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© The Ichthyological Society of Japan 2001 Abstract Freshwater fish in rice fields near the Chikuma River, Nagano Prefec-
ture, were investigated by visual census and net sampling. The rice fields were
classified into three types. Type I—terraced and supplied with water from an upper
pond; type 2—supplied with water from drainage ditches; and type 3—supplied and
drained by separate irrigation ditches. Rhinogobius sp. OR (sensu Kawanabe and
Mizuno, 1989), Misgurnus anguillicaudatus and Pseudorasbora parva were abun-
dant in type 1 fields, whereas Tribolodon hakonensis, Carassius spp., M. anguilli-
caudatus and Gnathopogon elongatus elongatus were recorded in type 2 fields.
Only M. anguillicaudatus was found in type 3 fields. The fish abundance and di-
versity did not differ significantly between type 1 and 2, but was extremely poor in
type 3. The recent rearrangement of rice fields from types 1 and 2 to type 3 evi-

dently reduced fish abundance and diversity.
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BRI (3EAKEE 2 & —fE D —BFEAIZ /2
iKY BKE) & BT R B iEmET & L TF
HALTERKBIZE ST, KHRFZFDORELD
BR¥EKBVZOERELABMEZoTWDE I LI
L < HI BN TV B (Saitoh, 1990; H %, 1998a; M
H,1999). FI&IEs TV ) KEIZEADITD
TAH7FT, BIMTEIRICINEZIRET LI LDR
WiYawy, TLEFF, F~X, a4, 773,
yEOa%EDAEIZE - TR, HEZD VK
HR % DOREDO—ERKIBIZIEEXIT) ) 2T
RARTHDH (PF, 1969, FiEiZ), 1988;
& - LAE, 1989; K%, 1998b). F/AKHTIET
T2 M REDMOBN BB S EE I
%A ¥ % (Ichimura, 1954; &R, 1955, 1956; Il
T, 1987). INLIEL L DFHEOEL L TEE

ThHY, KAITKRKBEOEFH L LTHHIL-T
Wh, KEIZBWTAEDEININERIITDR, %
COFEEHOFHAESHIT S Z LI TIEHS
COHEDVH D (R - TTfE, 1971; FHE, 1984;
FREIIA, 1988; ik - LB, 1989; %, 2000)
LA L, EETIIREKBEOLIERIIIHENMIC
L oT, KHEIHEOUEHIHED S NIFER, KK
BAKAL»HHEZTLE) 2L EEINATNS
(AARAERER S, 1995; K EF, 1998a; H -,
1999). & <12, KEBBOKE» I 2)— T
B S, KEgEKHEDEENELLKELL 2
BL, WKEIIKEHNEATER G720, &
JHRPBAEHZIT) ) A AR EEZ bR
5. EE, BN (1997) B £ U Lane and Fujioka
(1998) IIHKIWETOFEL S, KEEZ LD F K
BoOmEIAz T 7)) — FTEHO O, KEEEKH
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DEEF ImLERELRY), KEHEZDH CHKAD
HLANDIZARR TRk S 4 TIHKET 5 &
B E, KHTHERINLEFHOEEKLE
HEINZEILLBLTAZEEZHREL TS, Ly
L, 242544 70OKEBTORIEOFEM,
¥, EEMREOLBIIIThbA TRV, Loy q
T OKHE THEEDS BB L VD H % B
LMITHI L, ADPTARTVAHDI) %
EZAH)IZTBOTEETHA.

Z I TR bIE, REFE OISO 46 71 Fr
TKHRELZZIZER T AELFAELL. £
DFER, KHEREIPOKELL3 A T2
e, 394 THTCREOBMB R ZHMENE L
CERLZDIEDPHELP IR o720T, T IIHE
T5.

WEBAOBER S JURESZE

AL 1996 75 20005EN 8 H 24 H 26 HD
IbEEI2H, REEOEHH»O/#EHIT
DTN 48 #h 5 (££75 360-760m) TIT -
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35ecmX25cm, ESIA28cm, FAEA2mmD7-Dd
ML BHEMBICL o TRBEOEREITo 7275, K
HORRETIIAE L 2 o7z, KEAOKERD
—ADRSIIOVWTIERAEZT o7 1~3 % (XH)
DFHERFA L. Z0l3d, KHEORFIRER,
IKENOKOBIGHIERHPEKS AT L1220 T
LELER L. 1HETOREII24ETIT, Fh
ENDROEEE AL L E L, SEOREEME
GEFL T30 o/t b IATRT LI, —2D
FAEXBOL S, A0EE SR #FIH (KH
DA DR EDOEE) ICL o TEL - 72H,
200mXx200m DEFANTH - 7-. FREL-AEHD
9L, FENEEERDDIZDOWTIE, 10% IZFHR
L7chn=) VEWRTEE LR, IRE~NDD

JZBoTHELL., T0IIh, MEBESHAAHEHIZD
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KEABLUTZORBOKBEOEEDL S, KEE
LLFD3 % A4 712453 L7z (Table 1).
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YAT3. 54 T2ERULCFHICH Y, KIFIE
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HEKIZAKEOMAIZED Z TN EET-18cm D
I TEDHIKEO LEIZEE L, 20k 5K
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FEEAToT-MEDH L, ¥4 T 1id16, ¥
4721313, #4733 17% 5D, wIhd Tl
JRIAIE A LTz (Fig. 1), £72, WIHOD
WRzB L2256, HKEE SERLIKED
27FHH, INHIEEREDIFA TOVTRE
bEOLNLBVDT, SOOFFIA»LIEKRZE
EL7. WEETKRDAY A T 1-3DKEAE
WEOFEHES (2 E#REZ m) &, ThZfh
563 (£95), 405 (£36), 504 (+92) THVY, 3447
MTHEENRD LN (ANOVA, F,,;=16.5,

Table 1. Criteria of the three types of rice fields

Irrigation ditches to supply

Type Arrangement Source of water Method of water supply and discharge water
1 Terraced Irrigation pond From the upper rice field —
2 Flat River From an irrigation ditch Same
3 Flat River From an irrigation ditch Separated

—: no irrigation ditch.
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Fig. 1. Map of the study area. Arrows indicate the direction of water flow in the Chikuma River.
Three types of rice fields are shown using the different following symbols (H: type 1, @: type 2, O:

type 3).

p<0.0001). ¥ £ 72 OKHEDEEIIIA T1BLV
A T3IDKHEDEFNIIHR TS o 72 (Scheffe
test, p<0.01). ¥ 4 7 1-3DKHDFHKE (+1Z
R, cm) XFNFN 58 (+2.8), 5.8 (+3.1), 4.7
(#2.8) THH, 374 THICEEEZIFOONE
Ao 72 (ANOVA, p>02). KEAOWFTNHD—T
BS0mll EHBLDODEEIESY A 71 T31.3%,
4 T2T462%, 71 73T70.6%THY, 74
TI3OKENIBIFHEEIPMD2 5 4 TOKEIZE
JAEIE LD SEVEMAEED b (h A

BE, x=4.57, df=1, p<0.05). KH &K &
DOKEEIEL Y A T2OKATIZTRTL0cm LT T
Holzh, ¥4 T3DKETIEITRTS0emb EH
D, ZELWKETIE23mIGEL T, BRY
WZF A T20KEIEY A TIHRTH DT (Ui,
1985), # 4 72%|HEIOKHE, ¥4 F3%2HD
KEEERZ LTS,

EEBEORKE LTEHETOB(HET. 1967;
ARG - BH, 1989) ZHW722%, #BEERED1 L
TOBEIEEERITbAedo7/z. THEHHICK
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LR THEORENTE koA, FBROE
BILEOLhol. 7HFEOFHAIIREIEH L
WDTID2DZV—TL LTH, BEHEENE
BlzEgdrl iz,

354 TOKHETOER, KiE, BOMEEH,
B, BERERKORBICH/->TIE, Th
S OEHEERAAALT 5 7203 B (log(x+
1) L, EDRHIZGESHT (ANOVA) 24T -7, #%
FHREOEEKIEIS% T TE L.

f& R

AEORER, AFITIITE, 989 E KD HATFER
EN7: (Table 2). D) BF A B TIZHADMD
HIEASD, 75 NV a7 3@ LEELHLDBA
BTHD (JUIRES - AKEF, 1989; H4F, 1999). 14
RCHERE SNBSS, ML, BB ORI,
FNEN 0-6, 0-182, 1.00-15.00 TH-o7:. #4147
1L 20KHETIZEDH A TD 1 EU LD DT
INTZA, YA TIOKETIEITHED ) Bl
HTCIROBIERIN o7, ¥4 71 0OMHA
TiE, P73/ RIDPE DL 61% FHD,
OWT KV awy, YT, 7HEIDPDTVW, ¥
A 720BOKHETIE, 774, 7F+8E, F
Jaw, yEOQALEDNEL, TDENIIFAH
T, TTINY, =2T4%E, EFFCl0HOAD

MR EsNz, —F, 4 73DOKETEEHHD
ENTDIEI N a v ThoT.

KNI azizont, EBEEAEN 4em L EDKE
BOEEEIVA TOKBAR TR T 2L, FE
BRIEBVWHPRERD LN (I A4 ZFRE, x°=30.04,
df=2, p<0.0001). F¥avORBEHEEIS LT3
DKET31.6% &EEL (n=57), 2WTFAL 72D
HKHE (18.6%, n=59), ¥4 7 1DKHE (3.0%, n=
132) DIETH o7z, ZOMDEE (¥4 T 1D
IL/)R), IAT2DFX A48T, 774, ¥EQ
a, 7+8) TiE, REAFEZINUTTHo7C
F72, INHEVTRLDY A TOKATOARE
MR INT-DT, ZORBHEEDE V% KH
54 T THEIRET T A2 LETE& h o

374 FOKEMTIE, B, BAEK EEH
BEOWTNIZOVWTHHFELREVIRD LN
(ANOVA, T&E¥f: F,,;=27.47. p<0.0001; fEAEE:
F,43=19.76, p<0.0001; & % ¥ FE: F,,,=4.77. p<
0.02) (Fig. 2). FEHIZoWTIE, ¥4 71547
3 (Scheffe test, p<<0.0001) BL I 1 2L 5 1473
(»<0.0001) DETHEEZLVSH), 54 T3DHE
DAHETE L W EAL? RS b, BRI
DWTh, UL FZ AT 1L %473 (Scheffe test.
p<0.0001) BXU¥ 1 72, % 473 (p<0.0001) D
BTELZY, LI A T7OKATHERINH

Table 2. Species composition and the mean number of fish captured in each site of
three types of rice fields

Rice field
Species Type 1 Type 2 Type 3

(terraced, n=16) (old, n=13) (new, n=17)
Zacco platypus 0.0%0.0(0.0)* 2.3%6.0(6.5) 0.0+0.0(0.0)
Tribolodon hakonensis 0.0%0.0(0.0) 15.7+20.2(44.6) 0.0%0.0(0.0)
Phoxinus lagowski steindachneri 0.0+0.0(0.0) 0.5+1.9(1.4) 0.0%+0.0(0.0)
Gnathopogon elongatus elongatus 0.0x0.0(0.0) 2.5%4.2(7.1) 0.0%+0.0(0.0)
Pseudorasbora parva 1.4*+1.8(4.7) 0.0+0.0(0.0) 0.0%+0.0(0.0)
Hemibarbus barbus 0.0£0.0(0.0) 0.2+0.4(0.6) 0.0%0.0(0.0)
Cyprinus carpio 0.0+0.0(0.0) 0.1+0.3(0.3) 0.0%=0.0(0.0)
Carassius spp. 0.2+0.8(0.7) 9.1+£29.2(25.9) 0.0£0.0(0.0)
Misgurnus anguillicaudatus 8.3%12.4(27.9) 4.5+8.5(12.8) 3.4+4.6(100.0)
Misgurnus mizolepis 0.0%0.0(0.0) 0.2%+0.4(0.6) 0.0%0.0(0.0)
Rhinogobius sp. OR** 18.2%25.3(61.3) 0.1£0.3(0.3) 0.0x0.0(0.0)
Others 1.7£6.8(5.7) 0.0£0.0(0.0) 0.00.0(0.0)
Total 29.7+26.6 35.2%49.1 3.4+4.6

* Mean*SD (%).
** sensu Kawanabe and Mizuno (1989).
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Fig. 2. Comparison of the number of species, num-
ber of individuals and species diversity of fish between
three types of rice field. The mean values and standard
errors among sampling sites are shown. Numerals on
top of each bar indicate the number of locations.
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1978; PIME, 1981; HUESUKFIRIEMIES, 1990).
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Hb2{onh20H85. LhL, IR EL
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A% <, KHEKEORETIRERCHPER SR
WEoT37 4 THED IO SN, KENDE
AL, EICHBEUER, BYEcRRER H
PEBEREM I S, ZoOEICEESATY
% (¥, 1985). KREFFEIZBIT B35 4 7DKEIL,
COEBFEDIIA TELFIELTWS,

A 5 B & 58 L CRAMLRE S bk H
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BHERFETIE, V1, yEQO, FYavkE
MEhol (FEFIED, KER). Insid4ED
HEZBILIAT20KEATHEHEREINT
Wk, —F, oS B LERICE > TkE
A EIND 5 4 T 1 OKEOLEREIZ, KHD
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RKNREYIRE, MOF 4 TOXKETIXIZE A
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—HKEYIZ 7 OMIZE > (RAT, 1969 B #IE A,
1976; JIIFARER - KEF, 1989). F A7 bOFET
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BURES 2 L. oir sk InsK
HOBFEIZOWTIXIZE A EHEN VD, Kf
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EFEROIHEDOKE L ERTHLEEDITTIE RV
ZENREND LN, KERIEEVLOD, 7o
EFDORBOWEMMEEIE, FOMBIZEFET S
RKBETFDL ) ZTARARTHA).



24 FE EED

FHOKHD D B, FHBERFKE D S K % 4
ENBIAT20KETIE, HEME L DfafED
BECHERIN., FOELFEREI 4em KR T
HY, FOREEPLEZTrY7IZ /)R %K
GITHERD LAIRBAR O RLEZOND
(A, 1969: EHbIZAH, 1976: JIFRER - KEF,
1989). KHEIEFYaw, €03, 7FHHLEEC
EOoTIIEMNGBLUYNEDOEFTL L LT
BETAIENMONT WS (FEIZD, 1988;
& - AT, 1989; ¥§, 2000). AW THEZRE I
TmINLOHEIE, KR ZEOF DOk
THEINHEK, KHTE27-bDLEZLNS.
T/, KETHEUALTT 7 b rRkKERRLZE
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