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Abstract Natural fish reproduction in three rice paddies
with fish pass was investigated in Roppo rice field in
Toyooka City, Japan. Re-introduction project of endan-
gered Oriental White Stork has been promoted in Roppo
rice field since 2007. These paddies mainly served as
habitat for fishes such as loach, catfish and Carassius sp.
Tadpoles and aquatic insects, which may preyed on fertil-
ized eggs and fish larvae, were also present in the paddies.
Based on histogram, 99% of the captured fishes were
observed at larval stage. Two spawning groups of catfish
also existed in the paddies. The fish density in the rice
paddies were greatly affected by water depth in the rice
paddy, distance from the main ditch which functioned as
fish source, and density of tadpole and aquatic insect. Fur-
ther research focusing on critical factors, which contribute
to natural reproduction in the paddy with fish pass, par-
ticularly biological relationship should be conducted.
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and Lane 1997; Lane and Fujioka 1998; Katano et al.
2003). FFICHEETIIATG L OB A 7 — V& K HAKST
L CWAHENE L, 7T Carassius auratus langsdorfii,
N a v Misgurnus anguillicaudatus, A>3~ K2 a7
Cobitis sp., B X VF~ X Silurus asotus 5O EITEN B
L OMRMOEFTIRE SN TS (KKH 1962 7#lI 2
1988 : Naruse and Oishi 1996). 7KH 3 & UEL D — ¢y
I, BEMRINZIE T T 7 b yIRERET A0
I RREIRIE L e B 2 L, WEEND LW 52
W5 ERE LTSN Tn5 (G 1984).

ZO X N IKINIAEESED G <, SEHOFEEDY; L L
THETH D720, FGEMFEI L > TRLESNIZKHT
AT A ERRRE MR S 572012, KEAEL BT
BRIEDFTHILT S (U 20005 K4 2000). ZH Of
HEORFES L UM EREOEIIZ W TIZE < ORf5E3H)
WHY), Baley A TIZBTH T LY Nipponocypris
temminckii, = b7 N2 a7 Lefua echigonia, 7 7 A
Tribolodon hakonensis, 7 )& Carassius sp., * 5 71
Oryzias latipes, % €1 3 Gnathopogon elongatus 3 £ O

K a ol AR S ITW D (#HAKRIZA 2000, 2001 ;

HH1ZA 2009) LA LAGER EKEIZBWT, # R
DB L 72324590 B & OHEF- S D 2 DR DEF R & i
L72Wi5eidd 7 <, RGN E 4 ) 32 72013 fERP R
L COKHP2 BTS2 F TOMMOARIRIE L U2
MRS 2B EEH, AR (TR, NS4
BAHEASER) 12OV THIIZEEHEAET 2 LA D 5. El
#HHTH Y ) BEERO7ZOOBEREHO—x R L
LCT/KHAEOZHESED SNTBY (Ek -1
2005), HEAEATIZPRI9FRE TRFL0IE L T 5 (H
F12009). LA LIS 25HMIEH5Tid R < (W
FEIE2 2011), S RDB AR 23R - AT 5
72O\ b FRAEREIZ -9 % BN & S O A il AR Mo 7K I
DAy FT =7 Z MR L TSNS 203D 55 ()l
2012).

K Tlday / M) BABEROIENT & 2o 7 BT
HEMMIXONFHKEIZB T, MEA S KHOREEE
BRI HS T 2 ZR 2 WA B L AW EIT 2 S 8
R EBLLOTI ZICRET 5.
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1. A4

A M L B R T O LI & SN - M
Bl OSHHAZ) NofER ZKH3EHBITH S
(Fig. 1,2 (a), (b), (¢)). UM OWMBGMXTIE,
AARIH OSBRI & L C20064F- ISR D7z DLy (K
=T REML, r—Y%ikE L2 Fig D I2Bw
Taw/ M) OREIMTbITBY, Zhs ORI
HEAS, BHAMMXOHREMNIZHEE S N NTHREIZB W
C20074F- 7 & AR A fikfe L T % (Fig. 1). L7z
Ao THAMITEEBEEOMED & ETND. Li%HbiE
TIHERICE Y 3w/ M) B RESIC L 250
HD SN TV 525, BEMIC L) HRBERITHE S

500 1000 m

Maruyama
River

Main ditch

Fig. 1. Location of the experimental site showing the three rice
paddies (squares), artificial nest tower (solid circle) and experi-
mental released base with cage of Oriental White Stork (open
circle). Fish pass was installed between the ditch and paddy.

(c)

Twh, KEEEKHDOHEZET 1.5 m IR, FKEE
ISA T T A 2 TIREANOFGKITFERIEIZ X 5728, HIK
DOKHNOEYORANIWETH D, B, B
ENDHTOMILIELEOHE L, HiFiEt 2 FfH L T
HLZBHTH Y, BEOBAEEOETE LT, £LT
av /M) OREEEREEE L CHMICHEREL T (E+
S ST b 5 R Ak ) 4 BT ) 1 IELE S 2012).
FILIRAT T2 & AR 5 A s E T O BRI 12 km T
HY, KINBLOARFHNNE OB L T HHPAIZDH
725, BBAHINGAT 288HKE (Main ditch) &
Z ZIZHAT B KEE (ditch) (ZEI OB E 1) 2w
(Fig. 1, 151l #M8). 3 2oO/KHIE, MAEIZL 5T, Bl
PEREEAZECTR 0.5-0.8m, &S 0.5-0.7mO=[H3
) — MoK EHEBSNATBY, M2 5
T TOXMICBWT, BIEORE)Z ERT 201 L
TENIFAE L 2. WENOKERIZ L., BrESd5
TR RS CHERE L T\ b, KT 1 TR I 0.35 ha,
FHRARFOKE 0.11 m, FEEEEORSIZ9.7m,
MH0.2m, AEIXIL.6°THSH. KH 2 OMAEIL0.39
ha, MAEHMEEEOKEIL0.26 m, BFAEOE ST
10.5m, 1% 0.2m, AJHELIF9.3°THAH. KH 3 OMHiFEIL
0.32 ha, MAHHFAAEEOKFEIL 0.06 m, FHABEORES
139.8m, M§0.24m, AKIXIL.FTHSH. AEDOY A
TR, 20808 TIFAF v 78, KH3IDHD
PARBEEFMIRL 05, TXTTFEBEXBAETH Y
(#R1Z4> 2000, 2001), FAEHEEOHE FOKE HAER
EAasNZ (Fig. 2 (d). &8, 20124505 An 7

(b)

Fig. 2. Photograph of three study sites (a, b, ¢) and fish pass type (d). These fish passes
were patterned with Chidori-X type (Suzuki et al. 2000, 2001).
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FAZH T TR OBERE % Bk 3 2 13 & O B 13
HENTBEST, ZOBMOAEOREEIEE L AEIZR
EI N

2. FUEIER A

20124F- 7 H 5 HIZ 3 D OMAIKHIZ BV THMEZ & &
KAEYOWEERE £ L 72, 1 EKEIZOWCHE
BEIZIR->CH5-10mDOFET 1 v % 8 BT IHEE
L, #EFCBVTHlftos £ (0% 35 cm, HEW
2mm OF:FH) E T, BRI —F TR O
BEF COKRHMNAKS (ER 20-35 cm) D LKz x IR
2, 94 Y EREPIHRE 0 5 RERHNE S
Bk o7, S N-AFIIHERE B & R OFH
BiTo7z. F72, 1em DLEOKRE SoskAAY &R %I12
SRS E OB LA X ERRE L SRR
AEENEAE 2 L CE O HR L 7.

3. BB A

MR A L ER S, WEOT RIS, KD
FET A o 1A (8Ha JKH) 1I2BWwT, &
WA FH T/ AL 1T em TRIEDRHN AT 72,
WOKEES X UHRED S 2 IE L7z, B I dKEE
KRB L OES %, BETa B, @ b lbE Ok
AR 20 6 W D & 72K H Bim F TOSERE) % &%
ANEAE 1 em TEHAIL 72 Db S B0 () 2 -
2V D% = ATAN (b/SQRT (a”2 - b”2) ) *180/PI()
Ck sk, GPSBIUHYI-L3D2AHAL, F
%V —A (BHEOBAPSEFEWIERL TB) KEDE
BCHRWKER AT LK) ThHHHIWLI, AHIIB X
DK G20 5 ME AL F COHBEZ /B 1 m T
K7z

4. T — 5 fEAT

HR D@ Y, KHTORES L UKEIZOWTIE 1K
HIZA & SHEOMEY R LE L >TWwa, ffH (&ffEB
JUMRET L), 7 TVEE B & OOKE R R ORHE
B LUKHDKIEIZOWT 3 KH M C—Ieh & 53 it
BATo 7z, AREEDMER S N-HE1213 Tukey-Kramer
B L 2L EHBREEITo 72, ITICEL T, 7—
5 OIEHINE, 5k 2 MR 2 720 1O A #2175
7. TOA SIS % & L.

RWFZE CIRAAAKHED A 7, AEBUF R OMHEIC
FHYHEREHARNIHEET 5 2 LI L L 2.
L2 L, KHAEBEOHIES X OUKH TO AL RO
fiilc>WC, 4HOME - MMRANOFREEZRT I LIX

EETHY), TUNFRGHO [FH] L LTOHWTH
B, L7zho THRGR TR, ShEE L2%R (FfEe L
THE LS VER) % fIE% R (BEEE O E
IR L72b o) LS LA&bYE, [Hisotone b
L <A [EFAE inverse isotone ZEELT A 2 L2 X D&
SEROM 27 ERIZ, 1) fuE (BS, 1§
g, Gi) KHE (EfE, Kig), Gi) K (F SS
K, (v) V—A20oHEE (M2 o Ol K
FINH S OWisE, iRk E» S OHEE) OFIZERNE L
7z,

BREER

1. R EKHOFAEAH &~ X OB HEINEM
WEREORKE, FEIFT0MHMGE (FPa vy 1718
&, F~ X 32MMk, 7R 2UEE) RS e (Fig.
3). HEINIAEOY A4 1F, &E099% (1 k%
BWT) eES55mmTINE-s7. #honek
SGAICERT AL, FYavBLO7FEITHIER T
Hotzl b, ENHIEEHELETINOYKMTHL &
HErs s, giko@y), REAEMOFUKIZEX, HK
H3/314 75 A4 TRENORKIEARD 720, £2
PO OKELEYORANIHETH L. £/, Ak L7k
HIZ20124E D 5 A5 7 B2 AT TR K H o rEmE %
HOKT 212 EDOFEMIIHERE SN TV 2w, L7zhs> Thl

o - (i) Loach (N =17) M Paddy 1

15 O Paddy 3
10

I

. li) catfish (v = 32)

15 4
P<0.0001,t=-19.9

Group I Group I

10 4

Captured number

2 (iii) Carassius sp. (N = 21)

15

10

-
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Total length (mm)
Fig. 3. Histograms for the size (total length) of loach (i), catfish
(i) and Carassius sp. (iii) caught in the rice paddies. Loach and
Carassius sp. were distributed in unimodal-peaked pattern. Catfish
exhibited bimodal-peaked pattern. Significant differences indicated
Group I and II of catfish. No fish were captured in Paddy 2.
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RENTMMED YR (BROF~ AEgE) 1§, fEx
WP LCEM EBADEIN L2 DEEZHN5.
TR EROERS AR L, WEITAHBEICR
o7z (t=-19.9, P<0.0001). & 512, &K 20-25
mm il =27 2OV —T (FV—=T1) &3 TKH

IZBWT, 2F45-50mmic¥—27 2 o7 V-7
(ZF V=TT \&T_CKH 3 THiES Lz, BB
< A MR AERREE ORI 22 UL IO W T HI T
DRSS N TV DS CRIE - B4 1998). AR#RE1C &
% ERASRIEDOFEXIZ BT, B LiZl5H HTeR
7513-26 mm, 29H H T 32-62 mm (Z3E L 722 &5
BENTBY, INHE T V=TI BLOCNDOH A XL
FNEIEMT 5. HIH MO E ARIF7eRE R ~EH
LCH~YRAOWEY#mT 5 2 L3l Tldewv, L
L, MZNV—"7&dY@ERFETH L EIETHHENZ
V. IERO- L BIZAEYOREICREER 525, L
L, WiZKH & S HIREE LUK oK, A8 5 Kk44
WoORENE—THhs (FEEIZR, &Rik) ZL&nb,
MM D BRI B T 91T SRR S S 0
JEEEZLNRY., —FT, T AOEIIRIZ5 A
M6 HEER DY) (KH 1962), HAEBKFOKH T T
(&~ XOREINEF DY 6 A A O BERER 46 14 14 5 n 52
ENZEPMEINTWS (FHIEA 1983). L7
o T/ N—T1BLOTIFE LMW EHB L 72
DOF Y EIVEREENR LD 2 EEZ N, BRI
BT~ XM LRI - 722 LR S
5.

2. KHMOMELE BRI OME & 2 HF 53 23

2R

KH1ITIERYay, FXBIT 780 3%
A, KH3TERY a v BLOF v AR Sz (Fig.
3). —HT, K2 TEAEOEBIIHR SN 2o
7o, KT EoMBEOABHEEITAREICREZY, KH1
NFI16. 618K, m?E kH 3 (F53.5MEAE m®) B &
Ok 2 (0 m®) LY %ho7 (Fig 4). S
LOEEBBEICOERELRE S, FPavBLU7)
BIZAKH 1 A7KHA 2 B3 L), F~RdKkH1 B
C3HKM2 LV EEICE o2 0K ITRIIZET
&, FHOY A TOREPFNTHLEDIZHEDLT
(M. #AEH ] BR), KHI & OMBEDEBRTITKR X
CERDZEHPIRENT-.

FUEB X UKD R ERIZOWTIZ3DOKHE K
S AEIE R {, FUEEEET (Fig. 4) LoD L<
G EFME A S e (Fig 5 (), (i), KTk

20 (iv) Carassius sp.

P<0.001
10

30 - a (i) All fishes
2 T P < 0.0001
-

10 \’/b

) L_,. .
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< P <0.001
o °1
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Fig. 4. Mean fish density (+ 1SD) observed in rice paddies. Lar-
vae were not present in Paddy 2. Bars with the same letter do not
differ significantly (Tukey-Kramer test, P>0.05). The curved
line indicates the pattern of fish density in the rice paddies.

H 2 OKEVWHEEIZENE Vo 2@ A S5 (Fig. 5
(i), MEREMRE OFFMEIASND. F7z,
V= ADGHEE TORREZOWTIMIUIIB LR
205 OB IZKHB TR E 2 i34 S R0,
PRI S O BEEE, JKH 2 23BEE ISR &  AEE
B & OIEFFMEAD A SN D (Fig. 5 (iv), ks
AT 5V — A5 O R IE ERBEOBE) % Hil R
LT MDA S 5. DLEX b A S KHNOHES
DBFEIHS L2 RERE LTiE, KHOKE, &
MPEKEE (V=) POOHBEIEY LT

3. MOKHAY»EIROTAREIZS 2 5 5%
AIEHCIEHAREICHF ST 2 BRE LTI EE v
TeMES R AT o 7228, KHNOZHEINE & OREfR D LR
VAR (HEICL5HEE) dRECHFESETH
EDVEZOND, RFEMEMICB T 5BAAEZETY, ﬂ
ATV — NN L B 7 FHOZREIN O R
KTHY, HEHOMERFIZCORELE 22 (IJJZK
2005). AWIZEORMAEHIIKHTH Y, FHAMEHRE &
M, KESNS V2D D &) KRB OKRA LW EE
BEA - ERELFEVWEEZONS. LaL, HERET
&, oM T VEODE6EG (PFLeR
43.4mm, LY 1 10-70 mm), KA HFEED22MEA
(CFE£E 1 15.9mm, LY 1 10-20 mm) MERSNT
W A TOVEOLEL N /< LV Rana nigro-
maculata, =7 > 7 <7 )V Hyla japonica 3 & O'/~H
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Fig. 5. Fish larval density in the rice paddies as affected by environmental factors (i, ii, iii, iv) and

biological density (v). Bars with the same letter do not differ significantly (Tukey-Kramer test, P>

0.05). The curved lines indicate the pattern of fish density in the rice paddies. Isotone (e.g. Aquatic

insect) and inverse isotone (e.g. Tadpole) between potential factors and curved line were observed.

& Anura spp. 225 7% ), JKAERHFHE b > K H Odonata
spp. DIA, 7> T u v F} Dytiscidea spp. 3 L O A
%} Hydrophilidae spp. DR 5% 5. # TVEHOLE
ZHEEMETH 05, BHETHYIAENGITH. T4, 7
IIVHEZ=Ta 7T ORI EfEL, BEIEH
B ClEd=a0 7 FOINB L OHEAOSRE F 1) L <
BwnZ s ENTnwb (FHIEA 2003). 72+~
RHOYPEBL Y Yy Tuoflog R WET, Mils
LUOMEAILZOMER Y 2 5. D Eoh T VEYGAB X
KR IO BIUF& & AEE AN (Fig. 4) & OB
(&, BT IIZIERF N, BB ISR R S N
(Fig. 5 (v)). HRIZH Z)OVEA O & BRI E
BAHER S N e 2o 727K H 2 12 BT 8ffk m* & w5
, INLIZE2HHOWENELTWLD0E LN
Vo F 7, RSN ASEI SRR R AKE, b L
IFIES F CEINEREEZIR L, SINEHIc L 2 #Ex
&Iy (FEHFIEA 1988). L7z25-C, /AT
KOO WAEETHHRERAS TH L. —TF, KER
HIEIZ DWW T DOV A OBREE & 0 & v 2 ¥ 7] 3R

PRSI ST, DLEICOWTIZEEIC L 2 Akt
HANOHAEDLEOTEHERDO S LRLMRENLETHS.

BbWI

av /M) OFHREOMEY E L OKHICAERT S
BT NVEGEDPIEFICEETH S ZEPE SN TS
()1 2012). F7-—kT, BEEEEFELELZaY /b
VO E o TEBY, KHE, W, K Wi
AKIBUZIE CAERT B, L72h > T, Hsiiiicio 72
av ) M) OFREEEm A ED L L TEELZHYHTH
L. Lo LAWEREDSI1E, 7T VEOEINDZ VK
Ha SEEEEOLF L LTS5 2 L3RI &
D IREER TR D RIE S N F 7, AEHOMMIZB W
TERALWE-WAEOMBIIFET S (B2 13~ XHE
it oMHEOMALIETS). D Eafa, KEHNIZ
BUFLINS 0N, HEHBARICER LS 5% 5%
O DLVENH L. S5, BAFOMER & KHIZE
T HHZETIE, Ky — 2 L oEEEIcE H L 22 5HEAT
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