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Abstract The effects of small weirs on freshwater fishes of little or no commercial value

have received scant attention, despite the enormous volume of literature on the negative
impacts of dams and weirs on fishes generally. The distribution and movements of the
endangered bagrid catfish Tachysurus tokiensis in a rural area on the Kanto Plain, Japan
were examined, focusing on fish mobility and the effects of small weirs on local abundance.
Thirty survey stations were selected along 3 tributaries of the Koise River (feeding Lake
Kasumigaura). There were 20 weirs, of which 8 functioned only during the irrigation
period from late April to early September. Catfish were caught by electrofishing along 25
m of stream length at each station in December 2010, and April, July, and October 2011. In
total, 483 catfish were caught (average 4.4 fish per survey). Catfish were recorded in all
four surveys at 15 stations (50%) and at least once at 27 stations (90%). Of 298 catfish
individually marked with elastomer color tags, 12 were recaptured once and 2 twice at the
same station as the first capture. Analysis of the relationship between numbers of catfish
captured and environmental factors using generalized linear mixed models (GLMMs)
suggested that the number of downstream weirs might have negatively influenced catfish
numbers, whereas vegetation cover, bottom material, gap height of weirs, and velocity had
little apparent influence. The results suggested that 7. fokiensis showed little mobility and
occurred widely throughout the river system, although possibly being negatively affected

by weirs.
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Fig. 1. Study area (southeast corner coordinates:
36°12'N, 140°13'E). Thirty survey stations (+) were
established along the Kawamata (KW-01 to 15), Ogawa
(OG-01 to 08), and Ujie (UJ-01 to 07) tributaries of the
Koise River, Ibaraki Prefecture, and a supplementary
survey undertaken at 4 stations along the Koise River (KS-
01 to 04). Solid triangles and circles indicate fixed and
seasonal weirs, respectively. White areas indicate mostly
rice paddies and shaded areas are other land use, such as
crop fields, residential areas, or factories. Contour lines
indicate 50 m elevation intervals.
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Table 1. Basic features of the Koise River tributaries

Tributary Length  Altitude at connection Altitude at most ~ Average slope No. of No. of
(abbreviation) (m) with Koise River (m) upstream end (m) (m/100 m) fixed weirs  seasonal weirs
Kawamata (KW) 6,082 9 28 0.31 4 5
Ogawa (OG) 2,912 18 32 0.48 0 2
Ujie (UJ) 1,756 21 30 0.51 8 1
Ujie (UJ)* 844 21 24 0.36 1 1

*Only data from survey stations in the downstream half of UJ used for statistical analyses.
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Fig. 2. Photographs of typical weirs. A. Simple seasonal weir, formed by steel plates supported by
concrete bases (OG-w1). B. Seasonal weir comprising a rubber tube inflated during the irrigation
period (KW-w5). C. Seasonal weir comprising a steel gate with a float and weight for controlling the
upstream water depth without a power supply (UJ-w2). D. Fixed weir (UJ-w7).

Table 2. Features of weirs along the Koise River tributaries

Weir ID Weir type  Upstream depth (cm)  Gap height (cm) Downstream depth (cm) Remarks
KW-wl Seasonal 61 52 79 Steel plates
KW-w2 Fixed 51 58 4
KW-w3 Seasonal 87 57 62 Steal plates
KW-w4 Seasonal 80 81 63 Steel gate
KW-w5 Seasonal 87 168 86 Rubber gate; see Fig. 2B.
KW-w6 Fixed 8 28 66
KW-w7 Fixed 6 54 96
KW-w8 Seasonal 94 180 5 Steel gate
KW-w9 Fixed 4 15 43
0OG-wl Seasonal 84 60 35 Steel plates; see Fig. 2A.
0G-w2 Seasonal 58 38 30 Steel plates
UJ-wl Fixed 6 137 15 Large drop to Koise River
UJ-w2 Seasonal 112 135 4 Steel gate; see Fig. 2C.
UJ-w3 Fixed 7 41 52
UJ-w4 Fixed 6 40 49
UJ-w5 Fixed 6 35 56
UJ-wo6 Fixed 5 42 51
UJ-w7 Fixed 4 91 38 See Fig. 2D.
UJ-w8 Fixed 4 95 31
UJ-w9 Fixed 3 14 40

Weirs numbered along each tributary from connection with Koise River. Seasonal weirs are head works raised only from late April
to early September, to supply water to the irrigation system. Fixed weirs are groundsills, comprising concrete bases on upstream
and downstream sides of a drop dissipater. Gap height - height from downstream water surface to top of weir at usual water level.
Gap height and water depth determined as average value of measurements at three points along each weir.
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Table 3. Environmental features of survey stations in relation to the Koise River tributaries
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Steel-Dwass test’s P

KW-0G  KW-UJ

0.007**

Kruskal-Wallis test

Tributary abbreviation

0G-UJ

uJ

oG
0.128 (0.002)

0.115 (0.013)

KW

0.133 (0.012)

Measurements

0.018*
0.007**

0.350
0.712

0.005**

10.663
11.531

Electrical conductivity (mS/m)

Vegetation cover ratio

0.002%**

0.003**

1.9 (1.9)

2.2(3.0)
5.7(2.5)

4.5 (0.6)
0.0 (0.0)

2.6 (1.5)
0.2 (0.5)
4.4 (3.0)
44(3.2)
4.6 (1.8)

0.105

0.156

0.074
0.006**

4.513

Concreted-bottom ratio

3.721

7.0 (2.1)
2.0 (2.1)

Sandy-bottom ratio

5.210
10.105

1.2(1.3)
2.6(1.2)

24.9 (5.6)

27.3 (17.9)

Stone-bottom ratio
Stream width (m)
Water depth (cm)
Velocity (m/sec)

0.033* 0.601

0.025*

3.1 (0.6)
27.3 (7.4)
343 (8.5)

0.195
0.417

3.272

1.748

8.074

12.372

36.1 (15.6)
36.0 (9.9)
3,090 (2,097)

0.414

0.047*
0.027*

0.080

0.018*
0.002%*

437 (273)

1,408 (1,106)

Distance to Koise River (m)

0.858
0.002**

0.001%**

1.4 (0.5)
136.2 (1.1)

1.1(0.8)
36.8 (24.9)
29.9 (5.3)
45.0 (27.8)
31.8 (6.0)

4.6 (2.6)

Number of downstream weirs

0.276
0.025%*

0.206

0.017*

8.190
10.567

84.0 (60.7)

Gap height of 1st downstream weir (cm)

0.002%*

0.121

0.005%*
0.034*
0.058

10.7 (6.4)
136.2 (1.1)

53.8 (30.8)
112.2 (62.2)

Downstream depth of 1st downstream weir (cm)

0.981 0.0071***

0.133

6.745
5.711

Mean values given with SD in parentheses. Statistical tests carried out for seasonal means to cancel out repeated measures at each survey station. Steel-Dwass test executed only when

Kruskal-Wallis test significant. ***P < 0.001, **P <0.01, *P < 0.05.

Largest gap height of downstream weirs (cm)

10.7 (6.4)

44.2 (36.9)

Downstream depth of largest downstream weir (cm)

MEX 16 FIOFHHELERD S B 14 AlIEHF L HIC, 5K
%2 MIERICHRIE I Nz, FAER A IZ T XT
RYIOHEH S LA Th - Iz

BRRAREOIRICKZEL REFHHOIMT
& DIE & BB KSR 7% Table 3 1C/R L7z (FEHi
ZAEDBW L WVIKIE & pH ZFR <), AR E LI
KFLHEBICUMAIETE o 72h, ZFHEMO
EWEIEETH D (Kruskal-Wallis rank sum test, i’
=10.663, P = 0.005), Steel-Dwass i£1c &% L &E
BOFER, NI (0133 £ 0.012mS) TiE/MII
(0.115 £ 0.013mS) KO HEICHL (P=0.007),
FHRAN (0128 £ 0.002mS) TE/NIKXDAEE
@M o7z (P=0.018) A, JIIXJIEFHERID
MR BAEEZEZRZ R o7 (P=0350). AEHAHE
WKEZHRBTHEEREVWDSH D (Kruskal-Wallis
rank sum test, ¥’ = 11.531, P = 0.003), Z & RO
BTN @5 £06) THXII (26 £ 1.5 P=
0.002) BEUFHESN (1.9 £ 1.9, P=0.007) X
DEFREICEL, NXINEFBENOMICIE AL
ot (P=0.712). KEEFHEICOWTIEE
W THEREVWZ D - 2.

EKEICDOWT, BETRE>TZEDD, )
SNTIEREIED, DITIERRIED, FHEB)IT
Farv ) — NENKNZ o To. BB
AU Ao Te. WOV R R 2 R 9 5
HHMED > BKEEIEICORLHRETEREAND D
(Kruskal-Wallis rank sum test, x* = 10.105, P = 0.006),
INIEFHEENORICITEE AN B> E DD
P=0601), JIXJI (46 = 1.8m) /NI (3.1
£ 0.6m, P=0.025) BLXUTFAES/ 2.6+ 12m,
P=0.033) KOERICIENS .

KA I B B HEOHIE IS DOV T E T
MTEVNDH > % (Table 3). FH{HRY OHED
EAFTIBEEN (1362 £ 1.1 ecm), JIIXJIl (84.0
+ 60.7 cm), /NIl (36.8 £ 249 cm) DIHIC K E
< (Kruskal-Wallis rank sum test, 3° = 8.190, P =
0.017), /NIIEFHRIBNOMICHEREE (P=0.002)
Wbtz ZDED FHRAKEE)IXI (53.8 =
30.8 cm), /NIl (299 £ 53 cm), FHEE)I (107
+ 64cm) DIEICKEL, 2k LTHEREN
HH O (Kruskal-Wallis rank sum test, x> = 10.567, P =
0.005), JIIXJIEFWES)NOM (P=0.024) B
/NI EFIBERNOM (P=0.002) DEVWHEE
THol. FHRAIOEDRKEZETFHER)I
(1362 = 1.1 ecm), JIIXJII (1122 £ 62.2 em), /I
JIl (450 + 278 cm) DJEICKEL, BETHD
(Kruskal-Wallis rank sum test, * = 6.745, P = 0.034),
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Table 4. Numbers of Tachysurus tokiensis captured and environmental features at each survey station

Station NO'. of catﬁsh n No. of down- D1star.1ce t0. Stream  Water depth  Velocity Vegetjcmon Bottom
ID winter/spring/ stream weirs cm@ect{on with width (m) (cm) (cm/sec.) cover index material
summer/autumn Koise River (m) (0-10)
KW-01 4/3/0/6 0 12 9.4 24.6 44.4 2.8 Stone
KW-02 0/2/6/0 1 84 6.8 60.2 21.0 1.3 Sand
KW-03 -/9/11/1 2 841 43 65.0 57.1 4.5 Stone
KW-04 1/0/0/4 3 907 5.5 51.8 34.9 4.7 Stone
KW-05 0/4/2/2 3 2,419 4.0 25.8 41.1 3.5 Stone
KW-06 0/1/0/0 4 2,543 6.2 389 389 0.6 Stone
KW-07 2/10/8/3 4 3,089 4.5 323 29.6 5.5 Sand
KW-08 1/7/3/0 4 3,718 3.6 33.6 32.1 3.6 Stone
KW-09 5/6/0/8 5 4,084 4.1 49.3 37.2 0.0 Stone
KW-10 1/3/3/3 5 4,294 4.1 34.7 334 2.1 Stone
KW-11 4/8/7/8 6 4,531 33 473 245 1.3 Sand
KW-12 1/2/4/7 7 4,930 4.7 12.8 51.4 2.3 Stone
KW-13 0/3/3/0 8 5,831 2.5 247 35.2 43 Sand
KW-14 0/0/0/2 8 5977 2.6 19.9 36.2 3.4 Sand
KW-15 0/0/0/0 9 6,082 3.3 21.3 23.6 4.2 Sand
0G-01 3/3/22/16 0 4 33 20.7 33.6 44 Sand
0G-02 18/19/5/10 0 293 3.0 23.8 33.6 4.0 Sand
0G-03 1/3/8/3 1 420 3.7 32.1 342 44 Stone
0G-04 9/1/9/8 1 1,119 3.1 383 27.7 52 Sand
0G-05 4/1/3/0 1 1,823 24 20.9 522 5.0 Sand
0G-06 3/1/5/12 2 2,145 4.1 239 249 6.1 Sand
0G-07 1/4/2/1 2 2,552 32 21.7 39.1 5.6 Sand
0G-08 2/7/6/8 2 2,911 2.4 37.3 29.2 5.8 Sand
UJ-01 2/0/2/2 1 124 1.2 18.6 53.0 42 Concrete
UJ-02 6/5/8/9 1 272 1.8 26.4 32.1 3.8 Concrete
UJ-03 3/11/8/2 1 426 23 33.2 8.1 0.0 Sand
UJ-04 6/1/8/8 2 520 4.0 25.2 12.7 0.0 Sand
UJ-05 9/3/17/7 2 844 3.5 213 30.3 23 Sand
UJ-06 0/0/0/0 8 1,679 2.1 13.9 31.8 2.2 Sand
uJ-07 0/0/0/0 9 1,756 1.5 20.8 26.1 3.1 Sand

KW-02 not surveyed in first season, winter. Data from UJ-06 and UJ-07 not used for statistical analyses. Seasonal averages given
for stream width, water depth, velocity, and vegetation cover index; bottom material - most dominated type at survey station.

ZHEILIROMER TN E FBRNN OB O N
BETHolz (P<0.001). ZDfthoHE o & fE
b PRI OED FFAKE, RKEE
DOHED FHBIKFES K T _EFBIKEFEICOWTIEE
FETHERRZ R o .

SN EFBRBNNTIEEEZN 1 m 2B A 2 0]H)
BEAHEI3HEDD (Table 2), ZOHR, ThHoD
AEED LN % 6 B A D 5 B 4 i
(KW-06, 09, 10, UJ-04) TH]EHHEN LIF 5T
T EZEOIKENZ DR OE « ROKFED 1.5 £
PlkEixb, Nwoot—42— (ELEFICES R
KR OEHWNICH >IN b4

HiL T ATEED EFRANCH > TENY T+ —
2 —#HiHNTH o 7z 14 H5 & LR TEFEDOKEHE
MHEBICEL (772 £ 17.7 cm vs. 30.2 £ 18.8 cm,
Wilcoxon rank sum test, W = 54, P = 0.003), {fiEMH

HiTED > 7z (12.6 £ 11.1 cm/sec. vs. 30.4 £
16.4 cm/sec., Wilcoxon rank sum test, W =9, P =
0.046).

FNFHEBOLZRICLSEN 230 HIHD
5527 MiFATIE T EILLE, 15 Hi T 4 X
TTFENAFDHES N7z (Table 4). FRETEHT
SR L TeFiaa )l LEs 2 MRz BR< &, 1
[\ & S N o Tz D) X LR &R 1 i
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Table 5. Numbers of Tachysurus tokiensis captured in relation to the tributary and season

Tributary Winter Spring Summer Autumn Mean Total
KwW 1.4 (1.7) 3.934) 3.1(3.5) 2.9 3.0 2.8(3.1) 168
oG 5.1(5.8) 4.9(6.1) 7.5(6.3) 7.3 (5.6) 6.2 (5.8) 198
uJ 52(2.8) 4.0(4.4) 8.6(5.4) 5.6(3.4) 59 (4.1) 117
Mean 32(3.9) 42(4.3) 54(5.2) 4.6 (4.3) 4.4 (4.5)
Total 86 117 130 483
Mean values given with SD in parentheses.
Table 6. Estimates of coefficients in GLMMs of which delta AIC less than 2.0
Number of Season of survey Gap height Ratio of G,ap Downsiream Ratio of
Model downstream . of Str.eam sandy height — water Stone  AIC Delta
weirs pring Summer Autumn Jargest weir width bottom of ﬁ.rst depth o.f bottom AIC
weir  first weir
1 -0.512%** 0.370 0.569* 0.446* 554.6 0.0
2 -0.505%** 5554 0.8
3 -0.673**  0.378 0.572* 0.451*  0.209 555.6 1.0
4 -0.499%*  0.364 0.579%* 0.432 0.065 5563 1.6
5 -0.515%**  0.351 0.541* 0.441 -0.073 5563 1.7
6 -0.512%%* -0.131 556.4 1.7
7 -0.660%** 0.202 556.5 1.8
8 -0.771*¥* 0383 0.573* 0.449* 0454 -0.237 556.5 1.9
9 -0.530%* 0373 0.575* 0.445* 0.043 556.5 1.9
10 -0.504**  0.367 0.570*% 0.443* -0.031 556.6 1.9
11 -0.520%* 0370 0.569* 0.447* 0.021 556.6 2.0
Maximum  -0.413 - 0.714 0.105 0314 0329 0.188 0.252
Minimum  -0.846 - -0473  -0.228 0.045 -0.283 -0.039  -0.100
10V 0.946 0.589 0.442 0.343  0.330 0.321 0302 0.292

Fixed effects sorted based on IOV (relative Importance Of Variance), calculated as sum of Akaike weights in models where a vari-
able included. Type of first downstream weir, (IOV = 0.322), not listed because not selected in any top models. Base category of

season: winter. ¥*** P <0.001, ** P<0.01, * P <0.05.

M O(KW-15) DR TH- . HEHRGEHNTED
1[E2Y 0 ORI 44 + 45 KA TH - Tz,
B RHEENZ/ IO 0G-01 131 % E D 22 itk
T, #AEHAY D DGR 0G-02ICEIT)
%52k TdH otz 1m0 OREEE ZFHT
LICH B L, ZWIEIC/NIT 62 £ 58k, F
BT 5.9 = 41 @6k, NIIX)INT 2.8 & 3.1 Atk
TH o7 (Table 5). XiRD Iz FENR, #H#E
i > X LR &9 % GLMM DFER, /I
EFBRBNOBICIEEERZE Mo o, NI
TOMELIZ/NI (P=0011) EFHE2I (P=
0.030) KO &EERICPEIoT. Fiz, DT
FEER 32 FOFHBETENNF BB I N AL T2
DIF1THIED 1 EOH 3.1%), FIHE)ITIE 20
[EFR 1 EDFH (5.0%) THolzDIicH LT, JIIX
JIITE 59 g 20\ (33.9%) THbH, T DERHE

DEEDOILREIFZTRICEL>THEICRER - 2
(Fisher DIERERERMIETE, P=0.0002).
1[EE D OfEEE, JIIXTRE B2, #,
ZDMICZ > TzDICH L, /DITEFIBRITIE
2, B, %, HOIETH -7z (Table5). BT/
79 F— 2 —AIC A o oS Tld g n s <
TOTAREEN D B DT, Ny r7Ir—%2—N (4
Hig) ZznLIs (4 #i5) O THIERZ L
BLIzE T A, BEDODHANEZH2TZEDDENVI
HETWEZEh o7 (2.8 £ 38 Mk vs. 5.1 £ 45
&, [Fl & % # & U 7= Wilcoxon rank sum test, Z =
-1.023, P=0.334). H& D BICHEEDN DG
7ZINXINCE > THFEMETH o7z (1.0 1.7 A,
n=3vs.3.1+30ff{k,n=7, FEEEZEZEL IR
Wilcoxon rank sum test, Z=-1.072, P =0.401).
FNFHEZRLBAMREEZEROEFE GLMM
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Fig. 3. Frequency distribution of standard length of Tachysurus tokiensis captured in the three
tributaries of the Koise River during the four survey seasons (7 = 483). Minimum and maximum

sizes were 8 mm and 210 mm, respectively

fRFT CIXEERIRD 1 D& LT FRMDEDE A
BH U 70 & 280 B i © O ¥R 2 5
L7zETIVEWS 2@ O 177> T, VT
NTELIZHOES12:ED OHAEDEN DL AIC
WKREDWTHMERET IV ERINLUZ. £9 RN
DEDOE R LT T, XA METIVOD
AIC HY554.6 T, A AICH 2 RIOEETIVIF
1 TH > 7% (Table6). HMNWEEE (QOV)
WE o & ERKED - FFEESNRIE FHRMOIEDE
D 0946 THH . TOEBHIIXRTOENET
WICHRHEN, ZOFRBOHEEMIZVINDOET

JWTE P<0.005 THERETH-. TxbbB, T
R DOHE DN L DMF L FNF OB Dz
TEaRUIE. TORMFRIE FRAOEDE & FN
FHIEHR O OBMHBEMEFKREEL B LTV
(Kendall's T = -0.261, P < 0.001). 772 L, HEDOH
B EFaaIl (et oxt g e UKD
TR 2L Eho/zDT, 9HDIEND - 72)II
NNDOTF—=2EZFZROMUTHTLIzE T A,
HBOH L FNFHEEICITAERMHER A - -
(Kendall's t=-0.125, P=0.211).

GLMM R AT THEDEIT KT 10V WK E o
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Fig. 4. Number of Tachysurus tokiensis per survey
relative to the closest downstream weir type. Bold
horizontal bar indicates median, and top and bottom of
box, upper and lower quartiles, respectively. Shorter
horizontal bars indicate range (outliersshown by small
open circle). Different letters above boxes indicate
significant difference (GLMMs).

T DIZZEHID 0.589 T, 8§ DDETIVICERHEN,
BHAESNIEVWTNOETIVTEREAEL R BKZFIC
T LU THEZELEMZTICTIE P <0.05 THEICHERD
2N R LTz BB T OOMAZE, kb
B, KR - BIEOHG - WREOEIS - Nl
DIRHDIED 2 AT « A DIEDEFE « FAIDHE
O FHMIKEE « FHRMORAE AL, 10V H 0.5
il T, IRENTGHETNVIEOND 3 DET
THo, LHhraRINENTZET IV THLREOHEE
HIZVWINEEETRAED o Tz,

FHRAOHED B D o T BB h 5 D
PHEE A BR U 72 i@ Tk, XA RETILOD AIC
1557.5TC, EBOBDEEXIDE 29 RENH T
Tehs, BRI T LR A AICH 2 £
DEMETIVIZOMT, 10V 0.5 ZBA T2
V7R el © OREEE (0.790) & Z=ET (0.549)
RIFTHY, SETIWVTHREEIEETH- 72D
ETD2DDEHDHTH- Iz,

GLMM fRHTIC AWV T2 9 D DAL D 5 B,
FHRBIELDHED Z A T WTNOERETIVIC
BHXNahol. LHL, FNFORBERICIE
EODH O, EOROHIS (9.1 = 7.6 AR,
EHEND B (4.4 + 378K, WTHEND S
HisS (3.5 £ 3.5(EK) DIEICZ H > 7 (Fig. 4).

MR LB ZEZERT S OISR RS
ANTDTVZ LR, BO AT OH%[EER
RET%GLMM i ziTiz ol T A, EDK
Wl & RTENEN D 2RO IERE TH -7z (P
<0.000) A, EOGZWGELEBEEEDES (P=
0.185), BIUTAENE L FEEHE (P=0.507) D=
BEERETE Ao Iz,

N AR D 4 DOFEH T (Fig. 1) T11 A
I 1 |72 SN U e i E T, & RIER (KS-
0D TRFEINT, 2o ERICHTT
KS-02 H#lt 5 T 4 & (& £ 146 mm, 100 mm, 95
mm, 40 mm), KS-03 #fl ;X T 4 {f & ({&E 70 mm,
68 mm, 61 mm, 37 mm), KS-04 15T 3 il {& (97
mm, 46 mm, 26 mm) HHE I N7z .

z 2

FNFORE - B8 - BiE AFEHTOFN
FORE EAREOMKRIE, AETRNICHNS
N3 (Flz21X, Koutrakis and Tsikliras, 2003) N\ &
FABATELE N, REE % O E R RN IC
X o THESNIEEE 2.756 1%, #ZEIEKHER
fiitz > 2 —PKifiad B O BN T - AR REG
Bt THIE L T ik ZEHHI U 72 Suguro et al.
(2011) O (A A T2482, RXAT2775) D
HNTH- 7z,

Piz < EBINXJNE/NINTBWTITHS NI
M T H 2 1A E 20 mm AR O/NEIEKAD 7 H
TR TR > R E DA THIE X Nz (Fig 3)
Tehn, LBHITIYIEICELE L TV DD
TH3. 20mmEH D 30 mm &G O /NRE K IZ %
ZLEHTVITNDY =XV E DD 5 T HiE
iz & (Fig 3) 5, ZRJIRETOE
BRI FIED SHIE THWVTWVWBDDOMNE LNEL.
FE)NE O N TR TIXEEIIIE 8 A5 9 AT
% > 7= (Suguro et al,, 2011) A%, HFARE D EFEK
BT RAOEI Fid 7 A FARE—27Tho
Tz (PAf « RBHL, 2003). F73F 0 FE SN i
OIKIEPHE, MR EICK > TIEHSMICED
550D EDbNS.

AWFZE TREGR « FEAGAR L 7z 298 A D 5 i
XNz 14k GEX16 0D &, WINnEEY
O L F CHEHS THEI N, iz, 2K
DOBEEICIBEHIC X 2 BN H->Tz6DD, F
HIC & > T LM THIEEMDIE A % LW o e i fh
ZlLiERSNEh Tz, ThbDoT eEhs, B
BNV, M oXOBET— 22003 TE
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TWEVDOTHIENRZ LIES AR 0D, KRk
HOFNFIIRELIBEETICETELZE-> LS
LTWBDO0E LKW, FRICEBITF T2 ZE)1E 0
ANTLIHINEHEIC K > TREIC T 5NTED,
AR DR 2 B2 TR EN L 72 fliE DI nic s by
b5, 2003 Fh 5 HEMKSE L T HIRBIED
BEINTWS (FENEKER & > & —AIKif
RERY, 2009). —J5 T, WiAREOAE)IKRIC
DM BEFKETIE, 6 ANDS 8 HICEZE DK
PEAD M E LTz (B - BH, 2003).
DIKES IS HERHAIC D IR N 2 — Rk TH
D, DEMN2 TWVBAEISZFRDOMER] [ 5 FN
FiIIMELzEDEEDbNS. iz, HiREDOR
RINPaHE TIThb N TV B KELEYIC L > ToK
WAy MU — 7 REEREE T, KL 2FN
F NGB HIKEE D S TIKEANRA L, ZD®%REE
DARBADE R LTV EDMHERINTNS B
AR H, 2004 ; H=PEIEH, 2008). ThE5DT L
M5, FONFIE, BRI R e
THTEeNHZH, RZEORMEHD X 5 IcBH)
TELEMENEENTVBEHAICIZIF LA EKEH)
T2 e ZHFITES2bDEEZDN
3. FNFLHEET, FBEBBLUTZNBICHER
WINC DR ER T B 3 A FF Tachysurus ichikawai
&, LEEEE LR T & DR E A DB S I
KUSRA 7Y T4 MR SHLEN LIS T
W3 (P83, 1997 5 34, 2003).
FNFOEBRKRR AWIETIE, 29155 T4
[ & 1 HS T3 EOE 119 [ DO EH A TEN
483 HIAADFNF R E Nz, AENGE L
RN D 3 3D S BIXITid 15 #igSH 14 #h
M, NITE 8 Mg NT, FRAN (k) T
&7 Ml A 5 il A oD FF 30 Hh g 27 N (90%)
TFNF VSN (Table 4). £z, A
HHDOWIE (Table 1) D 7% I 72 % Hiij&
HiFH THEAN 483 AR S Nz, T Hig, ik
BHEENTE BRI LEOHETIIRAETE Aoz
M, 298 (EARDIEERMEARD 5 B HHE I N/zDE
14 ik (47%) T Ehholz. TNHEDT—
R EETDHE, HETEEIAFFERALTY
HMADT L —ETH O, KU THENSE L
1o SCTRD NN EFIPIS M LG E D F N TFNER L T
BEDEEZTCINVTHAS.
FNFREREEOL Y RU X b+ 2018 THEjdf&E
HIE (VU KRESNTEDL (REA,
2018), WIKIR DL v RU X R TEIE U L e
HIE (VU KRESNTWVS (KR,

2016). RIKIZFEVGER DAL « 2881 - /NEF)IIT
FHORMHAEZ TR > 241 (2010) &, #2)I
D _FER 4 Hups & Z8HE) 11D 1 S TFENF 25
LTWa. IS, BriiiciiAd s 3 Kmic
BRI - 2531+ B)INC B CTHIEDO BRI A
TR TRARED (011) kB E, FANFiE
W EFRES & Z DX TH B )1 X T D BRI
INTWVS. AL T 1 [E7200 = L 722800 1A
WCTOMETE 4 Mg 3 S TFNF RS
Nz, TIN5 ORI, W & Z DR KYK
BHREEICB ) 2 FNNFOFERERME K> T
WAHZ EZRLTNS.

FOSNF I AAHD 15 FIRD 5 BEFE - Hiik
e BIRZR 2#ROL Yy FU X MG
TNTWVA. BEFHTD 18 6 TSR
WX TR IA B e S NB R E, ML
WK TH B. RIS D PaRIC 3 T2 % 21|
BT, ROREHRE ©E RS 17 TR
27 FNICR SN T Wi (B - &2, 2000 5 B
A, 20060). LA L, AIBEOHER)IITIEESEM
HEPAEELTVR LV MERHZ (FiEH
2016). ARFFETIE, 51 (2010) A D 2011
CIZIFE CHAHSIC BV TE LD EZLL DFENF
NEINTWS. chld, 7 (2010) PHEA
E (2011) DO FET BZHEUTEN Tz & M0/ T
HoTeDITH LT, AL TIEFNAFHEATY
ZORGMCER Y a Yy = I THZ VS
HiEER - Tzlzd b BbNns. FNFIIETET
HHIZIEBRESRNICEATNE T D, Wy
fili > 7o — I R AR A Tl F 8 F O FIRN
M/ NGl S B TREME S H 5.

FNFEERHNDEORE LD T,
1 [EYS O OFNRF BTN B X TFHREIT
JNXJNEDBEREICEZh Tz, FNFHNESTH
EXNGh o B DR E /NI EFIBENTI
NNEDEIr>7z. LA L, TOXZRBDENZ
BRBERMSHAT S LBV, LT,
BRULERE - FEWLE - KERIE < Z530)1 1 £ TOE
B FHRAOHEDOE - O~ « HEO FiFRHIKE
WKRETEREREDNH 57z (Table 3). TNH
DB, NIEFHEE)NNTHE LT TN
HEITGED LWV FNF R E D —3T %
RN, KEKIE EHEOBDHRTH -7z (Table 3).
L LUEhs, KEENE > & &L 27X
TEFH46m THO, /NID 3.1m, FHER/23
m I ERTENRFOERIC E > TRICAFTH -
felldEZI V. BXREEEDNE - & BKL<
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REAEWENE > & B E <, EAED IR/ 72n]
FED 2 D2 THRKREISEVNITE, X
B < RAEREME LS, EAEDOKE IR HEE

EFEEEDNH > TN LHERKEISGE NGRS &
DO TFENFRERIEND o7z &h D5,
Y ORIER OE N ITATIZE TIIHIE Lah o
TeRIOER, FlZE, HARORRNGEAT D23
L BEELEYOR, HBWVIE)IIEC XS HED
NEODENE VS TZHBEDNA T ALK BDNE
Lz, HSED D nWizdIc e a =
Tiah o 7zh, XTI EZDOKRE ] EHEN
LB INY T T —Z—PFNF ORI, FF
ICE OHEBICADRER 52 - RENN D 5.

GLMM IC X % fRit DS HRE 5 Ntz ENLE TV
TORGREHOEEE, HUWAEZEE Jov)
B, FNFRERANOHENHEE NI RTER
BERE THRAOEOR EFHEFITH- -
(Table 6). TFimMlOHEDE &5  FHBE LTz 7z,
TNEESMAZELTCAWIINE TCOREZ
GLMM ICHHBIAATZHTTE, RIS X
TOWEEBHZINERICEE LTV, 2O
238 D D GLMM KT D AIC % IOV D 5, F
M OHE DR D J7 W8N L TOHEE KX D L8 <
WELTWBERRITTENTES., 272U, 1
DEUI/NITE TR GREHEFTOX S L LXK
M) TE2M@UMEL, SFEDEND - 721X
DT =R TIHIEOR L FNFHIERICITEE
BB o T2 &, JIIINTIRNITBXT
FHRENK D & FNFHEED DI oT e
5, FHAIOIEDBMN LI L FNT R D
TN EWV S B OMHBIBIRIE, SR OEWICER
T 5BAMTH B EENE G E TE RV, il
DVTIE, FUEL 23L& FICHANTH LIS
BHZL 52V FERT, BHHIC K D8ME K
mL7zzsDlEbNns.

FHRANCHEN WG L EEEN D 256 Tl
FNFHIBEEICHZIEV I D > T2h, n[HjlE
N B EITIZEN IR WA LR T FENF i 8
BNEREICD -7 (Fig 4). 2D kX, #
FHENC ENTFOBFZLIT S C EBNENRFOER
BICE DM BERE MIFL TS AREEZRE L TV
5.

AFFEOKERIE, FHRANCEND 2 & FNFD
ERBIC—EDHDWEZ ZT A HEELH S &
DD, ZOFHINZOIRENTH ST & 2R
LTWa. )IHEERSEY OB, —MRIcE
FHEOEN AKX D BRI SR, RSB

DI L TR RKREWY (HEFIED, 195
Reyes-Gavilan et al., 1996 ; Fukushima et al., 2007 ;
Han et al., 2008). FINFITDWTIE, EdhlL7z&

IS, FMENFFER NG T2 E DD, FEAR
WIZEFEMEDR S, PEIIM [T & 7 < TH AR
BHERiEh s 0L Bbns. AU TE LM%z
BEL i ke o, L,
BIAE, KWIC K B KR E T EREBO AL
Bk L 720 Uz & IS Millh S O FAtHE VR IC
X o T 5 N TREABEIE D EN T2 D 3 % Al RE
Midd 5. Tz, EEOBEID LD S N
DHICHIBENTVB LT 5L, FEEBUIHERE
NTE, HT Y AR Thymallus thymallus (Meldgaard
etal, 2003) X 7 A X R Salvelinus leucomaenis
(Yamamoto et al., 2004), 71371 Cottus gobio (Hanfling
and Weetman, 2006) TR S6N/zX 5ic, EHHMIC
W EWREIOBELEZHREME N L T AfEERES
H%.

FNFEBRNDOEUNDREERDEE R
BEOLY F7F—27 v 7 2014 (BEi&, 2015)
T, FNFOERZENTER L U TEEIK
IS K BKEGE, BIEICKSERNGELHEE R
ZKERROEA, WIISUEIC X 2 WK A H
O, KRV OIS L OHENEF 5N T
Wa. RSO O JE G R E TH
D, IKHDMHICHEN TN 2D, FANFHEZH
ARLTWETENDS, D L ERFEER
HHRCFZR>TWENEEZALGNS. KEICDW
T, Z2FLBEFICERBLGEZH>TZOATH
B0, & LBEMNEN > T2)IIXIIT 0.133 mS/m,
K > 7z/IMNIIT 0.115 mS/m TH D (Table 3), £
W THRICESTZL DD, WINEM)IDOHR
e U TP AEEANTH L. 72720, 2000
FEREZBICB T 28T OFSTFJAE D H1E
PRI TR E DB RIS 5 /KE (BOD) Dl &
—HL T3 L (FiEh, 2016) b, —ELL
FoKEEE (ERER) EFNNTFOERZYT
LiEbns.

AWFFL DA TI)IEDZ < [ZH TR WO
JKTH O, 3Rk Ui, i
E9 %A% LICK > TFNAF ORI D7 <
Tholz. LHLAEDNDL, FNFH1EEHES
N, Mt ONRN SN LIzFHEE/ 0K L
W2 M T, ZTOTHRMANC ERNE & A EHER
LTWiERW3IHI Y7 Y — hED OXEA 500 m
PlEicbizo TV TV, ATIROEETKE
D367 i CITbNIcERY 3 v A—Ic X5
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WERE T, FNAFIE3mED XK T x
N9, 2WEY KB TE LK EDERELD 177
AT CARIAD S NIZDART, Mdd Ttk
HMTOMETH >z (k- 3, 2004). FINF
W EHHIEAEE DS DOBRBICER, TR XY A
MR ERREHBETZC N, LROHER
LTWAEWIHEIYZ ) — MIIEBENROELI S
LEHERDOSNSEERTERVEDEEDbNS.
RO E RELIC K B )1 D/KE AL 1980 4F
RUBZ DL TATHEINDDHZH, W
REIKEEORBIC K B E MR BB D 18T,
RS DRAIH 2 E DD, BIEEHNT
W3, KRIIZEOREN S, BHEO/NHI RO
IKETHNE, NEERIEIC X > TBEDITS
NTVWTEFNFRERTETHS EEDbN 3.
ZhCED DS THAEEHEE TN TS DI,
(1) R ADTIKEDUE L TOIRWIKIENZ )
Q) KEIHELTOTEINFHREDHT B2
B — ZARBEN R NI E TR BT & > TR
ICH %Y — ZAKEED S OFES DT 5TV
%, 3) NI - KBS D 3 THRMIE A T > 7)) —
FTESHLENTWVS, ) MBEORCKXZHFHET
W FNF D Ui < W e DITIRREDY /NG
ENTWVDB, EVoEEENEZSGNS.

| 3

ARG IE AR DIE LR (2012 P K22 A
MR R ZlcE e Db DTH 5.
AIIE T — < ORED S BN FHEDOFE -
fiti, JEARRIZRfRMT & WIBIRRROMESE T2, Bk
WEIHZERE & MG RN, RO Z I
E19 4

MADE LRI T 2B E R Wiz n
A R BRER, LRGP, B2
%, MpIESRBIE, X SICHHERG D SWMHT,
SCNEF TRY)TEIC RN RV EN BB
WFZERT OREHABR G & HRBRIR I gt 2 > 2 — DRk
FEEMKRICDX O EHHB L LS. Eirises e
L THERESRE TEIOHEICHZ TV IR,
T w243 1K PR R 2 > & — YK ik B O 1
W2, MNIITBUE NKER AT v 2 —
SEBFZERT ORI SE K, R R 2R EBE B 2 5
ol P A BB 2% it 5 22 0D 3 520 S B M R U TR
5. ¥z, 2ZD0EHRBICWIIEFICTVRWITH
MLUTWERZE, YHEMICH 722 DN EZ
BIETE.

ARHFFEOENIAEIZZ < DSR2 D175 L THE
BT BT EIEIARAEETH . T T TRRARTEEE
Fimnh, HEHDSNCTE AT 40 NICHES
ML TWilEWi, £, MEZIGEL TV
72E, Bl LANEW WO ) 41
LIEL LA L LT 5.
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