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Pool cover preferences in white-spotted charr Salvelinus leucomaenis

under resting and stressed conditions

Yasunori YAMASHITA, Tomoyuki NAKAMURA,
Naoki SUZUKI and Kazumi SAKURAMOTO

Pool cover preferences were clarified in white-spotted charr Salvelinus leucomaenis under resting and

stressed conditions. A pool was constructed in a stream and six covers were placed in various locations on

the pool. Thus, covers were placed along the bank on the upper, middle, and lower parts of the pool, and

along the center line of the pool at the upstream, middle, and downstream parts of the pool. The placement

of the cover mouth (a hole in the cover used for access and feeding) relative to the direction of stream flow

was also varied in three ways: on the side of the cover, or on the downstream- or upstream-end of the cover.

Twenty charr were then introduced into the pool and the number of charr hiding under each cover was

counted under resting and stressed conditions. The charr preferred covers situated in the upstream part of

the pool under both resting and stressed conditions, with this tendency being more apparent under stressed

conditions. When resting, charr preferred covers with the cover mouths on the sides of the pool. However,

under stressed conditions, charr showed no preference for the position of the cover mouth.

X—T—=K:A49F, HoN—, BEe ERWET
20154E 3 H 4 H3Af 20154E 12 A 18 Hz#

WINCAERTAAHIZE > TEAGIE, Baael
KPS OEHEEGATE L TEZETH S (Devore and White
1978, Fausch 1984, Fausch and Northcote 1992) . [JI[1Z
BWTHBEORNGZERTAb0L LT, A, M
W (BEIRRHAZED), WMEOZ N, PEALDKIEH
P55 (Fausch 1984, Wesche et al. 1987, Heggenes
1988, Wang et al. 1996), F 7z, R KEEDO K X 7% i
blENG; & L THAET 5 (Fausch 1984, Wesche et al.
1987) o BRI O PFEFRIZ hiding place (WA T4 ¥ 77
LA R) % shelter ()% —), refuge (V) &z—7)
ThHb, LHL, WINIALT 5 MBEO LR, #

EEDGE T, ENY% cover (H3—) EIERT 5
ZEDL v, ABETH L OBEONF L EE L T
e HN— MY %,
ANNZAERS 2 7 BHBIZE > T AN ZEET
HY, BEEIKIGIZ I N=DLWIT E S T < R Salvelinus
Sontinalis X° =~ A Oncorhynchus mykiss, 71 v b AT —
NN F T b O. clarki, Y= X O. masou, ¥ ¥ ¥ 7 O.
kisutch DEARE R B 5134 > (Boussu 1954, Wesche
et al. 1987, Fausch and Northcote 1992, Inoue and Nakano
1998)c 72, AN—DRWVE ) HLHMDTTNAT
+ S. leucomaenis D EEMEIZTE { (Nakamura 2011), ¥

R REE N R R

¥ ENRIE B A OKERR AT L v & — B REBEI SR TN A A TR D

OB R I R K R A
T371-0036 HEBEFAIGETEEN 13

Fisheries Experimental Station, Department of Agriculture, Gunma Prefectural Government,

13, Shikishima, Maebashi, Gunma 371-0036, JAPAN

aeonenon@gmail.com



rRHEEEIC & o TH N — IS KRR G 2 5 ok
Wit & L CHEREST % (Bisson et al. 1987, Shirvell 1990,
Nakamura 2011), & 512, AN=DHL I EIZLY,
rRHMEEIZ D e WK AV F—T L) % Ofif & S
T X% (Fausch 1984),

AT FEWET T Y T FHEEHO—ETSH
0, BHROARMLECIEFITHINO EfiICERLTWS
(Kawanabe 1989), HARTIX, AFiX2> CILFEEEO E
LR CH o728, BUAEZ#EROMS & L CHGEAH
fFsnTwsd (FF2007), LA L, o, @il
HEZLLZERBEREOEMACHEICL > TZOLFEER
WAL TS (PR 1998), 2070, BHEEEZ HIY
& L7z NLREIRS O S A 7E 23 T b T v b (P
1999, fEjE - 4k 2005, HAT 5 2009), K2 BT 5 A FH
OEFMEILE < (Nakamura ef al. 2002), F 72, OB
(RS, B#E) ICERRLAN—0H LT EZFDME
MIZ5EFE CTd 5 (Nakamura 2011), SHEHD T EH 5,
HN=DH LI ERELZD, FWIChN—%2ElT 5 2
LIk, AEOEEANESEL LN TELLEE
AoNb, LoL, MHEDHLVIEHEETRE I N—D
HEGSlt, Bl 2T BT BALE, Ao AL X RIE,
B, BITE0@RSEOMAIIAILE L TWv5 (Nakamura
2011) o AMEIZ & o THF#E 7 71 85— DG S I 2%
L, & D RIRN 2GR DR %2 B o

F ZTARWIZETIE, WIZBIIFE A4 T F 08 /8—D
B Sk O R % 3 A 72

K (em)

MR ETE

HOER WA B YETH I ALE 3 5 ESLAFFE B 38 3 Ak
AR ANIZE Y v & — HERERITEET HOGT E 0 g % i
5 KER 200L/s OWINC, EX 8m, IE4m D% &k
L7z (BE 1, MOWME: FRBIEE0a Y 71) —
NDOBETH 572, T, LIImORBEL I, {ITARKR

MxZENT IV THD T, EEROZOITHE L7273 —LL
AN DRI DS HEVIRAEIZ L 7z, KIS 2 B RO
ELE - 72IREBIZ T 5 720, Y BIART O Lituifhii s
RODWL D LI L7z KR, EimAHE o
RERTHIS5ecm TH V), ZI00FHELAIELSRD, Lk
W22 B Sm O TR 20em &2 Y, F 05 Ttk E

U250 BREfE(m)

\

T 23— (N M & DA

oo

2.5m

| ]

2.5m

g iibe N
L. OB & Bl X U N — o fiiE

b



A T FDF N — IR

TIRIZZOES ThH o7z (K1), LI itisid i T
TR 15.5em/s, HRIAE TR 16.0em/s, Tt AT T
% 303cm/s TH o 720 WOJEIZITHREE S5 ~ 40mm D
P E, EBEHOMHIEM LRV L) ITRO T ihic 4
Haiko727 2 v A%kl Lz, Lilizowcix, L
TR &9 & L7 RBoREED 7 /8 — 125
TALRWE DT A0, MO Litins 5 8m OALE
2/ S 70cm DREDFEDEEZRITT, €2 TH
B ETED LI L, BEE TORDINEIZ 2m,
JKIEIL 8em TH > 720 T DNDKIFIFEKD -0, K
IZERZHE L TH10C TH 5,

HAN—DFEE 27—+ 70v 7 (REEXHIX
JE& =39cm X 19cm X 10cm) % IOFHIZEESZ, 20
FICRME LT 2a Ry oSV GlEfRa v
A, R #HETHEEL, hN-EER L (BE2),

R, MO TRINFEOZSNEDTY A TDAN—%
L TEo 7z AN—OH (RIKDOT) DAR— A,
ADIEBE 25 A A E0FE 39cm, 5 X 19cm, HAT & 39cm
Tholze IN—DOHFEFETEHLHIZ, HN—AO
(A=, o AL OFFICHE THONS
KA 27 2@ Lz (BH2), iz NigETH
TR D, M S EENIZEINCT Y P REE L,
FOHIZE= Y —FHE L TKRP A X T 0508 S % B
2172,

ORI & RO o, Eheh i, '
2L, T < OEE 6 FATIC A N —% 13 ORkE
L7z (K1, BE 1), Lk, WofRiiv, SO
rEEnENED, P E SRR, i, i
&, N < 22N, RE, R SRR
Do BRI EHULEE O B N — DU E O RS IE 1.8m
Th o7z W, HaEH, WRO I /N=I122nWTiE 2.5m
MR CHEL, WMo LEm,» o /N—OH.OEE T
D E I 0.5m, EH 3.0m, KL 5.5m TH o 72,
72721, AoN— AADSLEFME OBFEITOWTIE, KE
DHN—EREAE B L ORI & & F U aE L7z

. IN—= D8

EZH, KFA AT ORI OE LIARTIET 5
OB > CTHN—NEEETE ol ZD720,
ETOHIN—% A= AP & B LT & 0
HIZHRTTRIC 70em 5 L CRE L7z, k¥ 5 X
I, A= ALOmEE, fiucxh L CimE Gt
&), FTim&, ERm&Eo 3@y iczbses (5
B 1IN — AP E O%4)

SEA BEMUTZEE HOUT & CRMUETE S T B 15
KREIRETNNFED = v 237 4 TF S L pluvius D 2 5%
FEERIER L7z, k35 X912, 1 OERIZ20R
AL, JBC LA I AR L ZIZFEY A XD
MEMAL CEDORDEREIT- 720 HRANORIC
BUBATFD1 U EADOERBEEDR 0.6 E /m* &
W) fFEFBI (Tanida er al. 1989) 25H 5 Z & h b, K
Fgecld etz 20 B & L7z (%1213 0.63 )8 /mY),
R AOBEERRE LAE CPYEBEREE, n=20) (&
213.1 £ 5.0mm, 1354 + 12.0g TH > 72,

LB, AEo L) REETE, Ao mEE (FEik
BOWEDEN) AT HHE T2, EBEICEL LM
KT 203 HETHL, LrL, SENEEGE- 72
T A AW AE L SR TE B olzizd, itk
IICEERRZE LTI AL L, £72, #UH
BM TR HEMEZHRT L2008 TH 505, BE
SN LANER S Lzl & EBO A L AIZHIET 5
ME) DN L RV, A NI E B L7z,
KEFE - AODHRIA & DG, Titla & Oa,
LRI EDOREDNES, RO L) ICEHETIT- 72, RIS
st (20 B) 2RO L, 1 WRZEHC L7z, i
1R E L22BHNE, 12 AL OEDTRRD BV idHk
TR DL 1 R LA & IG5 & & S TS
B CHERR SN2 72D TH b WER, H/3—ITHIZW
BEOMEREE KT AT TEELTREELZ. 2O
iz [SFEE] o7F—% kL, 77— % ORiERE, 715~
DHFNZTFREL ANT, FlZWniraZBVWH L, ZL
T, 1 M OZHEE, FitofE¥Er s hfry, Lk
ZEbem & L7z,

FEEEOT =5 2 UER, TFEROLE L FKICH
N— AADHER & D4, ViR & o¥e, Lt & o
B ORI E I O LR A AT o 72 IS (20 B)
R L, 1M OZEE, 40 BERSEE D 7Y
TIZADHBENCTaREE L CGRTHEEEER 1mfs) B L
7%, P & FREOJTEET A N O B A OfEK
Haiidk Lz, TORMEE [ZRE] oF—% & L7,
SEEEEORE L FRICERZ 7 6 MfT- 720 BT 72012
e R, EFsS 3EE THR2S 3ETH
D, HHAE 1 EEEICER 2.

IS X 2 AN — O RRI & KB BREE & o Bt
FREET B 72, WO RICHEES (UA-002-64 HOBO
Pendant Temp/Light, 64K, Onset) % #%i& L C 547k
THAEE % Fdk L 72



N — KPR & DBAEI12DOWT 201347 A 18,
19 H, FiREOBAEIZOWTHSET A 30, 31 H, =
RAEDOLHEIIOWTHFETA31H, 8 A1HIZZEN
TNERE T 5720 1 HOEBROKTHRICIE, Axil»
SEUNL, EBEZAT - 720 & FRKDOKE DT L7z
KAl (A% 155em, 5 & 85cm O FRP I KM, Kij
50cm) AL, FOBOERIMH L7,

MR E ERONY — v (Bl FERTHIN—
AP & OYE) 12, ZNENOHN—THERS
7 EEELD 6 MO FEERD GEHE % 47 7N — OfF R
L7z, ZNHOT— 5 LAOIRRE (CFHEEE, ZmE)
BIUhN—ofSMt (AOmE @k, T, LBt ik
Wi AL © iy, WO b SERT T AT L B,
&, R DORIRE RN L7, SOIRER 7/ —D
FEMIC Lo TN —OFRMEGEE 7 0 AER L,
HOFMEDMEERAT o720 FHGTHTR —HAILE T NV ED
ST %L, REBEOEOBEZIT o /2H8HIE, FlziE
20 AN—FMH L5 128, IN—%fHAL%
WALV LI, ENETNDOT—F 2 LT
WHRWEDTH b, T— W alfrX 15| (a=2) O
HlEAA 2B L DEEERE, afTX bF] (a=2,

b=2) OGEEIHA2FERELRITo72. LEILEICD
WL, aftTX 15 (@a=3) LafrX2¥] (a=3) ®

%413 Bon Ferroni O i IEZ 1T\, afTX b % (a =2,

b=3) DGHEIERESNEITo 7z EBIE L /3N —

RSSO & 7N — iR IO BRI I2 1

Spearman D AN E 21T o720 WTNOMETD,
BARUEL 5% (p<0.05) & L7,

B R

TEE FERak (GF360R) T, /35— o gk
B 1318 (36.4%), Al FAEAEIL 229 )2 (63.6%)
THhYH (F1), FHEMAKL Y SFEREEROILEDF
BEBEIZEP 72 (WA 2FEICL2BEECERE
1’=26.678, df=1, p<0.0001),

HN— DR - AEHIZOWTAHN— A X 2%
HeaE (FED, #mMaofs (BH120R) 1I2h /73—
i F A PR B3 60 B2 (50.0%), A fi A 1K 3% 1 60

(50.0%), T EDga (B 120 B) 124y —1{f i E
¥ 40 B (33.3%), AMEHMEEEIZ 80 B (66.7%),
FimE s (BF1208) (23— A E AR 31
B (25.8%), AMEHMEAEIL 89 R (742%) TH - 720
AL DR & O T AR A & AR EE R D LRI
HEADPHEDO LN (I 4 2F/IRE 5 1 =15.865, df=2,
p<0.0001), HE[H & D H N — M HFEED =T 2
FICHRTHEEICE D> 72 (Bon Ferroni D#HIEIZ L A
ZEIE B E & TR E OM, x°=6857, df=1,
p=0.009 ; Hi[ & & R & DR, x°=14.886, df=1,
p£<0.0001 ; T & & B E oM, ©=1.620, df=1,
p=0.203)

HN—= LTz 131 BICDOWTH N — ORI
MV EICERHT 2L (F1D), RO —%2fHL
TWDIZ 708 (53.4%), O EDAN—%fFH L
TWwDlx 6l (46.6%) THY, MEHEDOM TR
HFEEIROON o7 (WA 2F|FEICLDBEEER
E 5 x’'=0.618, df=1, p=0432),

78— D 131 A2\ T A1 23 — D 5 [0 7 1

WHEHT 2 E (1), WEOANN—%2HHLTVW/iD
13832 (63.3%), WMEBHDOIN—%FHLTWVLD
133108 (23.7%), WA /N=%HEH L TW/iznld 17
B (13.0%) Tholze 3HEDMTHEICHEEENTAD
S (A4 2 R X B EMAERE | f°=55389, df=2,
p<0.0001), JEHD A3 —fHEHEAKD R IEMO 2 #12
WRTHEIZE D> 72 (Bon Ferroni DI X 5% E T
B T & RER O, =23.719, df=1, p<0.0001 ;
P &R DR, x*=43.560, df=1, p<0.0001 ; Jiss
ERBAOM, ,=4.083, df=1, p=0.043),
BT EBREK GF360E) T, A3N— oM K
k227 R (63.1%), AEAMEAELHKIE 133 (36.9%)
THY (£F2), FHMEEOEDO WA EIIE? -
To (WA 2B L DWMEEME ; °=24544, df=1,
p<0.0001) o

HN— AODMEIIEHT D E (F2), HNEO;
G Gr1o0R), TmEoEs GH120R2) &1
H N —EREARKIE 78 B (65.0%), AR IE
D27 350%), LmEoys (BHi120R8) 12k /-
AT 71 R (59.2%), AN AR E 1L 49 B

F1. PEHEBECIBITAAL 7O N—OfH - AR

To S —f MR RS

N T /N—
AnomE  m B BT A1 B I
j Ea RO MR Mg R B
i 60 42 18 37 13 10 60
T 40 11 29 26 13 1 80
R 31 17 14 20 5 6 89
# 131 70 61 83 31 17 229
*6EIDEFRD EF



A T FDH N — IR

K2 BRI BITAA T FOHN— O - AR

T2 S —ff LR RS

N FN—
7\71;/0\)?.:1% 2t T e 75 T 7 e 75 ra & R
" B ROE  MEE mss oy BEEEC
b 78 52 26 59 15 4 42
TR 78 32 46 62 13 3 42
b 71 48 23 57 7 7 49
# 227 132 95 178 35 14 133
*BEIDOEERDE F

(40.8%) TdHH, AODIAE O W Tl FE AR & A
RO IEFRICEEEIIFEDO SN0 572 (h 1 2 FEliE;
x°=1.169, df=2, p=0.558)

HN—AEH D 227 BT H 23— ORI 5 AT B 12
HEHTAE (£2), BIBVOAIN—%2HHL TV 0
X132 (582%), WO EDOA N—%fFHL Twiz
DIE9s)E (418%) TH Y, it o H /N —ffi FE R
DB HNEEIEG o7 (I A4 2FEIC L DBEEE
MUE 5 x°=6.031, df=1, p=0.014),

B N—fFH D 227 B AZ DWW T AN — O HEWT T 7 &

CEHT 2L (£2), HEOAIN=%FHL TV
X178 2 (78.4%), WEHOA N—%ffH L TWizo
13358 (154%), WAROAN—%FHL TWz0l 14
B (62%) Tholo 3HEDMTHIRICEEEDHD S
(A 2REEICE Z2MEEEMRE ; £°=210.511, df=2,
p<0.0001), 71 /N— RO RGO 2 FHIZHN
THETHEZICE L, MAICETHERT CAEEICE
77 72 (Bon Ferroni Dffi1F12 & % % & Ib# - il 5E & i
W OB, ,=96.005, df=1, p<0.0001 ; Jl¥E & kO
M, »°=140.083, df=1, p<0.0001 ; & &R O,
2°=9.000, df=1, p=0.003),
TEBECEMBOLER FEI (FF360E) Oh/3N—
R AR SO 131 ) (36.4%), Al AENE 229 )&
(63.6%) TH Y, T (5360 &) @ x— M
REUE 227 R (63.1%), AMEAMEMAEI 133 2 (36.9%)
Tholz (FE1, #2), THKR LMD M T E 7
ERERHBEERDILFRICEEED RO LI (I 1 2 FlE,;
1°=51.202, df=1, p<0.0001), ;DT AEHEAK D
EITE» - 72,

AN—=AAOMEICERTLHE (1, #£2), FE
O AN — AR (FF1312) 38 E 0% 412 60
& (45.8%), Tl D¥GAIZ40E (30.5%), Lk
EDOHAIZ31 R (23.7%) TH V), iy o AR (G
27 %) I EOLEIZT8E (344%), THRmED
WAIZTI8 1 (34.4%), LM E oA T71RE (31.2%)
THo720 ALADNE DV TR B & o ] ¢ff
MEEOFICEEZIBO SN R o7z (DA 2 Tl
E ;2 =4.879, df=2, p=0.087), 7272 L, pfH i 0.087
EZFNITERE %L, FRESHTTIE ALK & DY

BRSO FEEEO G AME RO LRI A B
ol FREEE AR =12.11, p=0.036),

HoN— ORI MM EICEET AL (F1, £2),
D A N — A AR RO B A 1270 B
(53.4%), HLBLEDOEAIZ6L R (46.6%) THY, &
WRE O AR A IRV OBEIC 132 R (58.2%),
PO EDEIC95 )R (41.8%) Th - 72 Kl f51h)
FLE AT DV TR R & B o ] C A A AR o s 1
HEZIBROONL o7z (B4 2F]ME ; =051,
df=1, p=0.386),

HoN—ORERTHTAMEICER T 5 & (1, %2), T
HRED J 3 — R AEULIRE OB 512 83 )& (63.3%),
WEROLHEIC3 R (237%), MROSHEIC1TRE
(13.0%) T#® v, il o HREEREIT RO S A2
178 )& (78.4%), MEHOEEIZ3IS R (15.4%), Hh
OEEIT 148 (62%) TH - 7zo MW HMEIZD W
TR L LSO THEICHEEE RO LN (7
4 2FMRE 5 £ =10.094, df=2, p=0.006), JBH, &
B, BMIRAEFENENICDOWT AL L, A= EED I,
LI CTIPR IR N TERIEO ) 5% {, RIRT
FERRE IR TPERO LD R Do 7o (BRI
B, PRI AEAE=13.11, p=0.002; R, FAEFEARIE
#=1221, p=0.028), & DO FEEF AL 11.9],
pIEIZ0.057 TH Y, AETIERVIEREIZILXTF
WD TS H N —F RO HERIT R &) B[ A3
HHNTz,

EBREBEHIN—FABEEHROBRFRE Ehbie
N—EHEAEOR (K2) 121&, BEmEEThN— A
A2 FRMEOGEICAELAOHMEIRED b
75 (Spearman O JJE A7 #H B # %€ 5 r=-0.841, p=0.036),
ENDUHNOGAETIIAELRMBEIEIROO N L2572
(Spearman D NERZAHBIMRE ; R - M) X, r=-0.334,
p=0518 ; s - M &, r=-0.116, p=0.827 ; ¥4
B - TN &, r=-0464, p=0.354; P - b
&, r=0309, p=0.552; s - LA &, £=0.088,
»=0.868)

BELHAN—FHEGBOBRFRE BEL I N —HHM
REO® (K3) 1, 78— ALPHEmE, Tt
&, LREZOWTNORETY, PRk, Zmkse



R B

15 - 15 . .
L ] L L ] e L ] ¢ ¢
10 o L 10 HR— A O D
5 5 EER:
O T—T—T—T—T—T1 O —T—T—T—T—T1
0O 1 2 3 4 5 6 o1 2 3 4 5 6
15 s
“\J L ] * L]
% 10 - . o ® 10 o I Hm—Ano
J . .
AR o 5T DESER
B0 47777 O 1T —T T T
01 2 3 4 5 6 0O 1 2 3 4 5 6
15 15 . .
L ] [ ] .
10 R 10 + . . HR— A O D
5 e . e e 5 R =i
0 T—TF—T—7—T T 0 T—F—T—T—T T
0O 1 2 3 4 5 6 o1 2 3 4 5 6
FEBRFIEKL

2. FEERNEE AN—NTHRR S N7 A 7 F DKL D B

bio, AELMBEIEERD SN -7 (Spearman DJE  LFIE, r=-0.059, p=0.912),

AR E @ R - B &, #=-0.395, p=0.439 ; %

W - B &, r=-0406, p=0425; P - Fitm  E =

&, r=-0.603, p=0.205 ; R - THIE, r=-0.588,

p=0219;FFF- Lt &, r=-0.339, p=0.510;Z1iF-  XKERE, BEOEE TR TAON TiRmEDGE

PR L SEqss
15 - ER .
10 4°% . ® 10 ¢ HoN— AHD
5 5 EESE:
O 717171 O 7T
0 1 2 3 4 5 0 1 2 3 4 5
—~ 15 A 15
= L
2071 101" HA— AR
%5 . 5 AE: T
\E[? *
S0 T T T T O T—T—T— T 711
0 1 2 3 4 5 0 1 2 3 4 5
15 15 4 o .
® @
10 + . 10 o HN— AOD
5 Heg . 5 1= i
0 1 — 0 = 1 1 T
0 1 2 3 4 5 0 1 2 3 4 5

HEREE (104 V7 R)

3. WFEEOMEE & A N—NTHERE S 724 7 F OEEE OB R



A T FDF N — IR

BRI & A oS — R A O B ICE OB 5
775, ZOMOMATIRmHE O BIEEICHBIEEED &
Nl o dz, B - AT E OAICEOMEL
OO NTHEIIAHTH 255, HEPH-7201ZZD
WEDHRTH DI DD, PIZITERIESDIZONTH
IN— TR B OERLL AR L CTHN— 2 5
AT 5 L) &9 B FEBR AR R MIT T 5
BUIRMChH oI b T2 Do T/, WEEL AN~
HREOMIAZ MRS 5T, FEERIFO Rk
B & 2 D b EBRFERISEEL RITE hdo
EEZ 5,

AN—DEE 4 NOEBRDIER, J 73— OHEwT AL
BIZDOWTAD L, FHERE, Zmires 12, R&Eh
FUCHATHRBED /13— O R IE % <, Z om
TR D ST DR E DS P 57204 T FICIE,
BT IC 5 B I N — |RITIAR T LT ko TR e
RS DH D B L EZ bND, —EICREED KR
T3, 1RBED A T HIZmINND L DEL, LD
HO/NSVEGFHCEMN L TR 5 2 8% (IR
2001, #i1A4: 2009) o F 72, TSI IEEEAYS <AL 720,
BT A BRI E > T AL F—EE I RIS
LY CTd A (Hughes 1992, Huntingford 1993, Nakano
1995)0 TNHDZ LN, KEDH > THEIE L,
MNTL BEEOENL N2, ED H /3 — Off FER
BULFEIFIZDE o722 b0 Ah, WolT), FF
LA I T R L D F 2N — oA R A
BHEh o720 AT F &GS BHOEIZERE O T #
TEAL <, %bIXY ZF> (Chapman 1962, if -
2 1996) o REEZZT T BRI O A 3 — 51
125 b i o THET 2KV 5 720, h&Eh
RWRD B3 — OB R S o7t FEZ BN D,

HN— OREMI LB IOV T A D &, BRI RN
WD B N — DE RIS 72 o 72 MBI BREE
HIUTTE R BT BB S A (Shirvell 1990), A 7 F 121,
RO A N—= DB LT B [HEE] L5 N&H
D00 d Ltk
AN—AODFRE ARIOERTIE, FHEEFIZATDTH
] & D 71 83— O EGRED S <, BRI ADDR &
DT H N — O BRI A o 720 BRI
FREAR B XN D 780, B AN—D AN X3 T 5%
I o7z 2 5N 5,

SRS A DRI & O B 8 — O RS 5 -
THEHAESET 5, MINCB A3 7 BHAaEoRESR
ZEMAMEI L o TE &5 (Fausch 1984, Rimmer
et al. 1984)  BLRFATRKIZ R D EMfiE L, AT
FEOBNRKT, BRBPOWIKRO DO T L F—HE
BRNDEFTH Y, ZNIELEODH T 5 ik
DRNFTOF U  DFEDE YT CH S (Fausch
1984, Rimmer et al. 1984) , AWM & ThH UL, 73—
DOHFIZWLMITHT LT 2R LTV, 72,

FEAEDIATE, AN—OHPIIRES ETOREM ST
B0, HEHICELNLTHEM LK, ZhicxtL
T, AADRTRHMEDAN—ZZFOHFIINELAIZE ST
BIICAMETH D, 8061, I ER»S
HNTLDDIZHN=DAOADN TR ZRNT WS 720,
HTTAEERLLIC WS THE, WaolE), Al
M ERINE DI N—DE4A1L, SRIOERTIZRV N
WEIE S N =D > TRNDEERT, BIEML
W WE IR A, DEDX )iz, AP E D
N—=1E, BNDBERTANVE—T, RBPOLEIZLD
% DA EE RS CH 5 720, PRI HEA
B 0o 72 BV B 5 6
BHRESEROBEE L LoReESE2S, MBI
AT FEDN=DERIZONT, RD2ODZENFR
bo D EDIE, FEEE, T7%b5IBAMICIEA LN
EDHN=DROWHICHLDONEVE V) I ETH
bo b)) UEDIE, B, b bR ICIZREED
FEFDICHN=DH D01, TOHGEIZALDME
BEFICERZVWE W) 2 ETH D,

22L, AHOERICEEATE R VWREL DL, T
bbb, FUEEZEYEL TEBRICEHLEZZE, B
FOALD LR XD N— %A X - TRAXOEE
CETEREDNEBICEKE L2 ETH L, 4, ERE
IZE A AR EH T A L LB, AOEDHIMZIN
WTWBRHN=ThHo COHBEMETH— L CERLT
VN H D E T2, TR TIE, M UHETH - T,
IR A R T 2 & 58 7 A BT O W FLAY S 13 22
72 % (Lewis 1969, Rimmer ef al. 1984, Bisson ef al. 1988,
Shirvell 1990, Fausch 1993), 4 HDEEIZE (7 A T
~ 8 A LA 1 ATbNIzDs, FEICL > T EHEED
IR KR IE 72 A (Rimmer ef al. 1984, McMahon
and Hartman 1989), & 512, F UMY A X0 TH-T
b, KERTHE, NIFSEC X o THf# % 7N — O E =
AADMEIEDD B RENDNH B, L72D5oT, 4
REERULHE, JIIE, SO A X, FHEOGFRMEEE
LS TRIED A N —BREEZ S DT D LE D
%o

#H OB

R EAT) 2D, ELTERSEE K ER S
get v & — WARGEEFE T P K I EFEER O P AL S R
(H) I L LT 2MEDT £ IT#IE% R MH T
rWizlinic, INHLDOFAITELLDEH#HT L5, K
WEZEIXKRERT [ P 25 4F B2 PR T & R A B BRI UG T
EREHE] o—BE LTHEBS N,

X &

Bisson P A, Bilby R E, Bryant M D, Dolloff C A, Grette G B, House



R A, Murphy M L, Koski K V and Sedell J R (1987) Large
woody debris in forested streams in the pacific northwest: past,
present, and future. in “Streamside Management : Forestry and
Fishery Interactions. Contribution 57” (ed. by E. O. Salo and T. W.
Cundy), University of Washington, Institute of Forest Resources,
Seatle, p.143-190.

Bisson P A, K Sullivank and Nielsen J L (1988) Channel hydraulics,
habitat use, and body form of juvenile coho salmon, steelhead,
and cutthroat trout in streams. Trans. Am. Fish. Soc., 117, 262—
273.

Boussu M F (1954) Relationship between trout populations and cover
on a small stream. J. Wildl. Manage., 18, 229-239.

Chapman D W (1962) Aggressive behavior in juvenile coho salmon as
a cause of emigration. J. Fish. Res. Board Can., 19, 1047-1080.

DeVore P W and White R J (1978) Daytime responses of brown trout
(Salmo trutta) to cover stimuli in stream channel. Trans. Am.
Fish. Soc.,107, 763-771.

Fausch K D (1984) Profitable stream positions for salmonids: relating
specific growth rate to net energy gain. Can. J. Zool., 62, 441—
451.

Fausch K D (1993) Experimental analysis of microhabitat selection
by juvenile steelhead (Oncorhynchus mykiss) and coho salmon
(O. kisutch) in a British Columbia stream. Can. J. Fish., 50,
1198-1207.

Fausch K D and Northcote T G (1992) Large woody debris and
salmonid habitat in a small coastal British Columbia stream.
Can. J. Fish. Aquat. Sci., 49, 682—693.

Heggenes J (1988) Effects of short-term flow fluctuations on
displacement of, and habitat use by, brown trout in a small
stream. Trans. Am. Fish. Soc., 117, 336-344.

Hughes N F (1992) Ranking of feeding positions by drift-feeding
arctic grayling (Thymallus arcticus) in dominance hierarchies.
Can. J. Fish. Aquat. Sci., 49, 1994-1998.

Huntingford F A (1993) Can cost-benefit analysis explain fish
distribution patterns?. J. Fish Biol., 43 (Supplement A), 289—
308.

Inoue M and Nakano S (1998) Effects of woody debris on the habitat
of juvenile masu salmon (Oncorhynchus masou) in northern
Japanese streams. Freshwater Biol., 40, 1-16.

Kawanabe H. (1989) Japanese char(r(r))s and masu-salmon problems:
a review. Physio. Ecol. Japan, Spec. 1, 13-24.

Lewis S L (1969) Physical factors influencing fish populations in
pools of a trout stream. Trans. Am. Fish. Soc., 98, 14-19.

McMahon T E and Hartman G F (1989) Influence of cover complexity
and current velocity on winter habitat use by juvenile coho
salmon (Oncorhynchus kisutch). Can. J. Fish. Aquat. Sci., 46,
1551-1557.

AR (1998) A 7 FIZB Ao ER. (A5 Rk

BRI —1EICLERE SIS C I e — B RO 40 (%
W), B A Ty 7, HE, p.177-187.

HREEE (1999) BB LRIZBIT S 14T F, ¥~ XA DOFEIIR
DI MM OIE. HKRE, 65, 427-433.

FRPESE (2007) 4 7 F % b o LR L7z | 7T 1 DMk,
Hnt, 199 p.

Nakamura T (2011) Relationships between physical characteristics
pools and the residency of stream-dwelling white-spotted charr.
Aquacult. Sci., 59, 427-433.

Nakamura T, Maruyama T and Watanabe S (2002) Residency and
movement of stream-dwelling Japanese charr, Salvelinus
leucomaenis, in a central Japanese mountain stream. Ecol.
Freshw. Fish., 11, 150-157.

A - R - SR —EE (2009) A LEESRIIINC B
547 O ESEAOBRE. BHAERTY, 12,
1-12.

Nakano S (1995) Individual differences in resource use, growth,
and emigration under the influence of a dominance hierarchy
in fluvial red-spotted masu salmon in a natural habitat. J. Anim.
Ecol., 64, 75-84.

HiEp B RFEAD (1996) AR 7 RHREHIC B U B B
G & BABIAEHERE, OB PHMERS, 48, 59-78.

Rimmer D M, Paim U and Saunders R L (1984) Changes on the
selection of microhabitat by juvenile atlantic salmon (Salmo
salar) at the summer-autumn transition in a small river. Can. J.
Fish. Aquat. Sci., 41, 469-475.

VEREFRSL - 448k B (2005) LSRG B 2 R ORI X
2 BEE 0 Jy i A [Ol48 & SRR O ST 72 OIS, B
P E A PR RS, 27, 35-43.

Shirvell C S (1990) Role of instream rootwads as juvenile coho
salmon (Oncorhynchus kisutch) and steelhead trout (O. mykiss)
cover habitat under varying streamflows. Can. J. Fish. Aquat.
Sci., 47, 852-861.

Tanida K, Maruyama T and Saito Y (1989) Feeding ecology of
Japanese charr (Salvelinus leucomaenis) in a high moor and
adjacent streams in central Japan. Physio. Ecol. Japan, Spec. 1,
279-294.

MARFZ (2009) [IHBITNINC 3BT B 4 7 F OFRELERYE, HIHE
FHERS, 56, 111-118.

WA I - =3 5B - ANEEFRD (2001) TF-RIJITAGR O 1L R
2B B4 7 ORUNERS T O BB, REFEKE
ARG, 5, 1-8

Wang L W, Simonson T D and Lyons J (1996) Accuracy and precision
of selected stream habitat estimates. North Am. J.Fish. Manag.,
16, 340-347.

Wesche T A, Goertler C M and Frye C B (1987) Contribution of riparian
to trout cover in small streams. North Am. J.Fish. Manag., 7,
151-153.



