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Environmental evaluation of habitat for red-spotted masu salmon,
Oncorhynchus masou ishikawae and habitat choice of their short term movement
by release at the center of the study area in the Okuragawa stream, Fuji River system, Japan

Hirotaka NARASHIMA, Tatsuya SAITO, Taku NuMAZAWA, Masayoshi URUSHIHARA, Kouta ATHARA,
Naomasa KawasHIMA, Kunihiro SuzukI and [zumi AKAGAWA

Abstract

Successful competition between individuals of the Japanese Red-spotted masu salmon, Oncorhynchus masou ishikawae, a
mountain stream species, is directly related to body size, small sized individuals being so disadvantaged that they frequently
move between pools. However, few studies have been reported on consecutive short term movements of individual fish.
Individual red-spotted masu salmon movements were investigated over several days in the Okuragawa stream, Fuji River
system, Shizuoka Prefecture, Japan, using the mark recapture method. Ten stations (each 15m long) were established in the
upper reaches of the stream, above the Okura-dam, there being no further dams or artificial structures for river bank
protection. Environmental factors, including pool size, vegetation and cover, were evaluated on the basis of suitability for red-
spotted masu salmon habitat, resulting in the most upstream stations being determined as providing better habitat conditions
than those downstream. Captured fish were divided into three size classes, and released at the center of the study area and
their movements monitored. Small individuals moved upstream in significant numbers rather than downstream whereas
large ones dispersed equally both upstream and downstream, contrary to expectations based on the habitat evaluations. The
large individuals appeared to avoid sharing the same pool with other, similarly sized fish.
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[tz 40 T d % 7 FHLE O B8 LA 5, E oM
RIED W R LI D % 25> T .

T2, WEEOILFERAITKIRD LA CEE S,
2003) REARBHOETICL 2EEFEOME GkHS
1998) R EDEIRE L5 T I EDBMONT VDA, AF
% EOSHEB ORI ORI X D TREOBRBE L L
CHEALLCWA., IhoHUE L2 A BREORERE
TIEEEBETHY, bOURETHENLZHWE LA
BEMESNOOH L. LaL, JIEREOLBENGEZ

20134F12H 25 H %244 20144 2 H25H 28

* 1 BUBERFIEE AR E B YC T424-861  #be hidis K X 4773-20-1

* 2 HUBERSEEARE R AR T424-861  #FBE TS K IXHTH3-20-1

% 3 B UL R R S K S R K FEAR LR T 420-860 B Uk B 7l 22 X B 0T 9-6
* 4 W REAEBAIIFETT S L0 T418-0108 b UL S L % 2 Bi579-2

1145 3% (2014)



WG BAKE - FEiHE T - (S RTE - B ARk - HEULOK - IS ik - 5K FREA - AR A

Suruga Bay

Pacific Ocean

Shizuoka Prefecture

Study area
Okuragawa Stre

/I

Okura Dam Shibakawa

/ River

Fuji River

Study area

tributary

—

released point between
St. 5and 6

Fallen tree

<t 15m

Fig 1. Maps showing the study area in the Okuragawa stream (34°32'N. 138°57 E.) in Shizuoka Prefecture. Numericals 1~10 indicate

each station.

2FIEFT N, AT ORSEZTVHESI NS B
EHATWS (BB, 2004).

7 = 3 Oncorhynchus masou ishikawae % 3 U & 5 5]
JNE AR O BTN TR R 2 ER #2179 Z
EMSNTWD (Northeote, 1978). — ¢, Il Dl
R EVERE L, AR AR CREE R R 22 R O & D
CHEEMNZTWHATE (WETE) 2515 (Chapman,
1962). T 72, THHIESIZ BT 5 EAAOH 2T
— MY A LK o TREL, B—=A N TV —THNTIE
R A4 ZTHRFE L 72 AL 25 T2 B & 1 % (Bachman,
1984). Nakano et al. (1990) &, FEZMINIZ BT 2 Wi
DRI BN TP E RS Ak & oM ort&n
MARICHEEN T 5 LR L7z /2, F5EIEA (2013) T
(&, ANRE RS AW B 2 7~ T4 i
BN EBEDWIEINTHE, ZNLOMRIIHEMOE
B OBBIOARIZEH L TW5E05, RBOZERIZBIT 55
B oOBINIAEH L2ARIZZ L.
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AR TIZ, RIRDBERICBIFHMOBELZ 7~ T04
B UCEHili L7z, BUAERB L7 ~T % —»PricE &
DTS AT ETREZFHEL, SHKOBEZKEZ
EIBE L7z WICERT 27~ TOMEE LAY A4 X%
B, BRBIEEG & A B HEROEE A S 2L F
72, BREEFCTCOTIORBHORIE, K4 ATk
DB OENZ PR EHIWBWINCBTLT7<ITO
BH L OWEZITH) 2 LT, RROAEEROBEEICET
—imeH) 22 HE L7

MR ETE
FREH

AL 2 AT o 72 RN B U i o P A X2 5T
2F L, FEIBX TN E SR 28 LINKROMIT
b5 (Figl). KIKOWE L A HESE L THB IR Aa
MThsb (TH, 1944). EFHXOKF 7 HEOEIEA
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Table 1. Basis of physical environment assessment

Cat Scores
ategor
gory 0 1 2
Pools Max area <30.9 m 30.9-37.4 m 374 m<
Total of area <44.8 m 44.8-56.7 nd 56.7 m<
Max depth <67.5 cm 67.5-84.5 cm 84.5 cm<
Vegetation Riparian trees  Bank Open up One bank Both banks
Broad leaf tree - +
Cover Fallen tree - +
Root of tree - +
Percentage of <43% 43-75% 75%<
vegetation
Others Boulders <4 5-7 8<
Tributary - +

DIOX Y Bma#A&X E L, BEEIE4505-555m TF1%
BLid# 6 % T o 7. FPHOREAEIZ T A X Cryptomeria
japonica % EDO KM T, MAXMITIZIER LD AN TY
WEAHEFE L v, SRR X 7 ~ I Oncorhynchus masou
ishikawae, 7 7 7 N Phoxinus logowskii steindachneri &
71 V% Cottus pollux ® 3FEDO AT, FHAELX L Y 1.5km it
WCREY L0585 -0RFEOZN 25 O MO Fid 7%
Wy,

FEX D) B FiH S HiEElS0m X H (Figl) % ik
FHINZ15m S ECKY ) A7 - 3 Y1~10% ik, £ A
T — ¥ a v O OREEHN &L BEFERBERE T 72,

IRE

A X OBRBEEEM % 20114E 9 A21 H AT 572, AT —¥
gy TEITYIOERTAIETN, AREMELTO
WOBE A X, LEOID O &% T 52D
DFEWEAR R 7 v TORNE & 7% 55E#m L Lot (L
etal,1994), X577 ~T0LERMOLRM P AHE
K& LTz (Nakano et al,, 1998) %, #EAr& LT
DI (Koizumi et al,, 2013) I2DOWTF DL e w9 IEHH
WCFEE®, TNENAT— a »r eI ufe M CErl
L7: (Table 1).

PoHF A4 1L, Moo kEORKFHEE L, AT
— 73 YHNORORKEVWROMKE TS % RKHK, AT —
Ya YNOETOROMMEZ G5 L G5HE, A7—
a3 Y ORKKED 3HH ZWE L. RomKibk s 45t
HRIEE AT — 2 a Y NOBAE A FERIX D50~75 %1 7
S1r, BwRME)BEVEEL 2mE Lz, ieRKEIE,
FEAT = a v OiKKEVPEREX D50~75% 7% 5 1
R, D% fEE D EwiaE 2 0me L.

A, T OIRBERR, RIEARDILZER TH 5 2, Wik
W, IS BRAERED 4 HE 2R WEDS b,

1145 3% (2014)

KT 2> 550cm BL EICHEFET 5 D 0 & FERERR, K2 5
50cm LF, d LIEAKFICHEAETADIDOZERDE L
7o WOFEREARIL, WoW RO A4S (Fig.2a, b) 128
HL, WECHI28, FHEOALL 1 NES 2, B
MOREDORED, REMZS5I1X1 M, ZRUSHI0 S E
L7z i, BIRRE2 SR/ I L2AKOM (Fig2e,
d) BhhIzEnehl pmr bz 7z BEIERICE > 5 h
AOEEE AR TRDZ. FAERHNOETORIZOWTH
ExRD, H£AT— 3 YNOROFIEAB0~75% % 5
18, BBz Twiud2me L.

ZoMOEH I, finfh LRIV THAR fimAIEA
T—3a YNOBEZRScm L LA OB Tz, KFAT
— ¥ a v Ofnf DI O F-HEE AT FEERX N D50~75 % fiti ©
WA 1E, B%EEBITwE2 HE L K #
ETHIXL M2 272,

BEFERER

T TOMMBEFAE Sts.1~101ICB W THES H 2 H,
6 H, 100, 20H, 29H, 9 H10H, 13HI T->7=. i
FrlL 27 ha7 4 v ¥y — (SMITH-ROOT INC., MODEL
12B, U'F, YavAh—,t3%) 2L 3~4 ATIT
W, LAY ay =R E#Y, BhEiolkF
ST HEPOHES 2 AT THIEL, 8H 6 HLL
DR TIEZHIZT ADPERS TS T L > THiD &L
AL 72

WELERITEXEZMEL, A4 X253 L
(UM, <100mm % F1; 78, 100mm=, <150mm %7 ;
KA, 150mm< % #), fERF o N—%R L) Ry ¥
7 (ZiHH L M A L, 30mm x 20mm) % g &
FEDORNHENT T2, Y a v h—0BENRLRL o2k
ZffEaEfE, CTEAHEZTRL, FAEXOPYIET S Stb
& SLODRNCHIE L7z, @D 8 H 2 HICHiE L 72k
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Fig.2. Photographs showing the examples of the environmental evaluations in the Okuragawa stream. (a) Riparian trees along both riv-
ersides in St.9. (b) Cover degree less than 50% in St.2. Circle indicates the river surface with cover less than 50%. (c) Fallen
trees over the pool in St.4. (d) Roots of tree in the stream in St.5.

DWTIE, B A SR L o7, 8 H 6 HURRICHE
S N EARE, TAE T 2 REER LAz, 0 Il AR A AR 1
Sto& St6DBIIHGE L, FFAE AR AR I PRl Ry & W) U Hb
WA L7z, ¥ 703 Lz L b s fEkix, St
St.6D BB L 72, FRAHEIREIC St7~10CTHiifE 2 7z
A% Eii 8, Stl~ 4 CTHiE S Nk % Tima)

Stok St6THE S N-MkidEE L B/ Lz MM
KIZOWT, Fi#E COHE, Bt S 0B Jn
(L3 - Fog) sk, AR A X2 THNT.

ETERAT

AT =3 a YHOBRBEHIIC B 2 £HE OB
Mann-Whitney U-test % I \» 7z, #ill 4E o 8% B o e g 1%
Kruskal-Wallis test % w72, A7 —3 3> Zstn7~T
ORI % LT 5 2512 yotest & FV 72, BEhFHEEIE
Bicon, 7TI0H A ZRIOBEMEOENEZHLNIIT S
72 ® 2 2-sample test for equality of proportions % H > 7.
% 7: R E) & TimBE O 71 & FHEL pPtest & VT
WL 7z WA LI (St1~4) & Tk (St7~10)

4

W Tl L 7.
ER

IR

FEEX OBREFMoOT—% (Table2) L& A7 —3 3
O (Figd) %,/ L7z, FEEBRXMNICIEFER340 I A4
HEN, HAT—va yOREIETFH34+14 (mean *
SD), &% x5 (St1,5 6) T, wANF 1M (St3) T
Hotz FiiBe LimFBOMOBITH B 2T M) - /2
(Mann-WhitneyU-test, U=9.5, P>0.05). il o T (3 T
¥135+13.1 (1.2~574) niTH - 7. KHEFED ML
St9, mAMHR ORI St2IH -7z LaL, Fiike -
TR TH MO WA A E %213 - 72 (Mann-
WhitneyU-test, U=45, P>0.05). £ A7 —> 3 YIZBUF
M ORKEE D TRl e LiiBlcA & 23 8- 72
(Mann-WhitneyU-test, U=5, P>0.05). DO &AM T
&, mKIE SLIDT7.1m T, Mw/ME St2D24.7m Tdh - 7-.
WDKK IZFEIE695+19.1 (40~125) cm & 72 - 7.

R AT [HE—H % & 3L
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Table 2. Result of characteristics at each station in Okuragawa Stream

Lower part Middle part Upper part
Stl St2  St3 St4 Stb St6 St.7 St8  St9  St10
Pool Number 5 3 1 4 5 5 3 3 2 3
Maximum area (nd) 11.8 139 40 36 103 338 365 165 574 28
Total area (nf) 39.8 247 40 50 29.2  68.1 49.7 282 771 529
Maximum depth (cm) 55 60 84 66 59 31 69 60 102 86
SD 10 8 19 9 15 8 8 22 12
Vegetation Bank - - - One  One Both Both Both Both Both
.. bank bank
Riparian trees Broad leaf
road lea + - - - + + - + + +
tree
Cover Fallen trees - - - + - - - - - -
Roots of tree - - + + + - - - - -
Mean percentage of Mean 14 10 90 12.5 40 46 10 73.3 80 60
vegetation SD 31.3 10 25 33.2 288 10 15.3 0 10
Others Number of boulders 4 3 2 4 4 8 8 6 5 12
Tributary - - + + + + + - - -
14
Lower part Middle part Upper part .
< Maximum pool area
12
CTotal pool area
10 7 Maximum pool depth
8 - — 8 Vegitation of banks
o
N
a § B Fallen tree
8 \
E @ Parcentage of vegetation
‘7 =
o) Roots of tree and woody
s debris
2 - H
i © Nunber of bourder
0 . T 1 Tributary
1 2 6 7
Station number

Fig.3. Result of environmental assessment at each station.
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wOEVIL SLIIZ, b FEVRIZSLIE Stdildh o7z
L2, TiiBe Lo KAKRIITARE 22T -
72 (Mann-WhitneyU-test, U=39.5, P>0.05).

FEEBRXNORZ B ) EEAOHEE L, FH T
333% (n=34) THo7=A, FEEBEXHNO Lo St.7~
10253536 +31.4% (n=11) L&V L, Tl
TIE St1-4TIEFI185+31.0% (n=13) &% o7 F
72, St5~ 6 DI DOPEE1343.0£295% (n=10) TH -
720 WOBEEEIX St1~4 & Sth~6& St7~10I2B VT L
WA ) 1EEFFIE L 2o 72 (Kruskal-Wallis test, x
2=5.9915, P<0.05). jMEEARO)LZERHE St.1, 5, 6, 8~1012
GEINTW EikE LT, BRI StAUZORER SN
7o, ROWDBINOHIZE Y B35, St.3~5 THERS
nr:.

BAIEBAT— 2 3 Y OERSNF5.6+3.0 (fF),
St10ICiR b £ <, T2 TH o7z, T2, L
(St.6~10) X Tt (St1~5) XV HEICL L DEAH
48 L 72 (Mann-WhitneyU-test, U= 0, P<0.01). i
1d St.3& SthE St7E 0% 1 AR S Nz,

WP BRBEEH DA, DB RAE o 72D1E St9T
2 Emor. WMoY 4 XIER, MoRKERE (574
m), GEtHfE (77.0nm), fwAKE (102.5cm) TE TR
FHATER Lz FROMRILER OMAEDTFEL,
BV (80%) 25 o 7z, IR ASE D - 72D 1 St.6
TlIE & %2572 Steld, Mo AKE (81.8cm) & I
ORAE LB (46%) TRHEDD -7z RIS HEDH >
72 St10k, Mo AENRE (53.0nd) & AKE (86.7cm)
WERTW, MAERROWRICHEEL, HEDE»- 72
(60%). F7z, WARTHREEZE (25). StTIZHO
BORMiAE (36.5n) & AKE (69.7cm), $z47 I HE
N (n=8), XLIMIZX B H > 72, St3F IO He K
B (40nd) &I KkiE (84cm) B L OHEAEDOHEEE (90%)
WENRTEBY, StAULERY CTIEAROM L FHRADMm )T
BEEHY, SHICKRICLHEHEL D72, — T,
St21 IR D IFEAMEL 0 5 TH o 72, EERIX O35 I
63 THY, HAT—YarOBBHIIOVWTTREE L
MR CHELRZIZR SN %o 72 (Mann-WhitneyU-test,
U=4, P>0.05). ZOHEIPLHFEXHATT v TICE 5
TiOIFHEZERBEEISLOTHY, /2 7vITDER
IR DM S R WERIRIE St2s o7,

BEIFHRER

7 ROFECTEBATIKRZ L 72, WL ~TD
KR L 131054 +25.8 (63~180) mm THh -7z, #
W S N7z 7 < TIE230MER CTH o 72, FHliESI T
~ X7 A (R 032.8%) T, FHREAEIR
107.6 252 (72~174) mm T - 72. FHHME S W2k
D9 H1sMEE (W D6.3%, FHHMED19.1%) & 3 [H]
s, S5I2Z209 b 4K (FMEHEDL14%, 2

6

[ D4.8%) 1% 4 W S 7z SR o ) — k(12
BB RETHERFII5BITH - 7.

WA U 7R AREUE St10h% R H £ < (n=43), St.3
P db Vs o7z (n=13, Figda). LH» L, K¥ A4 X
& OB EIZA T — Y 3 VB THE R ENRD
NZeh o7z (Yiest, y’cal=21.13, P>0.05) (Fig.4a). Tl
AR TIE St DL (n=23), St22%d D hn
572 (n=1). BMEMEEIIEY A4 XL ORiEmELED
AT =3 a VIETRRLZEME SN (Uest, yical=
16.98, P<<0.1) (Fig.4b).

ANEUE R SE6, 7, 8T S M7k A Kk b4 < (n=
11), St2wd B %h o7 (n=1). FmBHTIE StI~
ORENIRE TH-o7: (n=6). LEBHTILS7 - 8~0
BEIHN L olxt L, St9, 10~BE) L 72k 4 7% % -
72 (St9,n=13: St.10,n=3).

FRREARIE SL6TE B S N7z (n=14). BEL
AR TIE SLANDBE D IR D L o7z (n=6). Tl
Tl St21ICBE) L 72k W hr o 72012 L, B~
FZAT =T a VBB LT KEMERIE Stel et L
AR D Lo (n=3). LRBEITIX SL7UAMC
BEIL, THBEITId St2LAMIRE L T,

B2 o Fii T CoRBHEE 3 H, REHII42H
E o7z (Figh). Wis» 5 3 ~12H #%121% Ei75~90m
TAMRERPEHE SN, £729 HIZIZIETH5m 5 5
Pl s N7z (Figh). mATHMAMMF® 9 HEIZ150m
BEL-EAD W T2, LB E TRBHOBH T
e BB B AR SN (fiest, yical=10.94, P<
0.05).

Wi L7z B il & R o4 X2 5 2 TEIZRE U
ACBE E BIENR SN IR B BE L TR
A E RN 5172 (2-sample test for equality of pro-
portions, P<0.01, Fig.6). Tifsh & E@EDILFETIIED
H LA H S N7z (2-sample test for equality of propor-
tions, P<0.1). /MUK - KAEVEMR X D i~ a3
5 E G055 £ (2-sample test for equality of proportions, P
<0.05), A ZAHRKRELBDICONTREFINICHD &
Rohi{ ko7 (Figh). T/, w - KREEAKTEED
RPN EA L ) AEICE D> - 72 (2-sample test for
equality of proportions, P<0.05).

zZE

TR

FWEBIIZEHEEI D BVAT =3 a YL L, EiE
HOAT—3 a2 id, FChit A XoHHTHALTY
7o, MEOWZETIE, HrRHEO B R L R OB K
ORI IEDHENA SN2 Z &5 (Bowlby and Roff,
1986; Murphy et al., 1986; Fausch and Northcote, 1992), #
WFZEIZB VT ROV A X% 7~ TOEBWI L L TRl

R AT [HE—H % & 3L
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Fig.4.
captured (b) ateach station. Arrow shows the released point.

L7z, F72, KEMROEINIHEZE 2 SHES NI
72 % (Schlosser, 1987; Harvey and Stewart, 1991), St.9®
X O RO & SRR 2 AR LZEINL, 7
RITOWMEREEEZ OND. —F, StI0TIElEA DK
HIEB I v (Table 2). BAD X 9 ViRl z i
HHN=ORVIEMNT D Z E1E, RN LB Z RIS
L, 7R ofEIcE > THME % % (Faucsh, 1993;
Mclaughlin and Noakes, 1998). F 7z, LTRSS 7
9 REROEHE (63.6+314%, n=11) &, &
EEMBHE O & O H RERT#I R (Brown and Krygier, 1970,

1145 3% (2014)

Small (<100mmFL), middle (100mmFL<, <150mmFL) and large (150mmFL<) individual number of captured (a) and re-

A - E R, 1989) 12 X B KR LAMIHIREDSSH D, B
MARZNDO L THEFSFE R I N— OB EZHGT 5
(Beschta and Paltts, 1986; Bisson et al., 1987).

T TR O 72 > 72 SAC D BRI X O T —
BIAPR SN/ BIRICE - TER I A3 AEOLR
WHTIZE 5o CEETH Y (Bisson et al., 1987), #hiH 5
H%E3DI2# L (Everett and Ruiz, 1993), #9 X 5K
TEMET D A N—% M9 5 (Shirvell, 1990). 72, St.3
~S5 T HEAROBUIKRPIZBIT B A= 7%5. W)l
NOREEY I EE OBR %MD (Halfman, 1981), Tl
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Fig.5. Days after release and distance from release point of recaptured fish.
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Fig.6. Percentage of migration and resident individuals in each size class. The small individuals significantly migrated upstream than

middle and large individuals (2-sample test for equality of proportions, P<0.01).

FLH DS OY R 7 T %2 3863 % (Reinhard and
Healey, 1997) & 3:12, & FE QBB IS ABAKE T3 3
HN—IZBRBENE % 5

ML 9 % (Fausch, 1993).

8

OLREDND B EABZENTWS (DeVore and White,
1978; McMahon and Hartman, 1989). —77, St2i3ix d #F
fliAME L, EOHEHTHHET LI LKL r o7 (0

R AT [HE—H % & 3L
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M, Fig3). L72d 5T, HICFHIOE W St9, 10124 <
DOTINVETY, THTIESLIZE L DT~ IThEH§
bEFHENT.

BEIFHRER

—ODWIZER L TT T2 RRT 5 L%, Bk
MR O Fikosivy (MBS, 1989) 7 TORE 2 HRT
LI ENMETE S, AR EZ O CHBFICAHME
5 K B & (Jenkins, 1969; Bachman, 1984; Nakano,
1994, 1995a) HRE % L w7z (Figb). 7~ IO EX
RN OFERBS I L - TL1L$ %5 (Nakano et al., 1991)
729, KA XK E VAR LD EoA BT 5 R E
WA EE2MITBILEEZONS. KAMEAKIZ,
s A A LT KEVER L i 2 32 L 0, BE)
LCAEBIOESEZ BT EORTHEMMEERICZD D
5. XoT, KEMEKoOBEIIHAERRSNE 2722
L, St2o & ) HRARICARBEY BB TR VWIRD, $5
FREEA D % R 3 & D EEMIC =M A FH L HF O
B2 10X 20N5Z E2RIRT 5.

—J5, NEEARIZAE SRR AME C EoRICB W THAF
WARMEZ O LRELY. XoT, HEERENZ W
LR ANERBBHTL2MEIEho72FEZOND
(Fig6). L22L, BEVEORBEICL T EHETE ZRTI
%<, BEYEORETOMERE OMNBEFICSH IS
CLgETE S, T, AEHOBEKIIIE RIS TH
M3 5720 (AR, 1976 5 AL, 1991), Wik DOEHN
NI BB 21T 5 LA IS HIRA 205 L& 2 bR
5. FFI2St9, 100 Tl SLIDRITK & 2E Az D 5 72
OBETE A (n=2) W hhrolzBbhb.
ANEVER DR EYL, HFEBRBENO B HIET—/ T, i
W) & T ORI RERE L RN S BB D B
BEHRISNTWS LHEEIND. Zokkkiliikii<, f#
RT3 & BB & o BRI, KEEEREBEI O A T —
3 UHBGHL Tz, PR T R R S TRE) L
TWAIZHlDHL LT SLOIEMET A (n=14) 29D
%o 2], BREFEOEr o AT —va vIci B
gL CTwizri (Figd), /ARG BB < b 2FA6 o 5
WSt9, 10Tk A< (n=5), XViEwvSt7, 8IIBEZIT
Vv o(n=11), TFRIMTIEPRRMEELGZL il Sz Stz
ROBZ, SLICEZ LA BEHL TOWZZE~NOENITIIR D
(Fig4). BBEEH CRAKCTH - 72 SL2T 7 ~ T I M 12
D7 (Figd), 4 OBEBGEHI L —3H LTz,

KEINIBT 27~ TOEMAMIBT 2 BE) & A4 O ihE#
PFUTOWTHRGES 5. 9, REEHIIC L - T, HAEXN
TR ERMA 7~ T - THRERBRBETH 5 2 & A5k
ANz, EBEOARBHGERICERT L, NMIEATIE E
WHINOBEPHEICL L, HEEREZ RO TRIZ T
BUREVEDS) sz 7z, —T7, BBEOfTbhzmlT,
TXIOBEETIHRMICEL < BES, 2013), Aige
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EBEOM DR > Tz, RIFFE TR BRI B)
WHIEEZ RS, PRERIEIEET2 500K EL 05
7o W U7z SL6DBRBERFA AN <, ok A Ao K&
R EEE Lz e s, IE TOMELFEICT
<~ TORE) L EROMEAIIAEY 4 XIEAFE (Jenkins, 1969;
Bachman, 1984; Fausch, 1984; Elliott, 1990; Nakano,
1995a) L T2 EEZRIET 5.
WD 7~ TOBE) - @ E % BBl OR R & O/
frxhdE, REXNOEADO A ERHBERES
n7z (n=227, r=08175, P<0.05, Fig.7a). K% 4 X % 4
F5E, A EMEND - 2013/ - FERERO A TH -
7z (Fig.7b,¢). LA L, ®f & FHMEEARIZEToR
A X CTHBEGHEAPA SN o7z, Tz, BBEFHIiO
PR E AN, PR A O B A R AHBE AL S
Nadolzlzd, AFEOREEHETIX, 7~ T DL
BIUZOWT A LA R 2D - 72 (Fig.).
AWFFETIE, ERITOBENNIEAD A, FiR T~
By R RoNz 2hud, 7T IoMEEER
M ORENEES 2B SN L7280 (Nakano et al., 1991),
HEUMETHLEEZ NS, KEMEAITE 0L BT
BEELLZWVIRY, ZORMNTHEE - BRI 7% 220 %
FHT2IEATELD, SHOBHERD X HIZFHT
IR Z 9 5 % ERFEDYEZ R TRE) Z# ) K50
BixhweEzZ o5, L LNEKE BB ST
XLZEMT I ) KBOBEROBEIZL DPE s 20,
AU TOUFE 772 % RO TRE 21T\, BENLICHIRD
EREZ B ZENTENIRENFETE, EAETE RV
E TAF 2 IRW T T 2 R § kAT | (Dawkins,
1980) ZFFM L, HIZWIINZRE L 22050 %RE L, Hb
X CIZHIE Y o2 0o L E 2 b5, Z L CHHREE
I, KREVERIZ ETIE VR X D & I8 720 22 %
FHTE L. 2070, BHoOKmE LTiE, - Ficm
FZFARREOBEEN Z A 7205, —HTEfELT#IRT 5
RDSINLE ) S otz 4RI, SEORERET) & i
Y EDbY ZEHI L, MBS U724 B IR E OB
P& D Z & A& ) IR BRI & 7~ T A F
ROEHRZRET AH72DICLETHA.

B

RIFFEEATI IZH2D, KN TOMRAEZED THW
ZIHEHO RN ZBRICEE CEH 3 5. F 7500 K
B ge i & - 280885 o B AR TR AAH O T % 135 >
TIEL L HIC, WABRICET L7 FANAL A% L L THW 2, 3k
XHRBEIZOWTIE = 2 — Y — F » F Nagunguru O
Graham S. Hardy Wi+t IC BV L7z, REBICEROEGRE
WL ET.
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Fig.7. Relationships between number of boulders (diameter, 80cm<) and total number of captured (a), number of small (b), and
middle (c¢) individuals captured.
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Fig.8 Environmental evaluation score and individual number of captured (close) and recaptured (open). Captured and recaptured
number were not significantly related with environmental evaluation score (r=0.2593, P>0.05; r =0.3638, P>0.05, respectively).
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