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Abstract The freshwater fish fauna on the southern islands of Japan is largely
composed of peripheral and diadromous fishes, with few genuinely freshwater
species. Although paddy water systems are known to provide important habitats
for the latter in Japan, the utilization patterns by such on the southern islands are
poorly understood. A paddy water system on Iriomote Island, where traditional
style rice farming is maintained, was investigated so as to evaluate its function as a
habitat for insular freshwater fishes. A total of 24 species were found, including 6
brackish, 3 peripheral, 12 amphidromous, 2 catadromous species, plus Gambusia
affinis, the only genuine, and freshwater fish, which had been introduced. Of the 12
amphidromous species, five belonged to Eleotridae, including the endangered
species Hypseleotris cyprinoids, the remainder being gobies. Based on binary data
(presence/absence of dominant fishes), logistic regression analyses were conducted
to construct predictable models. Dominant fish occurrence was explained by sig-
nificant environmental conditions, that were expressed as principal components.
Openness, species’ richness, impoundment, stony substrate, deep water column
and brackish water were all factors primarily preferred by particular fish groups,
the paddy water system on Iriomote Island supplying several types of habitat avail-
able for insular diadromous fishes. In particular, the lack of hazards along the mi-
gratory course was a significant habitat factor for fishes with less upstream-migra-
tory ability, such as eleotrids.

*Corresponding author: National Research Institute of Fisheries Science, Fish-
eries Research Agency, Komaki 1088, Ueda, Nagano 386-0031, Japan (e-mail:

keyichi@fra.affrc.go.jp)

b, KHAKRDED T IEKETHEZT SN
TWb Z L A%\ (Fernando, 1977; Halwart, 1995).

HHEIZFDL ) LAREPE LB LTS, £
Y A= UHAEFIZBITAIEERE, LIE UISHRIERE
WICHABEINTEL, FIICHICEBRINSK
MBI OZORDOKEE, LKL EYIC
Eo T, MINDO—RRKBOREEBEAT L LT
BT 5 2 & HE SN TS (FEIEA, 1988;
Saitoh, 1990; H%F, 1998; HH, 1999). #h@p
Z, NOFErFmzohsl ZkMBER] THoT

7)1 &L TR AT RE 2 BAR O —BRRY KIS DT 5%
3, AEHICRS T, KEHAKRIKE L TEET
LHEWERSE CEAM LTS (K, 1997; Fuji-
oka and Lane, 1997; T - /LI, 1998; fid - =,
2001; Mg, 2001). ZO#EE, KHEHAKROE
PR LCaz—os by, 72ELP
¥ Leptobotia curta®® A ¥t > 7XT Acheilognathus
longipinnis %6 EDFH L B EUCEE LR HE L MR
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THIENDHAH (B, 1997, HH, 1997).

KHEBAKRZEBSGPTE LTHHET 5 E A8
&, IA Bl E LHRKATH L. LR
@*#)IWJ Hi310 Fh36fE (F/oI13HEME) (2B L8

RAKEDFER S NTZHS, RNNED B BERKE
@%ﬁﬁf%mﬁﬁﬁ;éﬂ EHIZEDHED
80% L EN A RBIEHIZL o THO LN T
(Hosoya, 1982). HEHLE ZH OKE KRN
SII26 BOBHESIIL L7225, a4 BEEH A
1365% % LAl > TV 7= (Iguchi et al., 1999). HZA
FIETIE, KEEMS (&) hITBES) ~FET
THIZHE, RAKAIZED B LAERDOEEH
B R AEAD H S (FEIEAD, 2002; KR - NE,
2002). T7oREIFFIZ, FEELAMIOEZANLT
MEREBIZHRT B BRI Al EHE CHET
LIEMbALDLNS (OKEF, 1987). MWEHER
M HIE SN TV B HRKABIE, ¥ 7T Caras-
sius auratus langsdorfii, ¥ 37 Misgurnus anguil-
licaudatus, ¢ L F < X Clarias fuscus, * 5 h
Oryzias latipes, 715X 7 Gambusia affinis, 5 4 7
v F ¥ ¥ 3 Macropodus opercularis, 377 % A4
Channa asiatica, % 7} % Monopterus albus, /3
7 3/ R Rhinogobius sp. YB, T A/NF7 3L/
K1) Rhinogobius sp. BB 7% EAFDOFEIZIRE S 1,
L2 b ZDE ARG E B TRIES N,
RHRTEEL TV #EE D > TS (JIHF
&R - JKEF, 1989).

TABBIICZ LOCEEERIC BT 5 iR
Tid, ALOEEZ L E LCABEEEEI TR S
n, FEMNGEBSGHFHPRBAINTVS LT
BEINnb, FTTRBIE, ffEoifTbhbh T’
BREIIBWT, BEOEBLATE L TKHEBAK

RORI-TREEHL2ITTHHNT, SEMEE
%@%% FFIZoOVWTHEZER L. BAER

BHTORESRG*HEANICFHEL, ETEATEOH
BTl 2RESGEOBRTEERAOT, 22
IZHRET 5.

RESAT & A

FAE 2002411 A8 9HICHRENEIN O
KEDO—KRIIBWT, AHEHOFH LS CIZRE
FHDHERITo /2. AEGRE LKEL»S,
DAENB O TIIFH DD E D& B A
ENiio, RELOEBADS, FIEOFEMITR
ErnZeETs, ER25kmOMiE®RET S
KR (BimEat) I2B8WT, KEMEEESL
LT, BBLIZF100mDORERBT, A5t2503EH

J(St. 1-25) ki, wLEmBEost 1%, KiE
ETOHEAKBIAET L. ABEHICE bR
LURERE, ERRIZENS. St4€’ﬁ§%2€f‘y)
»H, ARG 7CHERIZG > T, IR
i< LI B, St 16%@%%&@% LM
Z, MEICIET Y70 —THKIPLEL2IHLIED 5.
B PN /oSt 9D TFRICIE, WO FTE 5
(12700 m DEEHEIEAYE <. St.4724°5 St. 16 £ TOK
Bk, EEEAKE L ToOBELHEEL L, ED
HEHI 2 EANDFVMZOENT VB EZEDH 5.
F7:, St 142LIZESGN LI L TRNA/NED
SlEL, St I6DE T THURINEERT A, 2
D/NEIZIB->T, St 205 St. 25 F T6DDFHE
WEEHRE L. AELUBIROREIMTbONT
BLT, EBMIIKDE|EARI LN o7, —F
BORKRPRESE—ELTBELY, ALHEEY
M LB EmIITbTw vy, REOH
KENIEDOFERE W i CHBS ISR L
wWhd b [EHEMEE] (HE, 1998 H4,
1999; %%, 2000) (ZH|-o 72 KEN AEBE ST
WAIEIETH o7z,
AHORMIIIHAV 2.5 mm O FHE % Fv 7o,
3EDEHSHTEOREL TV, 1HIFE L) DOF
EREDTENR IS DB & 5 L9 IZH) ediz, 7o
721, FHEIC L BEBERRIIKELKEDIRILD
FEEZTL0, REMSRHT, BESHED
—FELTW/EEER R\, F7, HEMKED
Ho72St 1 HNCSL 1312BWTIE, FHHEICLS
HIESEDOE S 2 H) BWT, FHEREIETL-
TIRIZEB5HEOFELERRL7-. EOFEE
e b NRE - (REOFHINITRERR ) D35 T
TV, B THROBREEZ LTz, 72720,
BGIBWTIEHELRRIENE L\ E BT S hof
oI, 1EKRE RV VEEERE L,
FHOBEICMH L., HLREoEROHIZIE
WhWwbsLy FF—% 7y ZIZRBHEINTW AR
VERIIEIN TR o7 BRIBAE, 1999 ; KE
Fr, 1998). =¥, ##IIHI5 (2000) (ZHE-7-.
FEHEOBEESMG L LT, FE(cm), KiE
(cm), ViE (cm/s), ETEE (%), KEY 1 7,
ZERRE (%) % b I HEW R B E (%) ZllE L
7o KR, JKEERERTHR B O RIEECllE L 7.
MEIIKEFHETHE L, 7ox7AGE
(Model 3631, YOKOGAWA, H5i) #fHEH L7-.
%P, RHEENC X B HERS & T 05 AT
LT3, ﬁ?*ﬁ‘@ﬁﬁ..ﬁ 0.0lcm/s =52 7-. iﬁﬁj\
B O EIIEFREE (ISMIll-E, iuchi, K
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W) 2R L. &b, AESRESHCIZHE
BRAEZTRIAEEIZXLTIE, EEL, 01%%
%1# &E&%7uﬁ TREICED X, EER

BHECTERLA. B (HFO6mmUT),
(lmml«i—l‘_ AR (4mm L), # (256 mm LA

T), BB (2s6mmbll) 2 &#IL, BETLK
BB LTIdbsnrarv5 27, AEL VX
TEHINZEREICEO 5IEHBBHTOE S EE
FiZR (insolation) L EFE L, HEDEBREOHL L
L7z, ZBREsRid, MiEFSoKEE B2 RZEEs
el LT YVEBRES EIILT, T
Va—9—V 7 eflioTER L. EYWED S
WIIHEY OB AIKIE L% B ) WEOE S % HiY
EERE L, RERESICHE LZ25em HE
Berto< )y 7 A2 HWTHEE L7,

BT SHAIIBTLBBOLHEOHEEL L
T, TEEHE %M L7 (MacArthur, 1955). &%
BREE (H') 14,

H'== (n/N-log, n/N)

EEFRSN, n 3 OMEKETHY, NITHMER
BaRT.

O A BT O 2 AT 5 720
1, BBREAGEMY TR L iI3E IS

B ~DOBEERSET-o7:. SWEHICIE, HIE,
K, R, BORE, KES AT, ZERE,
W BRI YRS @MF&LT@ﬁ®ﬁ§
BREEMZ/. B, WEELLRLZERELLV
YR BERICOVWTIE, ALEH (0=
2sinT' P2y R L7 fRIS, AT L. B,
W Lo ERooiiE, BTy Wz,
REMSHEIHESHIEL —ESED I LPE
BEIIHNEETH - 72700, BEREE LKL
LTHWAZ EIZ#ELBTIE RV EHTS N/ &
IT, ERGAMOMHB - FFHRULEONT, 1
VAT Ay ZEERS TR HWT, BEFEETIV
DEE A A (EEIEAH, 2002; Morita and
Yamamoto, 2002). HBZERIE, FHbSEIC TZ)
BEAEOHME - FHBD2ME (1H5\1130) T
520605, BHEBICIEERS AT EHV,
TRV ECLD AT v 774 X (P,=0.05,
P, >0.10) x AW TEHOK Y AR % {To72. O
VAT 4 v 7 EERIE,

P= eu+h,.\[+b2.\‘Z +-+b,x, /(I + eu+b|_\‘+h_.,\'1 +tb,x, )

DX TEIN, PIIHBIFESR, al3EH, b, 135
BThHb.

& #

A IE1-TH, BET 2 L 24FEOHEN
"o N7 (Table 1). ¥ 7 AEAD Y F+ FIZFEEHH
HTHY, 7FF Anguilla japonica d H\ NI F A
F ¥ A. marmorata TH AT REED R I N7 D
7 FBsp (p). & LT—HLTH’o/Z, 77T F
TIE BN F F 7€ N ¥ Eleotris acanthopoma,

Table 1. List of fishes collected from sampling
stations along the paddy water system
on Iriomote Island

Taxon Station (total number)
Anguillidae
Anguilla marmorata St.5(1)
A. sp. (p).*! St.12, 14 (2)
Poeciliidae

Gambusia affinis St. 7-12. 20 (36)

Syngnathidae

Hippichthys spicifer St. 18 (1)
Kuhliidae
Kuhlia marginata St. 13 (2)
K. rupestris St. 1, 13(7)
Lutjanidae
Lutjanus argentimaculatus  St. 7, 13 (2)
Gerreidae
Gerres erythrourus St. 18 (1)
Eleotridae
Eleotris spp.** St.1.4,5,7,8. 11,
13, 14, 16-18. 23-25
(28)
Ophieleotris sp. St. 1,2 (2)

Hypseleotris cyprinoides St. 9, 11,20-22 (9)

Gobiidae

Redigobius bikolanus St.2.4-8.11-17, 25

(37

Mugilogobius chulae St. 21, 23.24 (9)
Pseudogobius javanicus St. 16, 18, 19.25 (5)
Oligolepis acutipennis St. 19 (2)
Pandaka lidwilli St. 17-19 (33)
P, trimaculata St. 13-16, 24. 25 (45)
Yongeichthys criniger St. 18. 19 (3)
Stenogobius sp. St. 7 (1)
Stiphodon

percnopterygionus St.3 (1)
Periophthalmus

argentilineatus St. 17-19, 23 (4)
Taenioides limicola St. 16 (1)

*! Including 4. japonica and A. marmorata.
*2Including E. acanthopoma, E. fusca and E.
melanosoma.
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TP ATTFITE. fuscals © FIZA 51 ANEE.
melanosoma H¥& TN T\ 7223, IRGIZBITHHEE
LRREENH LD o7DT, —ELTHTT IR
spp. E LTHho7:. ZOTNV—TIZET HIREM
BEOBR/NEEEREL, 145mm TH o7, HIRE
BabPEEIIETNAEEKE» BRSNS
WEEOEELIREL, FHTLE1.13E%0,
0.00 > % 2.65 D & 255 L 72 (Table 2).
BRIESMFICET A#EIEIC DWW T, Table 2142
L7z, RREIEAICEE L72St 17-19 T, el
IO U THELR L SCICETRENET A &
BFEINLY, REBOUEETRERI L.
F72, RWHIOFEE THKBNOFEMRAY 2 @K A

Table 2. Environmental data measured at stations
1-25 along the paddy water system
on Iriomote Island

Mean SD Max Min

Width (cm) 246.7 1352 650 100
Depth (cm) 305 188 75 9
Flow velocity

(cm/s) 1129 1579 51.82 0.01
Salinity (%o) 0.81 1.41 6 0.01
Substrate type*' 2 1.2 5 1
Insolation*? 1.14 028 1.60 0.70
Plant debris*? 0.88  0.79 2.50 0.06
Fish diversity .13 0.73 2.65 0.00

*! Variables scored as 1 to 5 according to the dominant
substratum (see text).
*2 Variables adjusted by angular-transformation.

Table 3.

fibhTwiah oz, St 20-25 TIIEEN %
KOFTADBBR SN oz, TNORESRMEIC
MELRRE LM CTERT AT AT /R, &7
D 97% & AT 5 6 DD ERS (PC1-6) 2175
7z (Table 3). RFEMED L ZFERTIZIE, B
W OHE (PCl), BORERE (PC2), KiE
(PC3), ®HFHBEDEL (PC4), LZORHME
(PC5) B & OHlikt o %4> (PCo) &2 9 T NI
5 E .

SHEM EASIE L6 DOMEEICOWT, Lk
FROPCI-6 VTR I AT 1 v 7R ZE
fTo72 (Table 4). Wb 1EZV L 2EOERST
I2&oT, AR mBTFHETVEEINL.
AYXVIEPCSICE T, #UTFITEAEI
PC41Z & - T, ¥ F TE N F Hypseleotris cypri-
noides \Z PC2 12 & » T, kF /¥ Redigobius
bikolanus \EPC2 72 5 NIZPC6IZ & o T, I VKD
I N Pandaka trimaculata (2 T /N P lidwilli
MR IzT=NEHEIIPCI 5 UPICPCIIZE o T,
I+ I b ¥ N Periophthalmus argentilineatus |3
PClIZk o T, HEBOFEIFHEHINL.

Z =

AEORETE, AFtHBEORELERTL
ENTET. FHABOERM CHENSHER INT
I+ 37095 A Acanthopagrus sivicolus, #* ¥ 77
7 7" Chelonodon patoca 3 & ¥4 & T4 Megalops
cyprinoides MR % L 27THEIZDITE. TOHFIX
FELTHAZVbDTE RV, #flziE, FEED
(2001) 25FHh ) GR38 D K EH Hhs CHERR L 72 f 4
o NREIGE X2, RESNTTHEDO) BT,

Eigenvalues of principal components 1-6 of environmental conditions

among 25 stations after VARIMAX rotation, with predictor loadings

PCl PC2 PC3 PC4 PC5 PCo6

Eigenvalue 1.875 1.757 1.082 1.065 1.048 0.934
Percentage of variance 23.44 21.96 13.53 13.31 13.11 11.67

(Cumulative percentage) (23.44) (45.40) (58.93) (72.24) (85.34) (97.01)
Width 0.865 —0.259 0.052 0.218 0.151 —0.203
Depth 0.177 —0.271 0.940 0.038 —0.025 0.062
Flow velocity —0.181 0.841 -0.377 —0.180 —0.171 —0.111
Salinity 0.956 —0.075 0.181 0.061 —0.065 —0.027
Substrate type —0.222 0.838 —-0.117 0.089 —0.001 —0.412
Insolation 0.034 —0.088 -0.014 —0.002 0.992 0.052
Plant debris —0.260 -0.437 0.077 —0.127 0.085 0.833
Fish diversity 0.172 —0.035 0.042 0.978 —0.003 —0.091
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717 277 ¥ Hippichthys spicifer, v 7%1) % F Ger-
res erythrourus, TNE, V LF/NY Yongeichthys
criniger, I I MENE, €T T T A K Tuenioides
limicola X, %O WHABGEHBIZIEE S 58K
BTHL. TOMD BTN VDWW B IRKMITTHY
T5H, MRKEIIH T ORT, LB
R 25 kBTH L (LEIIA, 2002). 1T
A Kuhlia marginata, * % 27 52134 K. rupestris B
XTI 7 L5 A Lutjanus argentimaculatus |3 JE7%
TERKBIZ, FTFFLRLCICAF T FFILRE
ThEEAICX G S NAE. FRD (4 T e A
LY, NITFIMSHELLTINERTESS
BN T/, WERERIZEDE AT T+ T
HEHEOEETE VI LY, MEKEOHEME L
TEHIND. 4B, RESN/IATTFTHA
HodiZix, brETEGFIEoFTEVwSY ST
FAE TN TV (B3R, 1991,1998).

RBEEMHICELIZT - S IIESTOTERLL
FRIODH T, BRHETI AT 4 v 7 ET VI
BEIN LD o7, BEOME - EHBUE LT
SN EETIEHEOHSKE {, HBE
RELTOEG LRI LTV adhoi. LA,
FRBD T2 T &I A B ET OBRE LG %
BEIICFHET 22L&, oY A7+ v 7
IR ~OBHANREL oo 72, BHEOEH - JE
R TR SN ERS A T 7IddE S
THELTEY, O ENVEEOHBOTFAIIEK
VoltbkEROLND.

ETIVICERHA SRR D 2 HTF-AafifeEd

5, BAEMEOBFTRIRICE > THO R %S %2 3
YBRESNEHRETAI LN TEL, AFYTY
X, AKEFSHBFKBICERT @R TR L
72, WOGHR (K77 7) Zif A TERSEEKA
CEBELTWA RO HN . BT 7 FTREMA
L, BEOELIREDIE VKBRS 2 @M
ERLA, AREEUERMAETCHLI LI
MET Lo MmN, ¥FTEFFIE, kDT
TEAJEE L RAME S T 2 KBRS A2 Em %
AL7:. KHOZ LWEEKRBIZEBT AT
ERNFE, IR TREOMNOER A 7%
BETICHBIT A ) CRIR, &ME). KEAEKR
I ETRABORENRLL 0D, Wi
DT & F ITE FXDRFEERTF T L0
IATIFLBEBL TS, LR, HdrdD
BUrBESTAEE M, 2B oMKkiEmDOZ
LWiICHB T 2 E@MAR L, AEIIEOER
IR BE AR TEIET A 7-0 (3E, 1989), HW»
MNEFLEVD) XD, ROMRE LKL #
Lo bDEMRENE., I VKR TN
BIZTwNERNMRA TP, o)
HY, LBIOKEDDBHAKBIZHIRT LEA %
RL7z. INSDAMTEEHROEEIBENTE
W AH CEH, 1989), ZD7-DIZITREIIAHD
BETHY, 3RTWMBRIEDS) DB 5 ZEMH MY %
DTHAH. IF3I FENEIL, NIEID B EKE
BMucHIT AEmE R L. 2, KA, F
WIEZIAFEHR T Ay 0 — TR O EE &S
DEFFTE LTWAI R RMLTWA, ALIE

Table 4. Logistic regression models for 6 taxonomic groups selected by stepwise method
on the basis of principle component scores

Taxon Variable Coefficient S.E. Wald (P) Odds ratio

Gambusia affinis PC5 1.189 0.597 3.966 (0.046) 3.283
constant —1.194 0.546 4.792 (0.029) 0.303

Eleotris spp. PC4 3.132 1.207 6.737 (0.009) 22914
constant 0.620 0.669 0.860 (0.354) 1.860

Hypseleotris cyprinoides PC2 —1.795 0.995 3.253 (0.071) 0.166
constant —2.047 0.809 6.400 (0.011) 0.129

Redigobius bikolanus PC2 0.979 0.589 2.760 (0.097) 2.663
PC6 —1.035 0.577 3.222(0.073) 0.355

constant 0.351 0.489 0.515(0.473) 1.420

Pandaka lidwilli PCl 3.623 1.812 3.997 (0.046) 37.457
P, trimaculata PC3 1.635 0.841 3.781 (0.052) 5.131
constant —0.161 0.725 0.050 (0.824) 0.851

Periophthalmus angentilineatus PC1 3.704 1.797 4.247 (0.039) 40.612
constant —1.590 0.764 4.329 (0.037) 0.204
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WoERIZ, KERAKROEBSFHZERNLZLD
CHE LRk v, SR EEICE] o 7o KHT
HNEZF, SFSELRBEZIVEH SN, £

DFER, ZREMGAHOKGENERINL LE
ZHN5.

BEEEOMIINIIIE, AHOFKICHD 2R E
WZESTER SN, Z0F F Tz b3 Iz
BIEEALLONS W (HE - B4, 1994). &
512, MEOEHICRVWEIELZEZ LTS D
DA%, 29 LIIRIRD S & T, @ LEES
W&o T, WKEBANORAGHIREINTLES.
BEBRALZENTELDI, FELRSETH
BRENZITH 7 FESWRIKONEEE & v TRE
Hx L LEANVHAIIBEONS, F7:, (KKEHE
BIIZABEEDORNF 2T ¥ Caranx sexfascia-
tus RO T =TT C ignobilisREALTED (K
T, 1989), EEEBTLETEIANLDBHT
HWEEIZSLENEHES) . BEEIIRBEDOREL
BWHITFIROEAHEICE 5T, BB L
W ZEDER DN, WAlR#ELEESE5 LT
WL Fh2iHz ThbEWVWR D, —F, FHIE
DT I ZHEC B KE AR, ATOED HRK
BETOT7T 7u—FARBENEL, BHRICED L
) B REREED v, F /o, Kk LToOR
BAVNS WDz, KElofmEgEEORAL D
BnEkEZONL, BLEEAIZE > T, BIEO
KHE#F L, BLIZERPEINDE TR FAVNELT
BOKBERET 2., RAKIBOBRTICZLVE
Bz BT, HNORERL)»RKHHKROEREL,
WIBYFITENXEECHT T F TEOEBY
FRELTEDDITEELREEZRILTVWEEE
Ao,

Eil f53
AKHEFREICHE L TIE, KHEFTE & OB L5
ZBo7. KHOFEICIDWTIE, MZ)|EA G
DE - WEREWEOWREERICHBURTEV /2. &
CASERCEHT 5. AWIFIIKET OB EKES
WMERERES RBEOPK 21T TfThh 7z
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