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TAAEEIILO LTS, 23 VIO BIEKESR
WCHEBT 2RKADEL L, WELEFIZL > THERY
Fraefiviorly, &2z WilicGh e/ EREH
T bo FMUNC 5 LHAIBOARZ ST IAKIBETH S
KO AER L, AEITRFZERI1Z A TE ik R
AOWTHEFRZ B L TWh, LA LZFOFEMZRERE
EHFTVHSN TV,

LW DFATIZH SN T 5 jRkE - EREERNMEK
I (Zn2ns®c, §°N) 1, KHAERERIZBIT L8
DOFEY 7 & DERERLIKHAERE R OREE OFRMTIC b w5
HIENTED (FrDH (2009), %5 (2008), %5 (2006)
% E)o FRIZT A AEDBIEHO & %, #HATH 2 S HE
IS NDWEC X 2 NA DR {521 T il
WZBWTEWE 70— 0fiE» P72, S OBITHR)
ThbEEZLND,

AR T, EMUNC B B VT 5 5 Esomus
metallicus & Parambassis siamensis O 8°C, 8"N & 54T L,
ERERIREE L OBMRE T L72e SO/RE D LI, A
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1 E. metallicus & P. siamensis DEM4

Rainboth (1996) |Z L 1UIZE, E. metallicus 1% 2 14 #H2)E L,
HEZ75emEE, 7707 by, BEERHE, KA
BHROGHEZL L T2, B CILEERE S 728EIR

DR—AMZLTHEHIZLTWA, P siamensis\I ¥ 71
T4 EFFHIB L, KREIZTomfEE, KAEBHEFY
RHBREG 2 E LT,

2 k% BERRERNMLMEEL ERYHE

ORI, WA ARE L7 H 5 ik
KT 28 a8, AfbTs 22k TEY IS
TWb, ez E AEEEOMTIX, Eke
RELTOFEHRCIHITEAEEDLST, FANHE
HODONIZH3%EL b, 2TV NOEEIHEZ S
EWVIOWEND B, ZD2H8CH BT EWHE ORI
B9 %, 3"NAOILREERICET A EE2 2 &0
T& 2% (MM, 1984 ; Canaba and Rasmussen, 1991). 7
N (1997) 1%, ZERNARILIZ & o TEYHED AT,
FKEEMOHE, EEFEOFMZMEEDL L O AEZOH
ENTEEL L T2,
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PRI CETTOFEII TIT o700 SNOITEH Y 1
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M TH 5,

St1ZRF kM & D%t o 72K (Fig.2), St21d 5
L 727k % (Fig3), St313 Kk & 7 fF K ith (Namxouang
Reseivior) FHL DIl (Figd) T3 5. St4lLidit &k
B o 7 B EMMETH HH (Figs), HI 2T
H Y IEEEE N TV, SESIEERKIZIR - 727k (Fig.6),
St.6ld FIIC AR D WK EAKEE TR SN TWS
(Fig.7) o
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L, H—FT L7 b #E O Y 850 % DeltaV
ADVANTAE % I\ T 8"C, 8"N &M% L 72. FEEto 4T
121X IBM A1 SPSS19 % Fv 72,

I # X

1 EELFOHFE

E. metallicus 13 St.3 DIAF O A S 12 BT (REHER
EOYIHE : 403mm, PR 33mm), P siamensis
(E8t3 & St4ll BT (FARIZ36.8mm, 3.5mm), R
<7 (Fig.8).

Fig.8 $Fifi S 72 E. metallicusue (I2) & P siamensis (17)
Caught E. metallicusue (left) and P. siamensis (right)

Pl S oA 2R oS C T, RS, RN,
e/ Miti % Table 112759 [AA£IZ 8N 12D T Table 2 |2
NERS

E. metallicus D {§LE % b &, WA, #KEALE DI
SUCIL S NI AR THEHEAR 2 AYK & Vo E. metallicus D
3CB LU NOEERFEIL, WFROEHMIZBWTY
P, siamensis £ 1) K E W,

FIH L T2 PR O ERBIIF R R & & b I12fE
W, REEEPZAL T LU REMELIEET 272912,
SPCLSNB L AR £ 8°C-8"NOM BRI & R 7278,
MifE & b BEAE D, 8°C & SUNOMIZAHE R MBI IEFR
OOENLD o7,

RELSPCB LU N OMBEIX, P siamensis DE
DN DRI -0.86 DIEF IRV E DB (p<0.01) AR
OO N2 ENLANCEELRMBEITEED SN o7z,

2 HAEMEFDSESC - 5N
a #HEE
A T & D 85C-5"N M D HI % Table 312753,

Fig.2 St.1ORH KIS & kKIS TRk
Landscape of St.1
(Consisting of lotic and static water)

Fig.5 St4 D5 (ks & ks ciag)
Landscape of St.4
(Consisting of lotic and static water)

Fig.3 St2 O35l (RIS THERD)
Landscape of St.2
(Consisting of static water)

Fig.6 St.5 O3Bl (FKIS CHERD)
Landscape of St.5
(Consisting of lotic water)

Figd4 St3 D35
Rk E, o k7RI CHRER)
Landscape of St.3
(Consisting of lotic and upstrem statie water)

Fig.7 St.6 D&
(FAIg & RIS THEIR)
Landscape of St.6
(Consisting of lotic and static water)
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E. metallicus 1%, St.1® i AW (r=0.63, p<0.05), 41k
B (=071, p<0.05) TIEDOME, St4DHA (=077,

Table 1 5°°C OHFBFITIY, (R (SD), RAMHS & O/ Ml
3"C (average by parts, standard deviation, maximum and minimum)

(AL ¢ %)

ANHARHAT - PR - P — 0 AR BEEL 2 21 7% WERBRIC BT A O Rk -

fafl AL iy SD | wAMH | /Ml

5 1A -26.0 2.9 -20.5 -31.9

E. metallicus | {H1L5% | -28.5 2.0 232 -34.0
g 27.0 2.6 21.8 -33.0

5 A 27.0 2.1 215 -29.9

P. siamensis HILE -32.7 1.7 -29.8 -35.5
B -27.6 2.0 224 -30.5

Table 2 3"NO#MHIT, FE(RZE (SD), fAMES £ OR/ME
8"N (average by parts, standard deviation, maximum and minimum)

(BT %o)

ERAEF R R 199

p<0.01), St.6DHILE (1=0.68, p<0.05) THEHIED
FHEADSH > 720 P siamensis (I NTNLOFRAAM S, HRALT
LEOMENRASNT, 2D HSt3DHA (r=-0.93,
p<0.01) &4 (=-0.83, p<0.01) THE -7

R & 8°C B L U8 N OB TR %% Table 412785, fk
FE"CITM e 2B H UL, mEE & DICHHL
TWLEEERIZAL L TWAZ L2 MATNN0 &b,

RE ESCOMIZIL, St51Z B W TE. metallicus D&
(1=-0.64, p<0.05) &DOMICHELZADOHEDS, St4llB
W C P, siamensis DA (1=0.69, p<0.01) B X U5 (=0.83,
p<0.05) THEZRIEOMBEN A SNZPIMNE, BE A
BIIIRRD Lo 72,

R L PN OIIZIZEEZAHBEIIRD SNk o 7o,

b HREMSEORER
itk Z & OFAFNSEC - SN HEHNCK L 727 F 7

i AL i) Sb BRI | /M %, E. metallicus |\Z 2 \» C Fig.9 ~Fig.18 (2, P. siamensis
‘%W 79 16 109 49 12OV T Fig19~Fig2212, ZNZNR, $7:Tables
E. metallicus v‘ﬁg% 6.1 23 10.6 2.3 AR O 8°C B £ OSSN O, EE A
| | o) 97 2 HERIHE &R0 2O hCHBIN: b O i<,
e 122 09 27 102 FZREHEIZBWTY, E metallicus D 3 C XN |2
P. siamensis | {H{LE& 9.4 1.6 11.9 5.4 . e e .
Y 06 o 6 s AR B X ORI ONT Y F 25K E Do 72,
2 Z T E. metallicus DS CIZ DWW Tl N5, St.1DF
Table3 §°C & 8"NDOHIBIIRE
Correlation coeffient of 8°°C and 8"°N
AL St.1 St.2 St.3 St.4 St.5 St.6
A 0.63" -0.51 0.77" 0.22 0.40
E. metallicus HILE 0.71° -0.13 0.59 0.07 0.68"
T 0.43 -0.53 0.52 0.18 0.27
A -0.93" -0.06
P, siamensis HiLE -0.17 -0.56
H -0.83" -0.02
HEHIAEEAREES%, ITERKIE1Y%
Table 4 K& & 5°C - "N OHIBRE
Correlation coeffient of body length and 8"°C - §"°N
g%g ffd A St.1 St.2 St.3 St.4 St.5 St.6
A -0.30 0.51 0.07 -0.60 0.15
E. metallicus THALE -0.09 -0.08 -0.06 -0.58 0.22
siC il -0.54 0.27 0.08 -0.64" 0.22
A -0.13 0.69°
P, siamensis HALE 0.01 -0.17
F -0.26 0.83
A -0.51 -0.32 -0.19 -0.43 0.14
E. metallicus AL -0.03 0.26 0.37 0.14 0.33
. il -0.21 -0.42 -0.49 -0.02 0.29
A 0.25 -0.11
P, siamensis HILE -0.59 0.09
H 0.41 -0.23

T * A EKAES%, **ITHEKIEL%
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Fig.9 #BALPISVC (St.1, Esomus metallicus)
e by parts (St.1, Esomus metallicus)
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Fig.11  FRACBIS7C (St.2, Esomus metallicus)
3"C by parts (St.2, Esomus metallicus)
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Fig.13 #7518 C (St.4, Esomus metallicus)
3"C by parts (St.4, Esomus metallicus)
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Fig.10 #3075 8"°N (St.1, Esomus metallicus)
8N by parts (St.1, Esomus metallicus)
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Fig.12  #75)8"°N (St.2, Esomus metallicus)
8N by parts (St.2, Esomus metallicus)
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Fig.14 F7518°N (St.4, Esomus metallicus)
8"N by parts (St.4, Esomus metallicus)
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Fig.15 #7518°C (St.5, E. metallicus)
8"C by parts (St.5, E. metallicus)
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Fig.17 #7518 C (St.6, E. metallicus)
8"C by parts (St.6, E. metallicus)
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Fig.19 #7518 C (St.3, P siamensis)
8"C by parts (St.3, P. siamensis)
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Fig.16 #IBI8 N (St.5, E. metallicus)
3"N by parts (St.5, E. metallicus)
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Fig.18 #{75I8"N (St.6, E. metallicus)
3"N by parts (St.6, E. metallicus)
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Fig.20 758N (St.3, P siamensis)
8"N by parts (St.3, P. siamensis)
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EFAS| R
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1 2 3 45 6 7 8 910 1 23 4 5 6 7 8 910
A5 k27
Fig.21 #BI8°C (St4, P. siamensis) Fig.22 #MIBIS N (St.4, P siamensis)
3"C by parts (St.4, P. siamensis) 3"N by parts (St.4, P. siamensis)
Table 5 Hb258"°C - "N DFEaIHEH
Statistial value of §"°C « "N by station
SR . - g T o o - .
EEDALS T4 o 1S va Sy (e IEIN i i pH EE R S-W
HF -26.3 2.3 233 -29.6 6.3 -0.3 -13 | 0.387
St.1 WALE -27.1 1.9 2232 -29.9 6.7 0.6 0.6 | 0810
WA 257 3.0 222 -29.9 7.7 -04 -1.9 | 0.045
HF 273 1.4 24.6 -28.9 43 1.1 0.4 | 0.190
St.2 WAL -28.9 1.3 -26.6 -30.9 43 0.1 -0.5 | 0931
A -26.5 1.3 -24.6 -28.6 4.0 -0.1 -0.9 | 0.745
28 -29.9 2.4 -26.5 -33.0 6.5 -0.0 -13 | 0412
E. metallicus St.4 WALE -30.3 2.1 2275 -34.0 6.5 -0.6 -04 | 0610
A -28.7 2.5 244 319 7.5 0.3 -0.6 | 0.695
5 -27.0 1.8 243 -30.1 5.8 0.0 -0.1 | 0.662
8"C St.5 WALE -28.7 1.5 -26.1 -31.9 5.8 -0.6 20 | 0.663
HA -27.0 1.4 -24.8 -28.8 4.0 0.6 -0.8 | 0.289
G 24.6 2.0 218 -28.6 6.8 -0.8 03 | 0571
St.6 WAL -27.5 1.8 -30.6 -30.6 4.9 -0.9 -0.5 | 0.073
HA 224 22 276 276 7.1 2.0 34 | 0.001”
H -28.6 1.6 259 -30.5 4.6 0.5 -0.8 | 0.397
St.3 HALE 2329 2.0 -29.8 -35.5 5.7 0.5 -1.0 | 0.441
) . i -27.9 1.7 2252 -29.9 4.7 0.4 .12 | 0368
P. siamensis N
] -26.7 2.0 224 -28.9 6.5 13 13| 0.109
St.4 WALE 2324 1.4 -30.4 -34.5 4.1 0.1 -1.0 | 0.826
A -26.0 22 215 -28.8 7.3 0.9 0.6 | 0519
H 7.1 2.0 9.3 25 6.8 -14 23| 0.079
St.1 HALE 5.5 1.6 8.5 3.1 5.4 0.4 -0.0 | 0.936
A 8.7 1.2 10.2 6.7 3.5 -0.7 -0.9 | 0234
& 7.1 0.7 8.3 5.9 2.4 -0.3 0.1 | 0.942
St.2 WALE 4.9 1.1 6.0 2.5 3.5 .12 0.7 | 0.054
A 8.4 0.8 9.9 7.1 2.8 0.3 -0.5 | 0.893
& 8.7 0.7 9.7 7.8 1.9 -0.2 .13 | 0471
E. metallicus St.4 WALE 8.4 1.9 10.6 5.5 5.1 -0.6 -12 | 0.144
A 9.8 0.9 10.9 8.2 2.7 -0.4 -0.5 | 0.720
G 6.1 0.8 7.2 49 2.3 0.2 -1.1 | 0.676
5N St.5 HALE 7.5 1.4 9.4 5.5 3.9 -0.3 -1.1 | 0531
A 3.2 0.7 7.1 49 22 -0.6 04 | 0537
(e 4.9 0.5 5.6 4.2 1.4 -0.1 -1.4 | 0.155
St.6 WHALE 43 22 9.5 23 7.2 1.5 23 | 0042
A 6.4 0.7 7.4 5.0 2.4 0.7 -0.6 | 0811
H 10.0 0.6 10.6 8.8 1.8 -1.0 03 | 0222
St.3 HALE 9.0 1.3 11.3 7.0 43 0.2 -0.8 | 0.891
. . iG] 11.7 0.8 12.6 10.2 2.4 -0.7 -04 | 0358
P. siamensis e
] 11.2 1.0 12.6 9.2 3.4 -0.4 -0.2 | 0.904
St.4 HALE 9.8 1.8 11.9 5.4 6.5 -1.7 4.1 | 0.058
A 12.8 0.8 13.7 11.2 2.5 -0.7 0.4 | 0.562

¥ 1 1 P9 S-W I Shapiro-Wilk #i5E & 153
2 H T EAKUESY, I EKIE 1% % FT
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AW THIUE, EFT 10X 12-29.4% DIENMEZ 7573
Tk DSd 5 —77T, BUEESTD X 9 12-222% D E M E
rRTEL H D, SO UMEETH-TH, HEE
B2 X )R DONT Y FRREVD DL AD
N7z (Fig9)o 5 OB 2 & ONI A — R AL
DNTOEIE, St4TLHARLN (Figd3),

ZAUZXS L Cst.2 (Fig.11), St.5 (Fig.15) (3 ILsEc i K R
BRI DN T Y FH /NS vy, 2O Z &1L Table 5D
WHE(RAE 7 D B EFA T & 5, Table SIZBWTHILED
R AL 2B & D NS o 72, Steld, SPC oK
fEfk & mEdRIz 27z (Figd7) .o

c 8"C-3°Nv vy &R - FiofE

Fig.23 (2R A&t sT 45 D jk 5 — B R ERNAR T Ai % 7R
o E. metallicus DS CIZH B DI/NT Y FATK & W,
F oINS 0 DS AL NIz, DR
IZ2oWTIEBIET %,

A T & IZE. metallicus DA, HILEB X OV
DICLINDL AN T A% L, Fig2dD X 912
EFGAHLTB EREZIZC W DDA LN, 2D
72, F O OIEFMEE M L 721250 Hk & i
EL, QFNENOHKFEIIS LT THEEOBG =
T, @ZEILBIC LY EOREMSICEEE=DPEE

15
A, A
19 A ‘/A_AAA-\ LN B E. metallicus, St.1
. - u A‘ﬁl L B E. metallicus, St.2
3o = =|.. & A P. siamensis, St.3
= o™ & W _w | AP siamensis, St.4
£ mg = N n= )
6 5 nE-m = m| ™E. metallicus, St.4
mm E. metallicus, St.5
3 B E. metallicus, St.6
0
-35 -30 =25 -20
S13C (%o)

Fig23 3“°C —8"N~ v 7 (fA)
3"C — 8"N'map (muscle)

8—

p
(U T \ 1 T
360 320 -280 -240 -200

R® %0)

Fig.24 E. metallicus fiiA D §°C 54 (St.1)
8"C distribution of E. metallicus muscle (St.1)

TE»ERHET S L7

Shapiro-Wilk #5%€ 2 TV IEB 2 MREE L 72 & & A,
WD CIZDWTIEStl & St6llBWTIER AT 5
LWV IR ATFEH S e (FNENEIZ, p<0.05,
p<0.01)o [EFEICTHILE DS NIZDWTSteIZBWTIE
WA 5 L) RIEGHATEE Sz (p<0.05)o i
WP 8"°C % Kruskal Wallis iR 7E % 17 o 72k B, A EE=N
572 (p<0.01)o Steel-Dwass D /712 & ) £ & Lk
BATo728 A, StelIMDETOFRAEH LI L TH
HEICE o7z (p<0.05)o FBRIZTHILE DS NIZOWT
DAEBENPRLSI (p<0.01), Steel-Dwass D Jikiz kD
LB T-o72L 2 A, St4lEstl, St2, St6lix LT,
St5iEst2icx L CENENAEICE D - 72 (p<0.05)0
E. metallicus D 1 HL 545 L TW72ER47 + B IZ D W
TR EM %, S5 Tidkh o724 - "NIZow
TlXDunnett T3DHHEIC LY, ZOAlIZ Tukey D I
X0, FNENLE L4572 (Table 6 ~Table9),
P, siamensis (FiAB L VE) D8°C, S"NDOFIMELC
ONWTHHRERIT-72E 2 A, WEFN L St3-St4fIH
BAEERO N o T,

d KBRS CEHERE

St.1 75 St.6 £ T E. metallicus D 8 CHEHEAFZEIZ A S N
7oEE A, Bl BHFIH, FRIKIRO R - R
DB DD EF 2, BREERE AL E 35 EMG
M EAT - 720 BARIYIZIZ, HARDBRKMA OB EEE
FIEIZIT Ikm A CTH 5 & DHANELN T L & h
5 (WHHS (2006), kS (2006) 7% &), HLZELHE%
b S AP 1km PLN O R & SRAT L, K TR AR
WA, Wit %, K& Z2KE (F2mlll) OILE,
KERERMOE M, FEO RN SIALERE L,

A OSCHERERAEZ HEKE L, L+ EE
LCEARMEIT o728 25, KHEREE (B=0.565,
p<0.05), bEREE (B=0.836, p<0.05), K& =KD
LR (B=0.655, p<0.05) % FHHZH L 3 2 ERJFAH
BoHh7 (R=0.998)

F oI EOS CEEREY HIEKE L
CTHEERIH 2T o728 25, KHEKZE ($=0.894,
p<0.05) WhfE=E (B=1.390, p<0.05) % FlIZ%EE
AENFADE SN2 (R=0.938),

BFDC, TS NIZOWTITHEE 2 ERE
NlIEFESNL o7,

Vv £ =

1 REBRREEEM

St.ATEAN & 72 E. metallicus D A OF-8"N1Z9.8%,
P. siamensis1312.8%0, MHDZEIL3.0% &>/ 2D
FIREEEO 14T %,

P, siamensis (IRNEZ % E) ZRHEBEZETE W15,
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Table 6 3"C D TVIIZEDH IR (E. metallicus-JHALE) *
Significance probability of 3"°C average difference
(E. metallicus-digestive tube)

St.1 St.2 St.4 St.5
St.1

St.2 0.19

St.4 0.02" 0.40

St.5 0.31 1.00 0.25

St.6 0.99 0.42 0.01" 0.60

Table 7 §8"C OFHEDHEMZE (E. metallicus- &) *
Significance probability of 3"°C average difference
(E. metallicus-bone)

St.1 St.2 St.4 St.5
St

St.2 0.80

St.4 0.00” 0.04"

St.5 0.95 1.00 0.02°

St.6 0.31 0.03" 0.00” 0.08

Table 8 3"NDFIGEDH MR (E. metallicus- i 1A) *
Significance probability of 8"°N average difference
(E. metallicus-muscle)

St.1 St.2 St.4 St.5

St.1

St.2 1.00

St.4 0.24 0.01"

St.5 0.80 0.07 0.00”

St.6 0.06 0.00” 0.00” 0.01"
Table9 3“NOF M (E. metallicus- &) **
Significance probability of 8"°N average difference

(E. metallicus-bone)
St.1 St.2 St.4 St.5

St.1

St.2 1.00

St.4 0.24 0.19

St.5 0.91 0.99 0.48

St.6 0.09 0.00” 0.00” 0.00”

1 D 1E Tukey O F53E, ** 13 Dunnett T3 D HEIC & 5

E. metallicus (& 2L & D) KBRS 1RW—KIHEE, §
LhbEETHL I ENHL IR o7z E metallicus
DHLENEWHE IR T 7> 7 LR TFT MY ¥ A
WRWEZE N7 (Fig2s M, £%ER) 220z
LEFFET D,

2 WMWEDSC - 5 NIFHNEN

AR L 3 8°C DIEHERAIZS NI Y K&V, 2oz k
&, AR ERER T 2 A ORIETH L EEZ D CIC
RSB DL LR RLTWD, S OEIE UL ERHIT,
FFEROEND 5\ ILFE— I EFHN O CIRZETH %,
E. metallicus D §°C £ 3"NDOMI1Z1%, St1, St4B LV
StOIZBWTHEZRIEOHBENALNZ—FHT, St2i2

(VI TmD—FH)

Fig.25 E. metallicus DWALENEY) (R, H£I3EH)
Digestive tube contents of E.metallicus (Morioka, unpublished)

(¥ FegEo—FfH

BOWTIXEOHBEMNA STz E metallicus O 542 BL s
B2 THDLILns, koA EZDSCLI®ND
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8"C of bivalve in pond A (Mori et al. (2007), recasted )
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8"C distribution of bivalve (Mori etal. (2007), recasted )
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Characteristics of Carbon and Nitrogen Stable Isotope Ratios of Fishes Living in an
Environment Free from Human Influence

-Investigation of Diversity of Aquatic Environment in Agricultural Canal System in Laos-

MORI Atsushi, MORIOKA Shinsuke, KOIZUMI Noriyuki, Bounsong Vongvichith, WATABE Keiji and
NISHIDA Kazuya

Summary

We investigated Carbon and Nitrogen isotope ratio of Esomus metallicus and Parambassis siamensis that are

common freshwater fish species inhabiting the Mekong River in Laos. Our findings in this study were as follows :

[1] E. metellicus fed phytoplankton, even though the previous study reported that this species preferred
zooplankton and terrestrial and aquatic insects..

[2] Carbon isotope ratio of E. metellicus suggested that the fish feed had endemism of ecological niche, that is
what environment and organic resource the fish utilized, in accordance with the habitat.

[3] Evidence for changes of food resources and trophic levels along with growth were not detected for both
species.

[4] 8"C of phytoplankton was widely distributed due to the influence of diversity of growth environment. §"C
of E. metellicus as primary consumer in ecosystem reflected the diversity. However, standard deviation (SD)
of 8"°C for P. siamensis was lower than E. metellicus because the differences among §'"°C of primary consumers
were offset.

[5] We derived multiple regression equation (R’=0.998) based on muscle 8"°C of E. metellicus as objective
variable and area ratio of paddy fields (p=0.565, p<0.05) and ponds (p=0.836, p<0.05) and length of wide
canals (B=0.655, p<0.05) as explanatory variable. Further, another multiple regression equation (R’=0.938)
was derived using SD of digestive tract 5"°C of E. metellicus as objective variable and area ratio of paddy fields

(B=0.894, p<0.05) and area ratio of ponds (B=1.390, p<0.05) as explanatory variable.

Keywords : Carbon stable isotope ratio, Nitrogen stable isotope ratio, Environmental element, The Mekong River,

Habitat diversity





