaeus,1758) BF o v v v 46 107-285
96  C. macrocephalus Ginther,1864 BF v o o v 10 132-285
97  C. macrocephalus x C. gariepinus BF o v v v 103 89-295
Family Belonidae
98  Xenentodon cancila (Hamilton,1822) GF v v v v 490 65247
Family Hemiramphidae
99 Dermogenys siamensis Fowler,1934 GF o v o v 13 40-50
Family Synbranchidae
100 Monopterus albus (Zuiew,1793) BF v v o v 89  138-541
Family Mastacembelidae
10} Macrognathus circumcinctus (Hora,1924) BF o v v v 27 37-160
102 M. siamensis (Ginther,1861) BF v v v v 5713 52-233
103 M. armatus (Lacepéde, 1800) BF v v o v 29 43-355
104 M. favus Hora,1923 BF v v o o 5 156-280
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4 a o s 4 v o % a ' ¥ . . ) g
ﬂ‘lﬁ‘l\iﬁ 4.3 FUA UIUAD lla:u'IWUﬂﬂﬁ'Ju'lﬁWUt‘luunu“;‘la (impact site) LAZUUUITIATIY

(control site) 91NN A1598201A3 09310 T Az o IUTUADY SeM1uADY

Famaw 2552 Dudeuliguisu 2553 (#0)

=),

Family/4o3nmmans N wihaans u:hiu.ga S Amde
dmr fewdy wdwWu  dewSy  wdlu M M
HANITNY  HANEIENY HANISNY  Hanisny

Family Ambassidae

105  Parambassis siamensis (Fowler,1937) GF v v v v 1,432 20-57
Family Toxotidae

106  Toxotes chatareus (Hamilton,1822) GF v v v v 78 38-115
Family Nandidae

107 Nandus nandus (Hamilton, 1822) BF o v o v 7 8084

108  Pristolepis fasciata (Bleeker,1851) BF v v v v 365 20-196
Family Cichlidae

109  Oreockromis niloticus (Linnaeus,1757) BF v v o v 17 81-228
Family Eleotridae

110  Oxyeleotris marmorata (Bleeker,1852) BF v v v v 401 41-256
Family Gobiidae

111 Rhinogobius sp. BF o 0 v v 17 46-83
Family Anabantidae

112 Anabas testudineus (Bloch, 1792) BF v v o v 114 54-127
Family Belontiidae

113 Trichogaster microlepis (Gunther, 1861) BF o o o v 4 45-123

114 T trichopterus (Pallas, 1770) BF v v v v 130 48-102

115  Trichopsis vittata (Cuvier, 1831) BF v v v v 36 33-82

116 T, pumila (Amold, 1937) BF o v o v 12 3246
Family Channidae

117 Channa gachua (Hamilton, 1822) BF o v v o 21 47-179

118  C. lucius (Cuvier, 1831) BF o v v v 38 102-265

119 C. micropeltes (Cuvier, 1831) BF v v v v 284  86-712

120  C. striata (Bloch, 1795) BF v v v v 1,486  50-552
Family Soleidae

121 Brachirus harmandi (Sauvage, 1878) GF ° o o v 1 17
FamilyTetraodentidae

122 Auriglobus modestus (Blecker, 1850) GF o v v o 1 39-82

123 T. suvatti Sontirat & Soonthomsatit,1985 GF v v o o 6 7075

124 T. cochinchinensis (Steindachner, 1866) GF v v v v 40 45-107

mnemn: BF = a1d, GF = laum and WF = a1, v/o = disaanun’e lainy
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4.62 m3swunyiamunganlat (Fish guilds)
nsuianguilataiudnyazwganssulunisenond 1oy (migratory
o 4 [ 4 ' ¥ ' o v 1 4
behavior) BN¥HAaMINBATINMIIAITIINNNITRIIIIMLIBDNTIY 3 Nay AT (319N

4.4) nguila117 49 sila nquilaum 54 yiia waznguilad 21 wiia Teousnnguilawenan

?

) 1 4
A o ' °

1 g ' o = o o
UUN 1529 WU LA wnUla1v17 42 ¥ia aum 51 ¥ia uaziland 19 wia uas
] %’ = o [ o o = o
wiriyawullavia 31 wia daum 46 wiia uazilaim 20 yiia uazwuswIusia 41 via
a 2 X 4 A v 3 A dy ve a v ¥ - ' ' o
wwumwuwmuquﬂmmmmmmuazwuﬂmuwanizwmﬂ’luunuma nelurisneuvrag

Y a a ¥ a
Tasumanszny ey aidudn (Clupeichthys aesarnensis) 191890210 (Rasbora dusonensis)
U1 FIM3UM (R. borapetensis) UnAZINOUYTI (Barbonymus gonionotus) a3z gy (Hampala
spp.) Uan% (Labiobarbus lineatus) Uaa$8u¥13 (Henicorhynchus siamensis) anaiosuniv
(Osteochilus  hasselti) ﬂa1uaﬂgﬂ (Macrognathus siamensis) Uarrou (Channa striata) WQZ

ﬂamfluuﬁa (Parambassis siamensis)
< ar s
4.6.3 A3ITHNGU- 109 1AUHANIZNY (before-after control-impact” quasi-
experimental sampling analysis : BACI)
a I'd =3 Yar d. ng a lz
msuasienilFouiiounis 1dsuransznuveudoulununarviveunii
s A v 3 s A 4 v 3 4 A Qv ve '
Tusaouan Asusirasasuniluiuiniugy uazwiiyadluNun 18 uranszny szude
A a Q4 o & ;‘] ' ' vlyw ' A
RoudIIAY duABUAMIAY 2552 Fulurneu laTunanszny (F1aulawsuihnya)
v =} Y =& - a o) [] a Y ar
wazlusgniaAouiunny 2552 audeuliguiou 2553 1lugrsnain lasunanseny
(‘li'Nnm'ﬂmﬁameu‘_a) MIANYINAN TN (before—after control-impact” qudsi-experimental
a ( an 4 ' - - - -
sampling analysis; BACI) TAuMIAATIZNADANIS YN “randomized  intervention analysis”
A& a a (z ° :’, a o P=} t [y
(RIA) FIWNTAATIZAFIIUIU 999 A53 Tavdinszrnsounsunguilmmuanuuzves
= Y a ar ;d ’ ’ o [ ar d‘d (Y
NYANTTUMIBNININBDU AdiliAe nguila1vd ngudaid nauilaum Tasdunlsndnui 2 aa
Y 1 o a a (g R . ' 4 (z .
nys 1Aun Swauvtiada it (species richness) HALAMUHUIUUVOITAIUY (fish density)
.&’ P J o 3o a £ [y d’
YoInUNAILNY nazwun lasunanszny Tnan1sAny Al
4.6.3.1 nguila1wd (white fish) S1uFTALEZTIIUAIVBINgUIAINY
* g J d‘ , ’ : ’ J c:w d'
Tunaid a9y (WUNAU9Y) NUFIN1MlIYandua1s (RUNSUHaNsENUYBUTDU)
4 °© o { = o an ¥ L)
TuidouynReuNg1529 AININN 4.3 taznams InsizinSoumouneada seninnsuuaz
[ Yo 1 .?,‘ ] 4 ° = ° (Y
NAINT IASURANTZNUIZHIN 2 LhHANYY HuD Uuria ezt iuaveslavn
UanuuanANetIsdAYN1Nada (F = 6.76, P < 0.001) uag (F = 1.00, P = 0.001)

AU
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Before After (13)
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QO Control site @ Impact site A Different Values

MNA 4.3 HANMSUATIZH randomized intervention analysis (RIA) ¥9anAUUAITY (white fish)
1 ] ,o’
(1A) MHUFTAYela1v7 uaz (1B) Niuiudivedllavn senivdeaiiga

' 3
LAZUUUIAIATIY

- d‘ 2 = d' ' J =) o
NHANTANY (MNN 4.3) uaanin1sla@weulurriszn nNufaud1sne

o S A S a ' ' A 4 12 v °
fuNAvRuRUIgUIBY Inasemsengnvanguilamlununuityaneuas Tassiuu
=Y @ [ ) g 4' - = % 1
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93070 (WF) 318 (GF)

Chitala blanci (Aubenton,1965) Chitala ornata (Gray, 1831)

A9 (WF) A2 (BF)

Notopterus notopterus (Pallas,1780) Clupeichthys aesarnensis Wongratana, 1983

HUINKHN (WF) WUl (WF)

Tenualosa thibaudeaui (Durand, 1940) Setipinna melanochir (Bleeker,1849)

#1311 (BF) wiluvinemen (BF)

Amblyrhynchichthys truncates (Bleeker, 1850) Parachela maculicauda (Smith, 1934)
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Parachela siamensis (Giinther, 1868) Paralaubuca barroni Fowler, 1934

uiunne (BF) 119817 (GF)

Paralaubuca riveroi (Fowler,1935) Raiamas guttatus (Day, 1869)

4 L)
Umiin (GF) FIMUAY1I (BF)

Opsarius koratensis (Smith, 1931) Esomus metalicus Ahl, 1924

1 (BF) FINAUAS (BF)
Leptobarbus hoeveni (Bleeker, 1851) Rasbora borapetensis Smith, 1934

o A d @ v
MAN ¥.1 ﬂ’]Wﬁﬂ?u'ﬂua\?ﬂﬂigﬂﬂUNa%U (»9)



132

FINWWUT (BF) %3R8 (BF)

Rasbora daniconius (Haminton, 1822) Rasbora dusonensis (Bleeker, 1851)

Fuaua (BF) FIM19n55 105 (BF)

Rasbora palustris Smith,1945 Rasbora trilineata Steindachner, 1870

19055105180 (BF) 14 (BF)

Rasbora spilocercaRainbothand Kottelat, 1987 Cyprinus carpio Linnaeus, 1758

BanTno (WF) 1&iuauas (BF)
Probarbus jullieni Sauvage, 1880 Cyclocheilichthys apogon (Valenciennes, 1842)
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Puntius partipentazona (Fowler,1934) Sikukia gudgeri (Smith, 1934)
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Barbichthys laevis (Valenciennes, 1842) Henicorhynchus siamensis (de Beaufort,1927)

A1 (WF) a¥BsUNY (WF)

Movrulius chrysophekadion (Blecker, 1850) Osteochilus vittatus (Valenciennes,1842)

M Myed (BF) WIY, WIUHAMIIU (WF)

Osteochilus lini (Fowler, 1935) Osteochilus melanopleura (Bleeker,1852)
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Osteochilus microcephalus (Valenciennes, 1842) Cosmochilus harmandi Sauvage, 1878
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Crossocheilus atrilimes Kottelat,2000 Crossocheilus oblogus (Valenciennes,1842)

29900 (GF) A (BF)

Crossocheilus reticulatus (Fowler, 1934) Epalzeorhynchos munense (Smith,1934)
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Acanthopsis choirorhynchos (Bleeker, 1854) Syncrossus helodes (Sauvage, 1876)

nynen (GF) Y12 (WF)

Yasuhikotakia lecontei (Fowler, 1937) Yasuhikotakia modesta (Bleeker, 1865)
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Yasuhikotakia morleti (Tirant, 1885) Bagrichthys macropterus Bleeker, 1853

Y8BT 1988 (BE) uvoalud (BF)

Mystus mysticetus Roberts, 1992 Mystus singaringan (Bleeker, 1846)

NAMEDI (WF) ude1n (WF)

Hamibagrus nemurus (Valenciennes, 1839) Kryptopterus cheveyi Durand, 1940
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Kryptopterus cryptopterus (Bleeker, 1851) Phalacronotus apogon (Bleeker, 1851)
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Phalacronotus bleekeri (Ginther, 1864) Ompok siluroides Lacepede, 1803

a210 (WF) 1N (WF)

Pangasius hypophthalmus (Sauvage, 1878) Pangasius larnaudii Bocourt, 1866

dnzna (WF) ANGNY (WF)

Pangasius macronema Bleeker, 1851 Helicophagus waandersii Bleeker, 1958

ANA (BF) ANge (BF)
Clarias batrachus (Linnaeus,1758) Clarias macrocephalus Giinther,1864
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Clariasmacrocephalus x Clariasgariepinus Xenentodon cancila (Hamilton,1822)

131 (BF) Iva (BF)

Dermogenys siamensis Fowler,1934 Monopterus albus (Zuiew, 1793)

vianain (BF) nanyA (BF)

Macrognathus circumcinctus (Hora,1924) Macrognathus siamensis (Glinther,1861)

N5ENI(BF) nsgNea1e (BF)
Mastacembelus armatus (Lacepéde,1800) Mastacembelus favus Hora, 1923
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Parambassis siamensis (Fowler,1937) Toxotes chatareus (Hamilton, 1822)

nueundoy (BF) @9 (BF)

Pristolepis fasciata (Bleeker,1851) Nandus nandus (Hamilton, 1822)

ila (BF) N30 (BF)

Oreochromis niloticus (Linnaeus, 1757) Oxyeleotris marmorata (Bleeker, 1852)

yla (BF) vue ne (BF)
Gobiopterus chuno (Haminton, 1822) Anabas testudineus (Bloch, 1792)
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Trichogaster microlepis (Giinther, 1861) Trichogaster trichopterus (Pallas, 1770)

NSUT (BF) A3UAY (BF)

Trichopsis pumila (Arnold, 1937) Trichopsis vittatus (Cuvier, 1831)

4 (BF) A2 (BF)

Channa gachua (Hamilton, 1822) Channa lucius (Cuvier, 1831)

¥z 1a (BF) ¥ou (BF)
Channa micropeltes (Cuvier, 1831) Channa striata (Bloch, 1795)
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Tnidh@en (BF) Jnidhwmiien (BF)

Auriglobus modestus (Bleeker, 1850) Tetraodon cochinchinensis (Steindachner, 1866)

a5 (BF) Suv (BF)

Tetraodon suvatti Sontirat& Soonthornsatit,1985 Brachirusharmandi(Sauvage, 1878)

#8 (WF) Fing 2 (BF)

Nemacheilus pallidus Kottelat, 1990 Laides hexanema (Bleeker, 1852)

F2912e5 (BF) 672900 (WF)
Oryzias minutillus Smith, 1945 Sundasalanx mekongensis Britz&Kottelat, 1999
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13 a °’ o
3191 A.1 WHaMsSARTITHANLLI1 59U (ANOVA) voaaueInala (total length: mm)

1] g T g
vostlamzinouv13 (B. gonionotus) mnmimi'm“lmmmga HUHIEIAI UGS

wiviin
River Mean n Sd.
SK 144.9 58 86.47
NM 130.5 257 47.11
NG 126.3 20 40.91
Total 132.8 335 55.72
ANOVA
Source SS df MS F P-value
River 10,689.55 2 5,344.78 1.73 0.179
Error 1,026,150.29 332 3,090.81
Total 1,036,839.84 334

1] a J o
A319N A.2 WM aRsIzHANLILsl5Iu (ANOVA) 189a31013031a (total length: mm)

¥ ¥
vealmnziiounea (B. alws) nMsdisan lunithga whitaanaumey

wivhn
River Mean n Sd.
SK 94.57 51 4427
NM 75.50 76 25.54
NG 86.90 29 4346
Total 83.85 156 36.92
ANOVA
Source SS df MS F P-value
River 49535.81 2 24767.91 24.52 0.001
Error 154555.18 153 1010.16
Total 204090.99 155
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1] s J L
ATl A3 /KaNsAAsIEHANUIL59U (ANOVA) ¥esnueailan (total length: mm)

' 2 ' 2
youloadesu1d (H. siamensis) 1nmsdrsanlumithasnsy wihyauaz

. withd

' River Mean n Sd.
SK 134.01 93 21.06

s NM 13048 310 49.32
NG 87.81 47 36.05
Total 126.75 450 45.58 B
ANOVA
Source SS df MS F P-value
River 80489.97 2 40244.99 21.11 0.001
Error 852199.65 447 1906.49
Total 932689.62 449

1] . J Q
A1919N A4 Han15ARTIZHANL 515U (ANOVA) vosnnus13d1)an (total length: mm)

1] g 1 g
voulm1dAuau13 (Carmatus) 910msdrsa huniiasesy wihyauas

' with
River Mean n Sd.
SK 100.41 17 15.58
NM 87.06 36 24.48
NG 81.21 109 20.15
Total 84.52 162 21.50
. ANOVA
) Source SS df MS F P-value
- ~ River 5718.25 2 2859.12  6.61 0.001
Error 68730.15 159 432,27
Total 74448.40 161
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4 a L4 Y
A1 A5 Hamsans1znaIuulsUs U (ANOVA) 483218127211 (total length: mm)

1] g 1] g
vo31la1n3233 (P. proctozysron) mnmimi'm“luunmy,a HUUITIANT Y

wastsivhi
River Mean n Sd.
SK 141.97 186 34.73
NM 86.27 471 35.77
NG 145.10 55 42.12
Total 105.37 712 44.82
ANOVA
Source SS daf MS F P-value
River 390988.54 2 195494.27 179.16 0.001
Error 773657.97 709 1091.20
Total 1164646.51 711

" a ( o
A13197 A.6 WanN15 A 1ZHAULL5U59U (ANOVA) 183812370 (total length: mm)

[) g ) {,‘
vosmadesunu (O.virarus) 1inmsdrsde Tuuithya witheaensw

R
uas ey

River = Mean n Sd.

SK 123.79 292 3492

NM 123.78 503  29.92

NG 135.80 380 38.49

Total 127.67 1175  34.57

ANOVA

Source SS daf MS F P-value
River 37168.32 200 18584.16 15.95 0.001
Error 1365761.22  1172.00 1165.33

Total 1402929.54 1174.00
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1 a J r
A131971 A.7 WaMsans1zHaNuls1sau (ANOVA) vesnnueallan (total length: mm)

' o 1 3 ' 2 R
yo11la191 (L. lineata) 11nM3s e luwiiiya withaansw uasuiin

River = Mean n Sd.

SK 11794 485 2221

NM 98.97 157 2737

NG 112.57 134 36.70

Total 113.18 776  27.29

ANOVA

Source SS df MS F P-value
River 43126.66 2 21563.33  31.20 0.001
Error 534233.51 773 691.12

Total 577360.16 775

. a o LY
M5 A.8 HaN15AATIZAANUILTUSIU (ANOVA) v83n1ue1AUan (total length: mm)

) %’ ] %’
Yo INANABY (H. nemurus) MINMyd1s 9 lwithya wihans

ezt
River Mean n Sd.
SK 203.53 78  27.61
NM 64.48 64 41.63
NG 171.43 23 54.76
Total 145.12 165 75.39
ANOVA
Source SS df MS F P-value
River 698136.49 | 2 349068.25 241.80 0.001
Error 233865.09 162 1443.61

Total 932001.58 164
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» a P ° a : .
MSIN A9 HaM5IATIZHAMISY5 U (ANOVA) 483811 THANGY (average species

R 2 o ’ ' 3 ' 3 v ¥ e '
richness; ASR) 1]8\“Ja1lﬂil'lﬂ ISVINLVUIYA LUHAAIIY LASUUUINT 5EHIN

ouFaniay 2552 DuRpuiiguiou 2553

River Count Sum Average Sd.

NM 24 556 23.16 80.23

SK 24 374 15.58 19.73

NG 30 769 25.63 196.30

ANOVA

Source SS df MS F P-value  Ferit
Between Groups 1413.16 2 706.58 6.630 0.002 3.118
Within Groups 7992.13 75 106.56

Total 9405.29 77

H =Y o I3 o . . .
M3 A10 maMsaRs1zAuNsUsIUYBITIIUTATS AU (cumulative species richness;

’ (] {.’
CSR) (ANOVA-1) taz31uufIazay (ANOVA-2) 'umﬂmzﬁmu FTHINUUUI

' 3 v ¥ o a a
U LUUIAIATIY HaSUNLIN 1UIﬁBUﬂQﬂ1ﬂil 2552 ﬁuﬁauuqmuu 2553

ANOVA-1

River SS df MS F P-value Fcrit
Between Groups 2885.33 2 1442.66 16.66 0.000 3.682
Within Groups 1298.66 15 86.57

Total 4184.00 17

ANOVA-2

Month SS df MS F P-value F crit
Between Groups 352.66 5 70.53 0.220 0.946 3.105
Within Groups 3831.33 12 319.27

Total 4184 17
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H a o ar = w o
M3 A1 HaNs IR IERANN51)5u (ANOVA) soenstinnunainnansvossiaiug

. . < w 3 v ¥ v ¥ ¥ g
(diversity index) veslanaudy ITHINUVUIYD HUUITINTI LASLHNUIN

FEUIUABUTINIAY 2552 DaABULIQUIBY 2553

Summary Count Sum Average Sd.
Aug 2009 3 6.66 222 0.04

Oct 2009 3 7.22 2.40 0.07

Dec 2009 3 6.55 2.18 0.03

Feb 2010 3 6.98 232 8.9x10°

Apr 2010 3 6.51 2.17 0.006

Jun 2010 3 6.74 224 0.003

NM 6 13.29 221 0.01

SK 6 14.15 235 0.03

NG 6 13.23 220 0.02
ANOVA

Source SS df MS F P-value F crit
Month 0.12 5 0.02 1.00 0.46 332
River 0.08 2 0.04 173 0.22 4.10
Error 0.25 10 0.02

Total 0.46 17




3 a d 3 a o
31N A.12 wamsainszianulslsau (ANOVA) vessmusiavessgnilarivesu

Month Mean n Sd.

SK-Aug 2009 21.0 5 4.69

SK-Oct 2009 14.8 5 11.21

SK-Dec 2009 9.6 5 3.97

SK-Feb 2010 8.2 5 2.28

SK-Apr 2010 4.6 5 1.14

SK-Jun 2010 11.0 5 - 2.00

Total 11.5 30 7.22

ANOVA

Source SS daf MS F P-value
Treatment 817.47 5 163.49 5.64 .0014
Error 696.00 24 29.00

Total 1,513.47 29

AN A.13

uguIsy 2553

a o v ° Y]
HaM AR5 1/59U (ANOVA) ANuvuiY Tassmiued19egn

Month Mean n Sd.

SK-Aug 2009 149.23 5 179.18

SK-Oct 2009 116.44 5 72.56

SK-Dec 2009 - 54.02 5 13.73

SK-Feb 2010 58.10 5 48.93

SK-Apr 2010 74.52 5 30.70

SK-Jun 2010 96.90 5 59.10

Total 9154 30 85.40655

ANOVA table

Source SS df MS F P-value
Treatment 33,966.55 5 6,793.31 0.92 0.486
Error 177,567.54 24 7,398.64

Total 211,534.13 29
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r g ) o =Y
InMsd1savluihasns iy ssuhafeudaniny 2552 dufeuliguiou 2553

' ° ' ¥ ’ a
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4 a o ° a v 1
3197 A.14 HAMI AN IR 5IU (ANOVA) vessmiuriavesgnilativesy

¥ v = =3
mnmimin‘luunmga 5:mmﬁaummﬂn 2552 5alﬁauuqmuu 2553

Month Mean n Sd.

NM-Aug 2009 13.0 4 4.83

NM-Oct 2009 18.5 4 3.42

NM-Dec 2009 6.5 4 7.33

NM-Feb 2010 14.0 4 4.69

NM-Apr 2010 6.3 4 1.89

NM-Jun 2010 5.8 4 1.71

Total 10.7 24 6.28

ANOVA

Source SS df MS F P-value
Treatment 555.83 5 111.16  5.69 0.002
Error 351.50 18 19.52

Total 907.33 23




i < 4 ' 3 @
ﬂ'l‘i‘l\ﬁdl A.15 Nﬁﬂ’l'i')lﬂ'i'lx'ﬂﬂ’l'lullﬂ'i‘]_"i'lu (ANOVA) mm‘nmuuuiﬂﬂmuaummm

S \d =
gmlariveeu vinmisdrsaelumithye ssuiadeudanian 2552 fie

iABUNIQUIBY 2553

Month Mean n Sd.

NM-Aug 2009 91.69 4 62.08

NM-Oct 2009 79.08 4 25.09

NM-Dec 2009 25.03 4 26.17

NM-Feb 2010 45.02 4 20.89

NM-Apr 2010 45.04 4 7.10

NM-Jun 2010 89.12 4 65.73

Total 62.49 24 4439

ANOVA

Source SS af MS F P-value
Treatment 15397.72 5 3079.54 1.85 0.153
Error 29928.59 18 1662.69

Total 4532630 23

i a L4 o < LY
ﬂ151~1‘?\ n.16 Nf’lﬂ'ﬁ’)kﬂi'\%ﬂﬂ'ﬂuuﬂﬁﬂﬁ’)u (ANOVA) mmmuau%ummgﬂﬂanﬂfmu

1] g 'o . o bl
1nnsd1s Tumiim szunufeudaniny 2552 Dudsuiiguiou 2553

Month Mean n Sd.

NG-Aug 2009 12.2 5 5.89

NG-Oct 2009 8.6 5 3.64

NG-Dec 2009 11 5 424

NG-Feb 2010 7.8 5 4.65

NG-Apr 2010 6.6 5 3.20

NG-Jun 2010 9.4 5 2.19

Total 9.2 30 422

ANOVA table

Source SS df MS F P-value
Treatment 106.66 5 21.33 1.24 0.319
Error 411.20 24 17.133

Total 517.86 29
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4 a s v o o
FI'Ii'N‘?I A.17 mamsansizrauulsdsiu (ANOVA) mmﬁmuuuiﬂumuaummmqn

o ' [y 1] g 'g J =
ilaveou "l)'lﬂﬂ'liﬁ'l‘i')i]alulmu'lﬂ'l iZﬂ'J'NlafluﬁQﬂ'lﬂﬂ 2552 ﬁuﬁau

guIsU 2553

Month Mean n Sd.

NG-Aug 2009 62.84 5 49.74

NG-Oct 2009 40.6 5 17.60

NG-Dec 2009 36.42 5 38.66

NG-Feb 2010 34.36 5 23.60

NG-Apr 2010 37.75 5 3345

NG-Jun 2010 39.02 5 17.24

Total 41.83 30 30.95

ANOVA

Source SS df MS F P-value
Treatment 2763.20 5 552.64 0.53  0.751
Error 25015.97 24 104233

Total 27779.17 29

A3 197 718

a 's ° o . .
HaN15 AT IZHANUILS 159U (ANOVA) 4899119UF1IA (cumulative species

' ) ' 2 ' ¥ ) '
richness) maaqﬂﬂmwaau FSHINUNUIYA LHUTIAIATIN HASLNUINT TESUIN

iwoudaniau 2552 Hudouiiguisy 2553

Groups Count Sum  Average Variance
Mun 6 146 24.33 63.86
Songkhram 6 192 32.00 118.40
Gam 6 115 19.16 19.76
ANOVA
Source SS df MS F P-value  Fcrit
Between Groups 500.33 2 250.16  3.71 0.048 6.35
Within Groups 1010.16 15 67.34
Total 151050 17
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H a 4 ° LY @
M15197 A.19 HaM3 RTINS U59U (ANOVA) veeiuIuAIveIveIgmiativeou

v v {,’ ' ¥ ] ’J ° 1 a
TETMINUNUIYD HUUITINT TN HASUNUINT 53“11\11&0“11\1“1?\“ 2552 ﬁmﬁau

Uy 2553

River Count Sum Average Sd.

Mun 6 374.96 62.49 769.88

Songkhram 6 549.24 91.54 1358.66

Gam 6 239.09 39.84 224.26

ANOVA

Source SS df MS F P-value F crit
Between Groups 8057.14 2 4028.57 5.13 0.019 6.35
Within Groups 11764.07 15 784.27

Total 19821.21 17
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DIVERSITY AND COMMUNITY STRUCTURE OF FISHES IN THE REGULATED
VERSUS UNREGULATED TRIBUTARIES OF THE MEKONG RIVER
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ABSTRACT

Diversity and community structure of fishes were studied in three neighbouring tributaries of the Mekong River in Thailand, namely the Mun,
Songkhram and Gam Rivers. The rivers are located in the same ecoregion but have contrasting levels of both hydrological regulations and
mitigation measures; the Mun River has a hydropower dam with a fish ladder and sluice gates that are opened during the wet season each
year, the Gam River has several irrigation dams with a fish ladder at each dam site, and the Songkhram River has no dams along its river
course. A total of 124 freshwater fish species were sampled in these rivers from August 2009 to June 2010. Overall species richness was
highest in the Songkhram River (112), followed by the Mun (97) and Gam (54) Rivers. Average per site species richness was also
significantly different among rivers but not among sampling months. Abundance-biomass comparison plots revealed considerably
overlapping distributions of these two metrics from the dry to early rainy seasons in the Songkhram River and, to a lesser extent, in the
Mun River. Fish assemblage data were classified into six clusters with similar community structure. Fish assemblages in the Gam River
constituted a single cluster, while those in the other two rivers formed multiple clusters depending on the sampling season. The results of
the cluster analysis are discussed in relation to the dominance of the three migration guilds (white, black, and grey fishes) of the Mekong
River fishes. The effectiveness of the mitigation measures was determined to be limited in alleviating adverse impacts of dams in these
tributaries of the Mekong River. Copyright © 2014 John Wiley & Sons, Ltd.

KEY WORDS: Meckong; regulated tributary; fish assemblage; white fish; black fish

Received 3 September 2013; Revised 18 June 2014; Accepted 13 July 2014

INTRODUCTION A considerable number of hydropower dams have re-
cently been proposed for the lower Mekong basin, causing
grave concerns over possible declines in fish species diver-
sity and fisheries production. Dams impact fish directly by
obstructing migrations and indirectly by disrupting natural
hydrological cycles to which fish have adapted over thou-
sands of years (Halls and Kshatriya, 2009; Dudgeon,
2011). Dam projects are planned both in the mainstream
and tributaries of the Mekong. Of more than 100 proposed
projects in Cambodia, Laos, Thailand and Vietnam within
the Mekong basin (Baran and Myschowoda, 2009; Dugan
et al, 2010), 41 are scheduled to be completed in tributaries
before 2030, while 11 are at various stages of consideration
along the mainstream stretch of the Mekong River (Baran
and Myschowoda, 2009).

Fishes of the Mekong River are highly exceptional both
qualitatively and quantitatively. This river boasts the
most concentrated biodiversity per hectare among all
river systems in the world (Valbo-Jgrgensen er al.,
2009). It is the second most diverse in freshwater fish
species to only the Amazon River (Baran, 2010). Over
790 finfish species characterized by a significant propor-
tion of endemic species (about 24%; Hortle, 2009a) and
a dominance of cyprinids (40%; Rainboth, 1991) are
listed in FishBase, the world’s largest online fish
database (www.fishbase.org). In terms of productivity,
the Mekong River supports the world’s largest inland
fisheries. Annual harvests of aquatic animals are approx-
imately 2.7 million tonnes, of which 70% are fish

(Hortle, 2007). Freshwater fish constitute a large propor- ]?es;:te lh:l rau:dof u;])ropo ;lal § ":1 the tributaries to the
tion of total animal protein intake for Cambodian (81%) mainstream, the media, the public and even researchers have

. id disproportionately greater attention to the mainstream
and Laotian (48%) people (UNEP, 2010). pal
(48%) peop ) dams (Barlow, 2008; Dugan, 2008; Baran, 2010; Ferguson
et al., 2011). This has some scientific basis. For example,
Wmt Tuantong Jutagate, Faculty of Agriculture, Ubon fish resources at risk from the mainstream dams in the

Ratchathani University, Warin Chamrab, Ubon Ratchathani 34190, Thailand. Mekong were estimated to be 0.7-1.6 million tonnes per
E-mail: agtuanju@mail2.ubu.ac.th year (Barlow et al., 2008); 40-70% of the fish catch in the

Copyright © 2014 John Wiley & Sons, Ltd.
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Mekong depends on fish species that migrate long distances
along the mainstream (Baran and Myschowoda, 2009), and
some of these long-distance migrants include the endan-
gered Mekong giant catfish (Pangasianodon gigas), the
Mekong stingray (Dasyatis laosensis) and Jullien’s barb
(Probarbus jullieni), all listed in the JUCN Red List (Barlow
et al., 2008).

Ziv et al. (2012) recently warned against over-
emphasizing the impacts of the mainstream dams as
opposed to tributary dams. They demonstrated with
mathematical modelling that fish biomass in the Mekong
basin would decrease by about 0.3% (ca. 1700 t/yr) for
each additional terawatt hour per year produced by hydro-
power dams in tributaries and that about six species will
become endangered for every 1% of lost biomass. Apart
from modelling, however, few studies have assessed
impacts from dams in the Mekong tributaries (but refer to
Jutagate et al., 2005; Jutagate et al., 2007), and to our
knowledge, no studies have ever compared such impacts
among tributaries to understand how fish communities
respond to damming.

This study aimed to assess the impacts of tributary
dams by monitoring fish assemblage structure in three
Mekong tributaries in Thailand: the Mun, Songkhram
and Gam Rivers. These rivers share similar natural envi-
ronments but differ in the extent to which they are
hydrologically regulated by dams. Previous studies have
found similar fish species composition among the rivers,
with more than 90% of common species observed before
dams were constructed in two of the three rivers as de-
scribed later (Srisatit ef al., 1981; Duangswasdi and
Chookajorn, 1991; Boonyaratpalin et al., 2002). We also
discuss the effectiveness of periodical opening of sluice
gates and construction of fish ladders as mitigation
measures to secure fish passage and reduce impacts on
fish assemblage structure in regulated rivers.

METHODS
Study area

The Mun, Songkhram and Gam Rivers drain from the
Khorat Plateau (155,000km?”) in northeastern Thailand
(Figure 1). In this region, the climate is strongly influenced
by the monsoon with much of the precipitation occurring
during the wet season from June to early October. However,
the mean annual rainfall, ranging from 1000 to 1500 mm/
year, is small compared with the other regions of the
Mekong. From a fisheries perspective, all the three rivers be-
long to the middle Mekong migration system (Poulsen et al.,
2002) that extends from around Vientiane, Laos, in the north
(upstream) to Khone Falls near the Lao-Cambodian border
in the south (downstream). This migration system is

Copyright © 2014 John Wiley & Sons, Ltd.

characterized by large tributaries with extensive floodplains
through which many fish species undertake seasonal migra-
tions to and from the Mekong mainstream (Jutagate er al.,
2007; Baran, 2010).

The Mun River is the largest tributary in Thailand
(117,000 km? or 75% of the Khorat Plateau) and the lon-
gest (641 km) in northeastern Thailand (Figure 1). A run
of the river hydropower dam called the Pak Mun Dam,
which is 17m high and 300m long at the dam site, is
located 6km upstream from the confluence with the
Mekong mainstream. The reservoir has a surface area
of 60km? and a storage capacity of 225 million m> at
a normal high water level of 108 m above mean sea level
(AMSL). Because of the poor performance of a fish lad-
der attached to the dam, the government decided to keep
all sluice gates open during the wet season, from around
May to August each year, to allow fish migration and to
protect local fisheries (Jutagate et al., 2005; Jutagate
et al., 2007). Extensive flooded forests of a total area
of 540 km? were scattered along the Mun River, but the
area shrank by about 40% after the construction of Pak
Mun Dam (Jintanakoon, 1993).

The Songkhram River is the second largest tributary
(13,000km?) in Thailand. Its mean discharge
(c. 300 m3/s) constitutes about 2% of that of the Mekong
River (Hortle and Suntornratana, 2008). The Songkhram
River rises at an altitude of 300m AMSL and flows
about 430km eastwards to the Mekong mainstream. It
is the only Mekong tributary in Thailand that has no
dams along the course of the river. In the wet season,
river water rises by 13m above the dry season level
due to reversed water flow from the flooded Mekong
River, bringing fertile soil to floodplains by inundating
an area of about 1000km? (Blake, 2006). Lastly, the
Gam River is the third largest (3440km?) Mekong
tributary in Thailand, originating from small streams in
the Phupan mountain range that then enter Nong Han,
the largest natural lake of northeastern Thailand (surface
area 123km?. The Gam River is 125km long and
20-40m wide with the average annual discharge of
1400 million m> (Pongsri et al., 2008). The inundated
forest along the river upstream of Nong Han is about
130km® (Srisatit ef al., 1981). The river has a cascade
of five imrigation dams between Nong Han and the Mekong
River (Ko-anantakul et al., 1993). The lowermost dam was
completed in 2009 and is located about 2km from the
Mekong confluence. A pool-type fish ladder with a slope of
1:5 is attached to each of the five dams (Pongsri er al.,
2008). Each pool has an area of 3 x 3 m (9 m?), and the total
length of each ladder is 108 m. Most of the species that can
utilize the ladder are small cyprinids, and their migration
peaks at around the onset of the rainy season, that is, May
to June (Srisatit et al., 1981; Pongsri et al., 2008).

River Res. Applic. (2014)
DOI: 10.1002/rra



159

FISHES IN THE REGULATED TRIBUTARIES OF THE MEKONG RIVER

18200007+
—

. Sampling station
A District

/\/River

= 1910000’
1

™ 1900000
1

1880000 1890000
1

1870000

T ¥ T
1030000 ™ 1040000 “* 105000077 40BO0O0 T IETOOO0 T 4080000 T 10BO0DO™ " 1160000 11100007 1120000 ™

Figure 1. A map of fish sampling sites in the three Mekong tributaries: the Mun, Songkhram and Gam Rivers

Fish sampling

Fish samples were collected from all three rivers every
other month between August 2009 and June 2010,
generating a data set for a total of 18 sampling trips.
Sampling sites were selected according to their accessi-
bility for sampling. In each river, four or five sites in

Copyright © 2014 John Wiley & Sons, Lid.

the lower reaches were sampled at 20 to 30km intervals
(Figure 1). Each of the five sampling sites in the Gam
River was located about 2km upstream from each of
the five irrigation dams. Sampling was conducted during
the moming of a new moon in each month (APPENDIX
I), starting from the Songkhram to the Gam and Mun
Rivers.

River Res. Applic. (2014)
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Adult fish were sampled mainly by electrofishing (Honda
EM 650, 650 watts, 220V) and fish larvae by seine nets,
each method was conducted approximately for 30 min per
site. Electrosampling was done on boat by wading covered
the area (about 100m?). Fish were identified to species
and counted, before being released at the site. A portion of
adult samples were randomly selected, measured for total
length to the nearest millimeter and weighed to the nearest
gram. The stage of adults or larvae was determined for each
individual based on the body size. A few individuals were
preserved in 70% ethanol at each site for later detailed taxo-
nomical examination.

Data analyses

Species richness and Shannon—-Wiener diversity index (H';
Magurran, 2004) were compared with two-way analysis of
variance (ANOVA) with rivers and months as factors. Body
size of commonly observed fish species was compared
among rivers (n > 30 individuals for each river) with one-
way ANOVA. Bonferroni post-hoc tests were applied when
ANOVA revealed significant differences.

Abundance-biomass comparison (ABC) plots were pro-
duced to examine abundance and biomass evenness among
species (Warwick, 1986). A summary statistic (W) was
calculated for each plot as:

M

Z(Bi —-A;)
i=1

Y=Ss-D

where A; and B; are the cumulative percentages of abun-
dance and biomass for the ith species, respectively, and §
is the number of species. This statistic ranges from —1 to
1, being positive when a biomass curve lies above an

abundance curve and negative when it lies below (Casatti
et al., 2006).

Hierarchical agglomerative clustering analysis with the
Bray—Curtis similarity index was applied to log-transformed
abundance data to characterize fish assemblage structure for
each river-month combination. Differences among clusters
were tested statistically with analysis of similarities
(ANOSIM) with 999 permutations. Correspondence analy-
sis (CA) was applied to log-transformed abundance data to
characterize three fish guilds (black, white and grey fish)
found in the Mekong River. Black fish are resident and are
typically found in floodplain habitats; white fish are long-
distance migrants between rivers and floodplains, and grey
fish are intermediate, moving locally between the floodplain
and dry season refuge (Hortle, 2009b; Valbo-Jgrgensen
et al., 2009). All statistical analyses were carried out with
R software (R Development Core Team, 2012); specifically,
‘forams’ (Aluizio, 2012) and ‘ade4’ (Chessel et al., 2012)
packages were used for ABC and for ANOSIM and CA,
respectively.

RESULTS
Catch compositions and diversity index

A total of 36,388 individual (1144 kg) freshwater fish be-
longing to 124 species in 29 families were sampled in the
Mun, Songkhram and Gam Rivers between August 2009
and June 2010 (APPENDIX I). Six fish species, namely
Rasbora dusonensis, Osteochilus vittatus, Labiobarbus
lineata, Channa striata, Osteochilus lini and Barbonymus
gonionotus accounted for 52% of all the individuals sam-
pled. Overall species richness was highest in the Songkhram
River (112 species), intermediate in the Mun (97 species)
and lowest in the Gam (54 species) (Table I). Cyprinidae
was by far the most diverse family (63 species), followed
by Cobitidae (7 species) and Pangasiidae (6 species)
(APPENDIX II). Some large-sized white fish species such

Table I. Average+ SD of species richness and H’' index per site in three Mekong tributaries in Thailand during 20092010

Species richness H

Sampling

month Mun Songkhram Gam Mun Songkhram Gam
Aug. 2009 19+6 (43) 23+11 (60) 11+5(25) 23+04 2.4+03 1.9+0.3
Oct. 2009 28+10(57) 33+14 (70) 16+4 (25) 22+09 27102 23+04
Dec. 2009 21+11 (46) 31+27 (84) 16x2 (29) 20+04 23+0.5 2.3x0.1
Feb. 2010 26+13 (53) 2218 (48) 17+4 (32) 23+05 23403 23+0.1
Apr. 2010 21+7 (44) 19+2 (48) 16+3 (30) 22+04 2.1+0.5 2.1£0.5
Jun. 2010 23+8(53) 31+13 (54) 17+6 (39) 2207 2.1+05 2.320.5
Average 23+67 (97) 25+14% (112) 16 5° (54) 22+0.1 23+0.2 22+0.1

Cumulative species richness across all sampling sites in each tributary is shown in parenthesis. Different letters indicate significant differences (P < 0.05).

Copyright © 2014 John Wiley & Sons, Ltd.
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as Cosmochilus harmandi, Phalacronotus bleekeri, Panga-
sianodon hypophthalmus and Helicophagus leptorhynchus
were found exclusively in the Songkhram River.

Cumulative species richness (CSR) across all sampling
sites in a given river and month was consistently higher in
the Songkhram than the other rivers, especially the Gam
River (F=3.68, P < 0.01; Table I). In the Songkhram River,
CSR peaked in December 2009 (84 species) but subsequently
dropped to 48 species in February and April 2010. A similar
seasonal variation in CSR was not obvious in the other two
rivers. Average species richness per site (ASR) was also sig-
nificantly different among rivers (F=6.76, P <0.01; Table I)
but not different among months due to large among-site var-
iations within a river (F=1.16, P=0.341). Shannon—Wiener
diversity index H’ was relatively constant across both rivers
and months (F=1.00, P=0.464). The average body size of
commonly observed fish species tended to be larger in the
Songkhram River; six out of eight species were significantly
larger in the Songkhram than either one or both of the Mun
and Gam Rivers (Table II).

Fish assemblage structures

In most ABC plots, biomass curves lay above abundance
curves with positive W statistic (Figure 2), indicating that
large-sized fish species dominated fish communities in all
rivers and months. However, the two curves nearly overlap-
ped in February, April and June in the Songkhram River and
also in June in the Mun River, indicating either replacement
of larger species with smaller species or recruitment of
younger and thus smaller individuals of the same species
during the dry to early wet season.

The 18 fish surveys were categorized into six clusters of dif-
ferent fish assemblage structures (Figure 3; ANOSIM test,
P=0.011). All six surveys in the Gam River constituted a
single cluster (cluster A). The Mun and Songkhram Rivers
also tended to be categorized into distinct clusters, but because

of slight differences in assemblage structures between months,
a total of five clusters were formed for the two rivers. For the
Mun River, dry season surveys (December, February and
April) formed cluster B, while wet season surveys (August
and October) formed cluster C. Cluster D consisted of June
surveys from the Mun and Songkhram Rivers. Cluster E
was composed of surveys in August and April in the
Songkhram River, and cluster F was composed of those in
October, December and February in the same river.

The ten most abundant fish species accounted for 63—-75%
of all individuals in each cluster with relatively lower per-
centages (<67%) observed for clusters D, E and F of the
Songkhram River (Table III). This agrees with the consis-
tently higher species richness observed in this river
(Table I). Fish assemblages in clusters A (Gam), B (the
Mun River in dry season) and F (the Songkhram River in
mostly the dry season) were dominated by grey fish
(Table III). Three out of the ten fish in cluster A were black
fishes. Clusters C, D and E, which were predominantly wet
season surveys in the Mun and Songkhram Rivers, had three
to four white fishes in each cluster.

The first and second CA axes explained 44.4 and 28.2%
of the total variance, respectively. Fish surveys in the
Songkhram River were separated from those in the other
two rivers along the first axis (Figure 4a), being closely
associated with white fishes, especially their larvae
(Figure 4b). Higher abundances of adult black fishes during
the dry season were a common characteristic in the Mun and
Gam Rivers, while their larvae were more abundant during
the wet season. There was a strong correlation between the
August Gam survey and grey fish larvae.

DISCUSSION

Previous reports of the Mekong River Commission
(e.g. ‘Assessment of Mekong Capture Fisheries Component’,

Table II. Average x SD of total length (mm) of commonly observed fish species (N> 150) collected in the three rivers during 2009-2010.

Different letters indicate significant differences (P < 0.05)

River
Fish species Guild® N Mun Songkhram Gam
Barbonymus gonionotus w 335 0.18 130.5+47.1 1449 +86.5 126.3 +40.9
Barbonymus altus G 156 <0.01 75.5£25.5° 94.6 +44.3* 86.9 +43.5%®
Henicorhynchus siamensis w 450 <0.01 130.5+49.3* 134.0x21.1° 87.8+36.1°
Cyclocheilichthys armatus G 162 <0.01 87.1+24.5% 1004 +15.6* 81.2£20.5°
Puntioplites proctozysron w 172 <0.01 86.3+35.8° 142.0x34.7° 145.1 +42.1*
Osteochilus vitatus G 175 <0.01 123.8+29.9° 123.8+34.9° 135.8+38.5"
Labiobarbus lineatus G 776 <0.01 99.0+27.4° 117.9+22.2° 112.5+36.7°
Hemibagrus nemurus B 165 <0.01 64.5141.6° 203.5+27.6° 174.1+54.8°

Different letters indicate significant differences (P < 0.05).
B, black fish; G, grey fish; W, white fish

Copyright © 2014 John Wiley & Sons, Ltd.
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Figure 2. Abundance~biomass curves of fish communities observed in the 18 surveys conducted in the Mun, Gam and Songkhram Rivers
across 6 months during 2009-2010

www.mrcmekong.org, Poulsen et al., 2002) have all indicated
a high degree of overlap in catch composition between their
monitoring  stations established throughout the middle
Mekong migration system including the three tributaries in
this study. The catch data essentially represents the actual
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Figure 3. A dendrogram of the cluster analysis on the log-trans-
formed abundance data of fish species collected in the 18 surveys
conducted in the Mun, Gam and Songkhram Rivers

Copyright © 2014 John Wiley & Sons, Ltd.

spectrum of species composition as a result of the non-
selective nature of fishing methodologies used in the Mekong
basin (Baran, 2010). As stated earlier, evidence for the high
degree of species overlap in the three rivers before the dam-
ming was also provided by other workers as well (Srisatit
et al, 1981; Duangswasdi and Chookajorn, 1991;
Boonyaratpalin et al., 2002). Even though the exploitation
rate of fisheries’ resources may differ between the rivers, small
to medium-sized riverine fish are unlikely to go extinct be-
cause solely of fishing activities (Allan et al., 2005). There-
fore, differences in fish assemblage structure among the
tributaries observed in this study is most likely attributable
to anthropogenic alterations to the rivers, specifically hydro-
logical regulations by dams and weirs.

The greatest fish species richness was recorded in the
Songkhram River, the tributary that remained intact with
no alterations to its natural hydrology. However, the species
richness varied markedly across different seasons with much
higher fish species observed during the August, October and
December surveys, that is, flood season, than the February
and April surveys. This was caused by the presence in the
catches of white fish species, such as Cyclochelichthys
spp., Mystacoleucus marginatus, Hypsibarbus pierrei, and
Pangasiid fishes (APPENDIX II) during flood season, par-
ticularly in the lowermost site connected to the Mekong.
Their presence indicates immigration of white fish from
the Mekong mainstream into this tributary during this period

River Res. Applic. (2014)
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Table III. Percentages of the ten most abundant fish species for each cluster in Figure 3

163

% % %
Cluster A Abundance Cluster B Abundance Cluster C Abundance
Osteochilus vittatus (G) 1290  Rasbora dusonensis (G) 18.87  Labiobarbus lineatus (G) 13.71
Channa striata (B) 1092  Osteochilus vintatus (G) 17.93  Paralaubuca typus (G) 10.76
Hampala dispar (G) 991  Channa striata (B) 11.92  Osteochilus microcephalus (G) 10.04
Rasbora borapetensis (G) 8.46  Osteochilus lini (G) 6.15  Rasbora dusonensis (G) 9.63
. Rasbora dusonensis (G) 7.70  Rasbora borapetensis (G) 3.38  Barbonymus gonionotus (G) 8.12
Cyclocheilichthys armatus (G) 5.49  Osteochilus microcephalus (G) 3.31  Henicorhynchus siamensis (W) 6.99
Labiobarbus lineatus (G) 547  Parachela siamensis (G) 2.59  Osteochilus vittatus (G) 5.68
Osteochilus lini (G) 495  Puntius brevis (G) 240  Epalzeorhynchos munense (W) 4.05
- Oxyeleotris marmorata (B) 4.85  Crossocheilus reticulatus (G) 2.26  Channa striata (B) 2.83
Pristolepis fasciata (B) 4.10  Parambassis siamensis (G) 2.25  Henicorhynchus ornatipinnis (W) 2.82
Total 7476  Total 71.04 Total 74.62
Cluster D % Cluster E %o Cluster F %
Abundance Abundance Abundance
Parambassis siamensis (G) 12.64  Rasbora dusonensis (G) 12.87  Rasbora dusonensis (G) 18.41
Clupeichthys aesarnensis (G) 9.69  Barbonymus gonionotus (G) 11.13  Osteochilus vittatus (G) 8.34
Hampala dispar (G) 8.88  Sikukia gudgeri (W) 10.51  Labiobarbus lineatus (G) 7.80
Labiobarbus lineatus (G) 6.87  Henicorhynchus siamensis (W) 5.32  Osteochilus lini (G) 5.53
Scaphognathops  bandanensis 6.33  Labiobarbus lineatus (G) 5.08  Hampala dispar (G) 496
W)
Osteochilus vittatus (G) 5.13  Acanthopsis choirorhynchos (G) 4.81 Channa striata (B) 4.76
Sikukia gudgeri (W) 4.15  Macrognathus siamensis (B) 4.72  Acanthopsis diaiuzona (G) 4.50
Rasbora dusonensis (G) 3.56  Channa micropeltes (B) 4.47  Crossocheilus oblogus (G) 4.12
Mystacoleucus atridorsalis (W) 327  Cyclocheilichthys enoplos (W) 4.03  Osteochilus microcephalus (G) 3.08
Henicorhynchus siamensis (W) 248  Hampala dispar (G) 326  Henicorhynchus siamensis (W) 3.02
¢ Total 62.98 Total 66.20 Total 64.52

B, black fish; G, grey fish; W, white fish

(Blake, 2006). In large tropical rivers such as the Mekong,
* fish migrations are closely tied to the local hydrological re-
gime in which fish change habitats between the main

channels, tributaries, deep pools and floodplains in response
to the major hydrological events like floods and their reces-
sions (Winemiller, 1996; Welcomme et al., 2006; Hortle,
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Figure 4. Results of correspondence analyses, showing ordinations of (a) fish adults and larvae of three migration guilds in the Mekong River
and (b) fish surveys in three rivers across 6 months
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2009b). The smaller temporal variation of species richness
in the Mun and Gam Rivers, in which grey and black fish
of semi-lotic and lentic species dominated, was similar to
other regulated rivers, where such seasonal flood pulses
have been diminished (Barrella and Petrere, 2003; Kruk
and Penczak, 2003; Terra et al., 2010).

The dry season fish assemblage of the Songkhram River
was mostly dominated by small grey fishes, notably R.
dusonensis, a small cyprinid, reducing W statistic to almost
zero (Warwick, 1986; Labropoulou and Papaconstantinou,
2005). During this period, large-sized white fishes emigrate
from the tributary and return to the mainstream Mekong, es-
pecially to deep pools (Baird, 2006; Valbo-Jgrgensen et al.,
2009; Baran, 2010). In contrast, the reduced W statistic in
June in both Mun and Songkhram Rivers was because of a
higher proportion of fish larvae of different species rather
than smaller-sized species dominating the community. This
also implies the movements of mature adults into the tribu-
taries for spawning because most Mekong fish are flood
spawners (Hortle, 2009a). Therefore, in the wet and flood
seasons, fish larvae abound in unregulated free-flowing
Mekong tributaries, originating either from those hatching
within the floodplain of the tributaries or those (e.g. migra-
tory cyprinids and pangasiids) drifting from upstream
reaches with rising floodwaters (Hortle, 2009b). It should
be noted that although smaller fish species (or individuals)
dominate the Songkhram River during certain periods each
year, the common fish species of the three tributaries
(Table II) generally grew better and became significantly
larger in the Songkhram River, suggesting the existence of
suitable feeding, rearing and refuge habitats.

After opening the sluice gates of the Pak Mun Dam, the
adult fish community in the Mun River became similar to
that in the unregulated free-flowing Songkhram River at
the onset of the wet season in June, the time when white fish
start entering tributaries as stated above. Phomikong er al.
(2013) showed that after the gates were closed at the end
of the wet season, almost all white fish were replaced with
grey and black fish in the Mun River, but small to
medium-sized white fish, especially cyprinids, continued to
be observed in the Songkhram. This indicates that white
fishes enter the Mekong tributaries not only during the wet
season but also, albeit to a lesser extent, during the dry
season (Warren et al., 1998; Jutagate et al., 2005). We also
observed the complete absence of white fishes among
the ten most abundant species during the dry season in the
Mun River (cluster B) but observed their continued presence
in all seasons in the Songkhram River.

Completing of the lowermost dam in January, that is, be-
fore the flood season of 2009, together with the cumulative
barrier effects (Halls and Kshatriya, 2009) of the four low-
head dams upstream, made the fish assemblage of the Gam
River clearly different from the Songkhram and Mun

Copyright © 2014 John Wiley & Sons, Ltd.

Rivers. The assemblage was characterized by a dominance
of grey and black fish of sedentary species and a high per-
centage (about 25%) of camivores like C. striata, Hampala
dispar, and Oxyeleotris marmorata. The lower abundance
or absence of many common white fish species found in
the Mun and Songkhram Rivers (APPENDIX II), most
likely resulted from alterations to the natural hydrological

regime and impediments to fish migrations by the series of

five irrigation dams (Baran, 2006; Welcomme et al,
2006). Although Pongsri et al. (2008) reported that 55 fish
species ascended fish ladders constructed at these dam sites,
they were mostly small grey fishes of less than 20 cm and
only a few were long-distance migrants.

Mitigation measures examined in this study had limited
effectiveness in alleviating adverse impacts of damming in
the tributaries of the Mekong River. Fish ladders appeared
to have allowed only the short-distance migrations of
smaller fish but not longer distance migrations of larger
white fish that typically constitute important fisheries’ re-
sources. Fish ladders in large tropical systems have histori-
cally performed very poorly because of high migratory
biomass, variable hydrology and high species richness, with
the exception of limited successes by fish ladders facilitating
lateral fish migration, that is migration between the main
river and floodplains (Baumgartner et al., 2012). Dugan
et al. (2010) concluded that there are no fish passage mitiga-
tion measures that cope with the scale of fish migration on
the Mekong mainstream. This was proved to be true through
a comparison between three tributary systems of the river in
this study. Opening sluice gates partially restored the wet
season fish communities by providing passage for white
fishes from the mainstream. However, the current study
has revealed that the gates still block fish migration and alter
fish assemblage structure accordingly during the period of
gate closure in the dry season compared with those in free-
flowing tributaries. Dams disrupt movements of not only
fish but also other materials like nutrients (Jackson and
Marmulla, 2001). After impoundment of large reservoirs in
Thailand, black fish commonly increased in abundance,
but they did so only for a certain period because nutrients
trapped in the reservoirs only temporarily enhanced algal
production (Jutagate et al., 2012). Although some grey and
even white fish, such as eight species in Table II, are also
known to colonize reservoirs, they typically exhibit slow
growth, delayed maturity and smaller fecundity, likely be-
cause of the reduced food availability associated with the
loss of annual flood pulse (De Graaf, 2003; Suvamaraksha
et al., 2011) and reduced water velocity (Penczak, 2007),
significantly affecting local fishery production (Welcomme
and Halls 2004; Alford and Walker, 2013).

The limitation of this study could be either from the sam-
pling method used (electrofishing) or the sampling period.
Both could influence the presence and abundance estimation
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of some white fish species, such as Bagriid fish, which
are benthopelagic and sometimes occupy areas near the
river bottom. Migration patterns in and out of the river
of the Mekong fishes are complex, and some species
may be not vulnerable to be collected during the sam-
pling period (Baran, 2006). However, as our samples
were collected at new moons, when abundances tend to
be higher than other lunar phases (Baran, 2006), they
would presumably contain the full species composition
for each sampling month. Further improvements to the
fisheries survey framework and fish monitoring program
in these three rivers are recommended to evaluate the sta-
tus of fish assemblages.

Faced with rapid development of dam projects in the
Mekong mainstream as well as tributary systems, fisheries sci-
entists, managers, and engineers alike need to find ways to
minimize anticipated detrimental impacts of the projects on
fish migrations rather than relying on the conventional fish
passage principles and techniques (Baumann and Stevanella,
2012). It is clear, from this study, that damming the Mekong
tributaries did alter fish community structure by restricting mi-
gratory species. Poor performance of the existing fish ladders
typically results from unsuitable designs for the height of a
given migration barrier and ignorance of the behaviour and
swimming ability of local fish species (Thomcraft et al.
2006). Fish migrations underpinned by hydrological and
ecological connectivity are of paramount importance to the
exceptionally high fish productivity and diversity of the
Mekong River, but the existing mitigation measures
obviously do not meet the requirements for sustaining this con-
nectivity, putting the world’s largest inland fisheries at risk.
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APPENDIX [
SAMPLING SITES, DATES AND TIMES OF SAMPLINGS OF FISH SURVEYS CONDUCTED IN
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THE MUN, SONGKHRAM AND GAM RIVERS BETWEEN AUGUST 2009 AND JUNE 2010

Table Al
Date of Sampling
Time of
River Site Location (Latt. — Long.) August  October  December  February April  June sampling
Songkhram 1 N 173830.6; E 1042450.9 24 3 19 22 24 23 6.00-7.30
2 N 173922.1; E 1041303.4 24 3 19 22 24 23 8.30-10.00
3 N 174233.2; E 1040433.9 24 3 19 22 24 23 11.00-12.30
4 N 174836.1; E 1040104.2 25 4 20 23 25 24 6.00-7.30
5 N 174903.8; E 1035508.2 25 4 20 23 25 24 8.30-10.00
Gam River 1 N 165523.5; E 1044300.5 26 5 21 24 26 25 6.00-7.30
2 N 165739.5; E 1043140.3 26 5 21 24 26 25 8.30~10.00
3 N 170008.2; E 1042534.7 26 5 21 24 26 25 11.00-12.30
4 N 170453.0; E 1042140.5 27 6 22 25 27 26 6.00-7.30
5 N 170913.2; E 1041657.3 27 6 22 25 27 26 8.30~-10.00
Mun River 1 N 151728.2; E 1052520.1 28 7 23 26 28 27 6.00-7.30
2 N 151411.3; E 1051520.8 28 7 23 26 28 27 8.30~10.00
3 N 151622.4; E 1050143.6 29 8 24 27 29 28 6.00-7.30
4 N 151057.7; E 1044250.9 29 8 24 27 29 28 8.30-10.00
APPENDIX 11

THE RESULT OF FISH SURVEYS CONDUCTED IN THE MUN, SONGKHRAM AND GAM RIV-

ERS BETWEEN AUGUST 2009 AND JUNE 2010, SHOWING THE MIGRATION GUILD (BF,
BLACK; GF, GREY AND WF, WHITE FISH), PRESENCE/ABSENCE (+/—), NUMBER OF
INDIVIDUALS, AND WEIGHT + SD (KG) OF A TOTAL OF 124 SPECIES COLLECTED

Table Al
River
No Scientific name Guild Mun Songkram Gam Number Weight (kg)
Family Notopteridae
1 Chitala blanci (Aubenton,1965) WF - + - 1 0.001
2 Chitala ornata (Gray,1831) WF + + + 18 1.76
3 Notopterus notopterus (Pallas,1780) WF + + + 340 31.92
Family Clupeidae
4 Clupeichthys aesarnensis Wongratana,1983 GF + + + 611 0.52
5 Tenualosa thibaudeaui (Durand,1940) WF + + - 14 0.55
Family Engraulidae
6 Setipinna melanochir (Bleeker,1849) WF + - - 16 0.21
Family Cyprinidae
7 Amblyrhynchichthys sruncatus(Bleeker,1850) WF + - 3 0.03
8 Parachela maculicauda (Smith,1934) GF + + - 63 0.09
9 Parachela siamensis (Giinther,1868) GF + + + 235 1.30
10 Paralaubuca barroni (Fowler,1934) GF - + - 42 0.10
11 Paralaubuca typus Bleeker,1865 GF + + + 745 3.75
12 Raiamas guttatus (Day,1869) WF - + - 28 0.12
13 Opsarius koratensis (Smith,1931) GF + + 9 0.04
14 Opsarius pulchellus (Smith,1931) GF — + — 6 0.07
(Continues)
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Table AII (Continued)
River
No Scientific name Guild Mun Songkram Gam Number Weight (kg)
15 Esomus metallicus Ahl,1924 GF - + - 18 0.03
16 Leptobarbus hoeveni blecker,1851 GF + + - 11 0.22
17 Rasbora borapetensis Smith,1934 GF + + + 1,122 0.78
18 Rasbora daniconius (Hamilton,1822) GF + + - 82 0.60
19 Rasbora dusonensis (Bleeker,1851) GF + + + 4,400 20.76
20 Rasbora palustris Smith,1945 GF + + - 7 0.02
21 Rasbora tornieri Ahl,1922 GF + - + 29 0.15
22 Rasbora trilineata Steindachner,1870 GF + + + 260 0.30
23 Cyprinus carpio Linnaeus,1758 WF + + + 13 2.27
24 Probarbus jullieni Sauvage,1880 WF — + - 12 1.12
25 Cyclocheilichthys apogon (Valenciennes,1842) GF - + + 84 1.06
26 Cyclocheilichthys armatus (Valenciennes,1842) GF + + + 520 4.53
27 Cyclocheilichthys enoplos (Blecker,1850) WF + + - 314 26.41
28 Mystacoleucus atridorsalis Fowler,1937 WF + + + 410 0.75
29 Mystacoleucus marginatus (Valenciennes,1842) WF - + — 3 0.01
30 Puntioplites falcifer Smith,1929 WF + + - 112 4.88
31 Puntioplites proctozysron (Blecker,1865) WF + + + 198 6.14
32 Puntius brevis (Bleeker,1860) GF + + + 528 2.81
33 Sikukia gudgeri (Smith,1934) WF + + — 734 535
34 Barbonymus altus (Giinther,1868) GF + + + 380 547
35 Barbonymus gonionotus (Bleeker,1850) WF + + + 1,397 90.39
36 Barbonymus schwanefeldi (Bleeker,1853) GF + + - 10 0.08
37 Hypophthalmichthys molittrix (Valenciennes,1844) WF + - - 6 0.01
38 Hypsibarbus malcolmi (Smith,1945) WF + + - 6 0.04
39 Hypsibarbus pierrei (Sauvage,1880) WF - + - 10 0.51
40 Hypsibarbus wetmorei (Smith,1931) WF + + - 99 3.63
41 Discherodontus ashmeadi Fowler,1937 WF - + - 1 0.01
4?2 Hampala dispar Smith,1934 GF + + + 1,825 68.50
43 Hampala macrolepidota (Valenciennes,1842) GF + + + 170 24.51
44 Scaphognathops bandanensis WF + + - 341 8.34
(Boonyaratpalin & Srirungroj,1971)

45 Puntius aurotaeniatus(Tirant,1885) GF - + - 1 0.01
46 Puntius orphoides(Valenciennes,1842) GF + + + 133 4.80
47 Puntius partipentazona(Fowler,1934) GF + + - 57 0.06
48 Puntius rhombeus Kottelat,2000 GF + - - 9 0.01
49 Thynnichthys thynnoides (Bleeker,1852) WF + + — 147 1.16
50 Cirrhinus jullieni (Sauvage,1878) WF + — + 87 1.08
51 Labiobarbus lineatus (Sauvage,1878) GF + + + 2,545 50.34
52 Labiobarbus spilopleura (Sauvage,1881) WF — + — 4 0.06
53 Barbichthys laevis (Valenciennes,1842) GF — + - 31 0.34
54 Henicorhynchus lobatus Smith,1945 WF + + + 134 0.96
55 Henicorhynchus ornatipinnis (Roberts,1997) WF + + + 307 191
56 Henicorhynchus siamensis (de Beaufort,1927) WF + + + 1,259 19.17
57 Morulius chrysophekadion (Bleeker,1850) WF + + - 81 3.02
58 Labeo dyocheilus (McClelland,1839) WF + + - 17 0.20
59 Labiobarbus leptocheilus (Valenciennes,1842) WF - + — 46 10.61
60 Luciosoma bleekeri Steindachner,1878 WF - + - 4 0.01
61 Osteochilus hasselti (Valenciennes,1842) WF + + + 3,246 132.12
62 Osteochilus lini Fowler,1935 GF + + + 1,515 23.87
63 Osteochilus melanopleura (Bleeker,1852) WF + + - 32 1.12
64 Osteochilus vittatus (Valenciennes,1842) GF + + + 1,175 7.57
65 Cosmochilus harmandi Sauvage,1878 WF - + - 31 3.60
66 Crossocheilus atrilimes Kottelat,2000 GF + + - 48 0.14
67 Crossocheilus oblogus (Valenciennes,1842) GF + + + 422 0.97
68 Crossocheilus reticulates (Fowler,1934) GF + + - 291 0.98

(Continues)
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Table AII (Continued)
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River

No Scientific name Guild Mun Songkram Gam Number Weight (kg)

69 Epalzeorhynchos munense (Smith,1934) GF + + — 328 2.61
Family Cobitidae

70 Acanthopsis choirorhynchos (Bleeker,1854) GF + + + 283 1.41

n Acanthopsis diaiuzona Van Hasselt, 1823 WF + + + 368 1.11

72 Yasuhikotakia eos (Taki, 1972) GF + + - 16 0.07

73 Syncrossus helodes (Sauvage,1876) GF + + — 30 0.28

74 Yasuhikotakia lecontei (Fowler,1937) GF + + - 13 0.07

75 Yasuhikotakia modesta (Bleeker,1865) WF + + - 5 0.17

76 Yasuhikotakia morleti (Tirant,1885) GF + + - 6 0.01
Family Bagridae

77 Bagrichthys macropterus (Bleeker,1854) GF + + - 10 0.51

78 Mystus multiradiatus Roberts, 1992 GF + - - 6 0.09

79 Mystus mysticetus Roberts, 1992 GF + + + 128 1.77

80 Mystus singaringan (Blecker,1846) GF + + + 56 0.68

81 Hemibagrus nemurus (Valenciennes,1840) GF + + + 408 24.38
Family Siluridae

82 Kryptopterus cheveyi Durand,1940 WF - + - 5 0.01

83 Kryptopterus cryptopterus (Bleeker,1851) WF + + + 10 0.16

84 Phalacronotus apogon (Bleeker,1851) WF + - - 26 11.77

85 Phalacronotus bleekeri (Giinther,1864) WF — + - 85 0.93

86 Ompok siluroides Lacepede, 1803 WF + - + 33 0.81
Family Schilbeidae

87 Laides hexanema (Bleeker,1852) GF — + - 1 0.01
Family Pangasiidae

88 Pangasius conchophilus Roberts & Vidthayanon,1991 WF - + - 21 221

89 Pangasius hypophthalmus (Sauvage,1878) WF - + - 11 0.17

90 Pangasius larnaudii Bocourt,1866 WF - + - 3 7.27

91 Pangasius macronema Bleeker,1851 WE - + - 106 3.17

92 Pseudolais pleurotaenia (Sauvage,1878) WF + - - 1 0.001

93 Helicophagus leptorhynchus Ng & Kottelat,2000 WF - + - 53 6.03

94 Helicophagus waandersii Bleeker,1958 WF — + - 13 0.33
Family Clariidae

95 Clarias batrachus (Linnaeus,1758) BF + + — 46 2.24

96 Clarias macrocephalus Giinther,1864 BF + + — 10 0.77

97 Clarias macrocephalus x Clarias gariepinus BF + + + 109 9.50
Family Belonidae

98 Xenentodon cancila (Hamilton,1822) GF + + + 638 6.03
Family Hemiramphidae

99 Dermogenys siamensis Fowler,1934 GF + + - 13 0.01

100 Monopterus albus (Zuiew,1793) BF + + + 121 9.66
Family Mastacembelidae

101 Macrognathus circumcinctus (Hora,1924) BF + + + 30 0.21

102 Macrognathus siamensis (Giinther,1861) BF + + + 615 11.11

103 Mastacembelus armatus (Lacepéde,1800) BF + + + 32 2.52

104 Mastacembelus favus Hora, 1923 BF - + - 5 0.06
Family Toxotidae

105 Toxotes chatareus (Hamilton,1822) GF + + - 78 0.71
Family Nandidae

106 Pristolepis fasciata (Bleeker,1851) BF + + + 553 10.65

107 Nandus nandus (Hamilton,1822) BF + + + 25 0.23
Family Cichlidae

108 Oreochromis niloticus (Linnaeus,1757) GF + + + 20 2.87
Family Eleotridae

109 Oxyeleotris marmorata (Bleeker,1852) BF + + + 728 4191

Family Gobiidae

Copyright © 2014 John Wiley & Sons, Ltd.
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Table AH (Continued)
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River

No Scientific name Guild Mun Songkram Gam Number Weight (kg)

110 Rhinogobius sp. BF + - - 17 0.05
Family Anabantidae

111 Anabas testudineus (Bloch,1792) BF + + + 132 2.07
Family Belontiidae

112 Trichogaster microlepis (Giinther,1861) BF + - — 4 0.07

113 Trichogaster trichopterus (Pallas,1770) BF + + + 186 1.46

114 Trichopsis pumila (Amold,1937) BF + + + 34 0.02

115 Trichopsis vittata (Cuvier,1831) BF + + + 48 0.06
Family Channidae

116 Channa gachua (Hamilton,1822) BF + + - 21 0.63

117 Channa lucius (Cuvier, 1831) BF + + - 38 2.18

118 Channa micropeltes (Cuvier,1831) BF + + + 297 60.07

119 Channa striata (Bloch,1795) BF + + + 2,223 316.42
Family Soleidae

120 Brachirus harmandi (Sauvage,1878) GF + + — 1 0.001
FamilyTetraodontidae

121 Auriglobus modestus (Bleeker,1850) GF + + - 11 0.02

122 Tetraodon suvatti Sontirat & Soonthornsatit,1985 GF - + - 6 0.06

123 Tetraodon cochinchinensis (Steindachner,1866) GF + + + 60 0.51
Family Ambassidae

124 Parambassis siamensis (Fowler,1937) GF + + + 1,513 1.60

Copyright © 2014 John Wiley & Sons, Lid.
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ABSTRACT
Impacts of river damming to the three fish guilds in the Mekong Basin, according to their
migratory behaviors viz., "white”, “black” and “grey” fishes were investigated by “"before-after
control-impact” method. Samplings were conducted every 2 months for one year. The period of
“before intervention” was between August and October 2009, meanwhile the period of “after
intervention” was between December 2009 and June 2010. The control- and impacted- sites were the

Songkhram and Mun Rivers, respectively, which are in the middie migratory system of the Mekong
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Basin. The intervention was the closing of all sluice gates of the Pak Mun Dam in the Mun River. There
were 2 variables used in the study viz., numbers and species richness of each fish guild. The resuits
showed that there were highly significant impacts of river damming (P-value < 0.01) to both variables -
of white fish but insignificance to the remaining 2 guilds. Benefit of the sluice-gate management of the

Pak Mun Dam to the white fish was also discussed.

Introduction

Blockages of fish migratory routes both within the river mainstream and/or between the
mainstream and tributaries, due to river damming, are now becoming the major concern in the Lower
Mekong Basin (LMB, Dugan et al., 2010). Eighty-seven percent of the Mekong fish species, for which
ecological information is available, are believed to be migratory during their life cycles (Baran et al.,
2007). Some of the migratory fish species or “white fish”, as generally called in the Mekong,
undertake long-distance longitudinal migration of several hundred kilometers, such as Pangasius
krempfi (Hogan et al., 2007), in search of suitable habitats that enhance their survival, growth and
reproduction success (Dugan et al., 2010). Most white-fish species venture into flooded areas in the
tributaries during a monsoon season for spawning or feeding, and then returning to river habitats as
the flood season ends (Poulsen et al., 2002). This "white fish" guild includes many species of
Cyprinidae as well as species of Balitoridae, Cobitidae and Pangasiidae. Between 40 and 70 percent
of the catches in the LMB are composed of fish species that migrate long distances along the
mainstream and tributaries {Barlow et al., 2008), for example, it is estimated that white fish constitute
63% of the catch (i.e. around 150,000 metric tonnes a year) in the Tonle Sap {van Zalinge et al., 2000).
Two other fish guilds, according to their migratory behaviors, known in the LMB are “black fish” and
“grey fish". Black fish are able to survive in swamps and other water bodies in the floodplain during a
dry season and occasionally perform limited, lateral migrations. These fish have often adapted to
adverse environmentat conditions in the floodplain, such as low dissolved oxygen. They are mainly
carnivores and detritivores such as species of Channidae, Clariidae, Bagridae and Anabantidae
(Valbo-Jargensen et al., 2009). Grey fish are ecologically intermediate between the two
aforementioned guilds, including fishes that do not spend dry seasons in the floodplain but do not
undertake long distance migrations either {Dugan, 2010; Valbo-Jgrgensen et al., 2009).

To alleviate the adverse effect of river damming to fish migration, there is a technique of the
“opening - closing sluice gates” for a certain period to mitigate the impact of dam to fish migrations.
This measure is suitable for the regulated river that contains many fish species with varieties of

migratory behaviors as in LMB, where fish ladder shows ineffective performance (Jutagate et al.,



-

2005; Welcomme et al., 2006). This sluice gate management scheme has never been adgﬁ'ed
anywhere but in Thailand. The techniques was first implemented in 2003 in the regulated Mun River,
where the “run-of-the river” Pak Mun Dam, which located near the mouth of Mun River to the Mekong
Mainstream, following the resuits from the scientific findings during the one-year trial of opening all
sluice gates (see details in Jutagate et al., 2003; 2005). This measure allows opening all sluice gates
approximately for four months during the rainy season, which is adjusted each year according to the
rainfall intensity and water level, and then closed for eight months for hydroelectric generation.
According to the opening-closing of the sluice gates, it is an opportunity to re-confirm scientifically on
the impact of damming the Mekong tributary to fishes, particularly in terms of migration. Therefore, the
aim of this study is to evaluate the responses of fishes according to the “opening — closing sluice
gates” technigue. Three fish guilds viz., the "white”, "black” and “grey” fishes were classified and
used i;m the study. The “before—after control-impact (BACI)" quasi-experimental sampling was applied
and data was analyzed by “"randomized intervention analysis” (RIA: Carpenter et al., 1989) for

detecting the changes of the observed variables, i.e. numbers and species richness.

Material and methods

Data collections

Sampling sites were the intact Songkhram River (as “control-site”) and the Mun River (as
“impact-site”). Both rivers are similar in ecoregion and physical features, i.e. the Mun-Chi Sub-basin
of the LMB but different levels of water regulations. The two rivers are also located in the middle
migration system of the Mekong Basin (ICEM, 2010). Samplings were conducted every 2 months
between August 2009 and June 2010. Sampling stations were in the lower portions that connected to
the Mekong mainstem and selection was on the basis of accessibility and each station is about 20 km
apart and there were 5 stations in each river, where all the stations of the impact-site were in the
upstream of the dam. During the sampling period, “before” was referred to before the closing all
sluice gates of the Pak Mun Dam (i.e. August and October 2009) and, thus,"after” when the gates
were closed (i.e. December 2009 to June 2010).

Fish samples were collected by using electro-fishing by using an AC shocker (Honda EM 650,
650 watts and DC 220 V), together with the seine net, covered the area of 1,600 m’. Sampling at each
occasion was conducted at least three times because this could be yielded over 90% of the
asymptotic number of species of the studied station (Arthur et al., 2010). Fishes were identified and

counted. Individual samples were measured for total length (mm) and weight (g).
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Fishes, of each taxon, were grouped into “guilds”, i.e. white, black or grey. Samples from the
five stations, of each sampling event, were kept separate but defined as one sampling unit in this
study. BACI analysis subtracts the mean difference between control and impact units before
intervention from the mean difference after intervention (Bried and Ervin, 2011). In RIA, the difference
statistic, or effect size, is evaluated against many (=100) possible sequences of the control-impact
differences to random permutations of the impact-control data to generate a P-value (Edgington and
Onghena, 2007; Bried and Ervin, 2011; Mullowney et al., 2012). In this study, 999 iterations were
applied and the tested variables were numbers and species richness (i.e. number of fish species) of
each guild. Statistical analyses were performed by using Program R (R Development Core Team,
2012), in which the scripts for RIA calculation and graphics were developed by Dr. M. Fukushima,

National Institute for Environmental Studies, Japan.

Results

The total weight of fish samples were 862 kg from 29,646 fish, which the size spectra ranged
from 15 to 541 mm. was total of 124 fish species belonging to 74 genera and 25 families was
captured from the overall samplings. The most diverse families were Cyprinidae (63 species) followed
by Cobitiidade and Pangasiidae (7 species each). It is worthy to note that only one fish sample of
Pangasiid fish (i.e. Pseudolais pleurotaenia) was caught during the intervention in the impacted site
(i.e. the Mun River). The collected species were, then, classified into white, black and grey- fishes for
45, 27 and 52 species, respectively. Among of all the collected species, 41 species appeared in both
rivers either before or after intervention, for example Clupeichthys aesarnensis, Rasbora dusonensis,
R. borapetensis, Barbonymus gonionotus, Hampala spp., Labiobarbus lineatus, Henicorhynchus
siamensis, Osteochilus hasselti, Macrognathus siamensis, Channa striata and Parambassis
siamensis. Detail of the samples viz., presence and absence of individual species both before and
after intervention as well as numbers, total weights and size spectra of individual species in each river,
during the experiment, can be downloaded at http:/mww.agri.ubu.ac.th/fishery/.

Significant differences between before and after intervention were found in numbers (P-value
< 0.01, Fig. 1A) and species richness (P-value < 0.01, Fig. 1B) of white fish. Numbers of white fish in
the impact-site responded significantly to the intervention and were sharply decline after the
intervention was applied. Meanwhile, numbers of white fish in the control-site (i.e. the Songkhram
River) were slightly dropped just after the intervention period, between December and February, but

continuously increased in numbers since then. Species richness values in the control-site were higher



than those in the impact-site in every sampling occasion, which the great differences were obs!ezged
during the period before intervention.

The insignificant results of RIA were found in the numbers (P-value = 0.872, Fig. 2A) and
species richness (P-value = 0.616, Fig. 2B) of black fish as well as the grey fish, which P-values were
equal 0.06 and 0.88 for the numbers and species richness, respectively (Fig. 3A and 3C). This
indicated that there has been no either positive or negative effect of the intervention, i.e. gate-closing,
to both fish guilds. Numbers of black fish in both rivers were changed in the same trend except in
April, when a sharp decline was observed in the impact-site. Species richness of black fish in the
impact-site was quite constant but fluctuated in control-site during the whole studied period. Numbers
and species richness of grey fish were changed in the similar pattern in both rivers. Although
insignificant, numbers of grey fish in the impact-site in October were substantially higher than the
control-site. Meanwhile it was in December that species richness in the contro_l-site substantially

higher than the impact-site.
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Figure 1 The RIA results to (1A) numbers and (1B) species richness of the white fish.
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Figure 2 The RIA results to (2A) numbers and (2B) species richness of the black fish.

Discussion

Changes in fish communities both upstream and downstream of the dam-site are inevitable,
which mainly caused by changes in hydrological and ecological of the river (Kite, 2001).
Classification of LMB fishes into “white” “black™ and “grey” fish guilds, though by local fisher folk, is
highly related to the "ecological” sense and can be used to explain their reaction to changes due to
river damming (Welcomme et al., 2006). In this study, RIA was applied to a time series of response
measures, which obtained from two ecological units, the regulated Mun River as an impact-site and
the intact Songkhram River as a control-site. Meanwhile, the intervention was the closing of all the

sluice gates of the Pak Mun Dam in Mun River. Differences in the observed variable between the two



sites, comparing between before and after intervention, were used in calculation, in whichll?':ISrge

differences provide possible evidence of an effect of the intervention (Murtaugh, 2002).

o (3A)
- a '
E : ° I o 4 .
) : e e o °
LR — y = ;

p=008
A d &
........ F -3
g
A e
i A
3 ¥ ¥ T ¥ 4 |
g Oct ) fab A Jm
» s)
? H o
.
a2+ ® § ] J ]
. i T T Y 1] H T
z 3 prax
: &
. E o a i 4 &
v a s T
-
Y T % ¥ ¥ T
Ay o [, na Ar aum

O courd @ mpact A OWarant
Figure 3 The RIA results to (3A) numbers and (3B) species richness of the grey fish.

-0 Sharp decline of white fish was observed in both rivers after the intervention and could be
. attributed to the hydrological cycle. The water level in the Mekong tributaries always start to recede
and the floodplain dries up from October, therefore, most fish leave the floodplain and the white fish
goes back to the Mekong mainstem to seek refuge in permanent water bodies (Valbo-Jargensen et
al., 2009). Increases in numbers and species richness of white fish during the intervention period
could imply the migration of small Cyprinids such as Raiamas guttatus, Mystacoleucus mariginatus,
Rasbora dusoensis and Paraluabuca riveroi. These fish species are found to immigrate and emigrate

between the Mekong mainstream and her tributary all year round (Jutagate et al., 2005). Moreover,



there are some medium to large Cyprinids, which start to migrate to the tributaries during the”e%riy

rainy season, i.e. May, once there is a cue of strong flow from the tributary (Jutagate et al., 2005;
Baran, 2006). Thus, en masse migration of these fish, which occurred in the control-site, made
significant difference between the two rivers.

Blockage the river has no effect to the black fish either in terms of abundance or species
richness. Fishes in this guild are limnophilic and proliferate in the reservoir condition and/or lowland
river-floodplain systems (Hortle, 2009). As the floodplain residents, blockage along the longitudinal
river course could not make any harm to them as far as the connectivity between the river and extent
of inundated floodplain is still intact (Baran et al., 2007; Welcomme et al., 2006). Decline during April
to June could imply that they moved to the floodplains, meanwhile only one observation of high
numbers at the control-site in April suggesting it might be a type | error on data collection. The trend
in decline in numbers of grey fish after the intervention was similar to those white fish in both rivers,
implying that they were also regulated by hydrological cycle as those white fish. However,
insignificant in differences of before and after intervention implying that they are tributary inhabitants
and are able to adapt behaviorally to altered hydrograph (Welcomme et al., 2006) such as
Barbonymus altus, Hampala dispar, Dangila lineata and Osteochilus lini.

In conclusion, numbers and specie richness of white fish adversely responded to the
intervention at the impact-site, i.e. both variables sharply decline after closing the sluice gates. But
there was no significant impact to numbers and species richness of black- and grey-fishes.
Intervention by damming the river would eventually result in different in species composition between
the intact- and regulated- tributaries, particularly the white fish. Therefore, the technique of opening
the sluice gate for a certain period is benefit to the white fish to immigrate and emigrate between the
Mekong mainstream and her tributaries. The technique could be also applied to other dams in the
basin as an option other than fish ladder. This is because fish ladder has just proved to be success
only for low-head dams in the basin (Baumgartner et al., 2012), but there has not yet any evidence,
showing that the fish ladder can be performed effectively to large dam since the structure need to
cope with massive migrations of the extremely diverse fish species as in the Mekong (Dugan et al.,

2010).
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