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Dam Effects on the Focal Position and Predation Risk of Red-spotted Masu
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Abstract

Focal position choice by red-spotted masu salmon “Amago” (Oncorhynchus masou ishikawae) was examined
in headwater pools below natural shoals and downstream pools just below small dams. Drifting organisms,
including both benthic and terrestrial forms, were more numerous in the pools below the dam, where fish
stayed at higher focal positions in the water column. In the Hayakawasawa stream, foraging fish allowed
intruders to approach relatively closely, apparently taking little notice. There might be a trade off between
foraging and predator avoidance. We observed their focal position under the different hunger levels in an
experimental tank. They showed the tendency to choose the deeper focal position after foraging, not being
significant. Intraspecific competition appeared to be lower in the pools below the dams, which not only had
abundant prey organisms but also spread the latter over a greater stream width. Accordingly, the dams
may occasionally favor small-sized fish, by dispersal of drifting organisms and low competition, and fish
focal position may be determined in accordance with their hunger level, predation pressure and intensity of

competition.
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EDBIZ ML — P+ 72155 % (Sih, 1980; Power,
1984). F7z, AEQBBEAMET 2561218, FET
HoTHZTOEMMIEARLDZ VDL, Pz,
*+ 4 H T Zacco platypus &, B HHE P NTZBRBEIC
EhETEM %2/ X ¢ 5 (Urabe and Maruyama,
1986). Bid S F I F AW - PENER D S H
MEVCRERE SN AEBBRECHAELZ #2275, ok
SRR L HO L EHEIEEZ R L TWEEERD
nas.

7 = I Oncorhynchus masou ishikawae 1, Ll
5o THRAOH O —RIR £ 5 X 5123k CEMAT
BE i, EIRTWEEM S % (Fausch, 1984). —
W 2 ) CTIE R EOmREH L, HARPDO—
A% g Y 2 YT M R AE D IS IR
L (Allen and Russek, 1985), ZKJg13ift TEW 2%
\» (Furukawa-Tanaka, 1992). Z D728, KFED G
CZRTTI 7 22 BRI A3V RE 20kl C U, BEALAE 41
AL RORE LR BELS 2N T 2010 L, &
PR REA L2 R 5 &% 2 515 (Nakano,
1995). 72, TSI B 1T 2 B O AR 1 7258t
FREINE— IR £ XIS X o THREL, T—A L
TN — TN TS A ZIARAE L7 NER AR S b
(Nakano, 1994, 1995). T X912, 7~ TDEM
P T & DS BIRPERD—D & % 0
ETHEEZOND.

—Ji, BB ATV IOMARL LT, L%
M HIT B (X~ 3 Ceryle lugubris, 5177 5J A
Cinclus pallasii 72 &), & L5 5134 % F Mustela
itatsi R 517 A A I Chimarrogale himalayica, 7KH 7 5
£ F ¥ Anguilla japonica 7a EBFIFT 5N 5. T~
TIEFRBITEVIZ ENONOTEZ» S ST
<, EHEOWMBENEL b LFHEINE. 2F Dl
MOFEREE T < T2 & o> THRARHRIZ R VA LS
w5 <, TEED O Ok L AR O RO ER 0%
RIZIE FL—FF 7 ORRIIFET 5L EZON 5.

72, #57 bM< R O. gorbuscha %, HiEZ»S
OfsEmiE L ORI ML — N+ 7B FEL, 2
EPRKREVEEHE) A7 25D THOHMEITH. —
F, YW 0. keta TRHEY A7 PEVWEAET
22 b, MAEITECIZHED 5N (Magnhagen,
1988). X HIZAFTIE, MFHEOMENIT L - THEMA
WA ZLE L2 EBMON TS, flzidnE
Bt @ Pomatoschistus microps 1%, fREENEHWE X

W - il — - RN SR

R E ZITIR, HF ) B TERIRE T D .
CHIZIEERZES T LTI ALF—HHRHA
EhLDEREZRSTHOTHLELLILNTWS
(Magnhagen, 1986). FIEEIZT <~ TI2B W T EEE
LB K o THAN 2 285 L PSS
5.

BUE, HARDBERIZIIWOWHLZR o hs %
EF R NERE SN TV, WL AOR
BARIR L@ L AEL, o4 A gk
B EG2 5 (R - LR, 2004). F 7z, MBI
ICTE 2 ERRDONAE RS &, BIEIERALD)A
CNALIKDIE LHEEET 5. 20720, FZiEL
%0, REROFNHANRIZIA 2> TILDS) DB 5kl
PR ENE. T2, WRETORTIE, mMTLTE
7RI L, 0% < OEEAEM T
HrrEZOLNL., —J, RROWTIE, FALOIH
$, PP NHPAICHETT 5720, RBORTIEHA
IR E B 7~ T1F 8 E AR TSRS
LLTPHENG.

T~ TOEN pRIUE, TEH e & oYY TR R W
Tl - AR R & OFE S BIRZR E DL ERIZE T 2
WFZEIEAT T % A (Nakano, 1995), AR S
DOFBELBELL DB DO L — P+ 722 L 2D
BREBGELWRIIT bR Cwie v, 22 TR T
&, TYITOEMIEOBIROENZFHT 22 L2 H
e LT, DEEERERE, 2 RIRKCBTT~
TOEMATE A, 3) AMEATENCE S 2 UFHL IR, 4)
2SI R & 5E AL O BRI B B KSR 2 4T 5 7.

M EFE

AEH & IRBRIE

T B VAR AR T R AR P IT 2 i 2 R KRS
O HGREIZ A S 2 BN (e 34° 277, HiE
137° 53 ) IZBW Tl 1T o 72 (Fig. . #HEXHD
TR, T IR ERABE TS 2 LA RN
BB 22 B3 (7495060 cm) 2549 10 m 412 10 » JF
HbH. —J, ERPIIEAR 2 VTP F 720 <0 il A5 e
L, MZEOEBIIKRE (5. FERE T ORTIE
7 IOz, 7T Plecoglossus altivelis altivelis &
717 WY Z. temminckii 25 EIZELLTWB DKL,
FHROBTIET Y TOABEL LTV,

2007 4 4-5 ISP A 2 47, WK X -
TTYINE SN RKIROT 210 (St 1 BLO
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Table 1 Maximum water depth, width at inflow and length from inflow to pool margin in each pool.

St.1 St.2 St.3 and 4 St.5
Maximum water depth (cm) 80 80 110 70
Width at inflow (cm) 52 — 514 1000
Length from inflow to pool margin (cm) 550 450 450 300

St. 2), TOTHICH ZHIEE T Ol 3 xT (St. 3, St.
4BIUSL 5) OFAEM AL L7z FKROK
Wik, MAOONE, BXOWAOLSHRE TORES
ZFlgk L7z (Table 1). %3, St. 3 & St. 41X UHE
WEHTORTH D5, KEFKELE L7290 (8 H
DIRKAKE St 3, 50 cm, St. 4, 110 cm), BIOFH
i e L7z,

HREERE

TR E 8-10 HO H (8:00-16:00) 1247 -
7oo MEAS10em wICHW SN2 (Im x1m, HA
1 mm) % &AM T 0L =D S AT ORI 1553 D
REL, WMTEWERNLZ. B, 2KED 1m b
LMD T H > 72728 (30-90 cm), KK A B KT
FTHN=TE /. R0 FAEWIZ 10% RV~
Y VEWETHEER, MIEEICHEBRY, HLALET
FsE L, 10cm oY) ) Fiz A% & BEER (mg)

F7:, KERROALYTE L CEERY T ($H,
1962) Td % WO BN E & 1T - 72, IR BBE OB
72St. 10 Lo e St. 38 X UTSt. 4 DIER Lo
HOWBERBE 2 LR D 720, WMADEEAAODS L
TN 40 ecm T L AR Z S E L, 3 & AR ITH
5 LN 2 mO R & AR SR ICIA > T 50 cm
BB AGA OE &ORIRZ W L7z, &, KIHICH T
BAND o 1Yy, FOMBOTH - KEOWEIZFT
blhhoiz.

HEAYREIZ6-10 KA 1T 21T - 72, %
WK 2 B LR E RS2 T T AT 4 v 7 OF
(60 x 35 % 14 cm) %= 6l [#] (9:00-15:00), St. 1 &
St. 5 OEBHEOWINEZE S RO TFIZENREN 1HTD
R L7z, BREE L 72T 10 %A v~ ) v iEHE T
T, MIRZICHLHBYBLAVETREL, E%
Ll E S (mg) ZRtsk L7z,

Lk L7,
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Fig. 1 Map showing study sites.

a) Around Shizuoka Prefecture, b) Around Tenryu River, c) Hayakawasawa stream.
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BINRIZBT 27~ TOEMTENCMELT6-10H
DOMICHHA3-5HM, FHI9HMO#EZITo72. 7
RINL oL HREATY, MR BETHOHE,
TSR TL 2 Wi EMm g/ L7 (S,
1988). H 1 (8:00-16:00) IZiAkBlLE 2175 7. #
BRI, WEBSOTHRMIS 2 /=7 ) ¥ 7
IR TR L, SR IR, WIS
ELT3NMEHE L. Ttk 500 % BIEER L
L, Row&xriro7z. 3, ko 4k (TL)
FAHEOARHEAELZHZICHIIZE Y 1 cm HALT
Mg L7z, F2EEATE), B X OBCETE O R % i
FRL7-. IKEDWIXLATE), 2I30KENIZ2» TA
AT AATE 2 EAATE) & L7z, WEATE)IE Nakano
(1995) 126> T, AR OEHN 2 BORATBY A3BIEE &
N7ZBC, — 5 ORRDIEATE) % 7R S 312 ka8 L 72
BEEBBTR L R L, TR R AT - 1288, B
B IHER B X OB % B L KK 2 S KT E TO MR
10 cm O E % 5FHES, 613D TR
HEH (7 Ly 7B, AEMAD)ICX o> THlEL, P
iz & HojtdEe LT,

BIgNEIZ 6-10 H £ To 19 HIICARH123 1], #
BISHEIZ 61550 CTh - 72, W UHOR UIZHE VT
g &R UMk % Wk e AT &, HEwBist
AR 76 K7 - 72,

BEEITENCEE T B EFPHLRER
BIBROENATH O S HRER S E BV LTS T <
TaFEHL72HT, 20074E10H 16, 17, 24, B X
BHIICERE T, a2 )= )y 7IlEsTT
WS T~ TEREL, FEREISEEPIBER L L
7o, ZOHSE R BRI L L, HALE AT 22l
s L7 (WIS %), BIESER TR, 7~ T IHE
HETWHL Y EETE, 7 IWRBEZITRKD X RT
7L EOBEEL T TOMOMERE% G L 7.
F72, TYIORBMAKECKEL?S EKENS), T
IAEMN L TR OaKE, BIOTHHE, 7T
OLEEHMWIZEY 1 cm T THE) sk L 7.

THEE & EMMABDRFRICE Y 5 KIEER
PEEAMICIE, IO 25 HIZHIJIRICB W TR L 72

4484k (mean = SD=112=*11 cm TL) & 12H 4 HIZ
9L 72 64K (9.6 £ 09 cm TL) # Hlv 7z, SIHEI2IE

W - il — - RN SR

T 7 JOVKAE (60 x 30 X 45 cm) & AT A KA (120 %
4545 cm) ZAEH L, LEMEEE B, KiRIEEK
(LA ¥ —, FZ150AY) 2 & - T 16-18ClZ o 7-.
filk e LT, WHOMMHOEZE Z2HA L. %I
L7z 4tk %2 7V — 71, BICHMEL 72 6 k%
FV—FNE L7, FV—711% 11H27H, BX
O30 V—70x12H 9 H, BXU10HI2%
BREAT - 72,

FBITIE, T AKHE (120 x 45 X 45 cm) & v,
W35 ecm T TKE AN EMMEZILRT L%,
Yo — )7 — 7 ZKMEEmIZ Y, B1rIRo 77 2
TA Y I WMEKEORKICHE, KEEL,SAHIZIN
Mo T 640E, JEWASAKIICINA - T 74%, T
ORI TAH5HL, FEF168 DY v FEik
7z, F 72K Al oo T oo b v R ER L R L Aok
R T (2= A A, 1250) ZBRE) L THRKBRBEZ1E-
7. 1687 v KD H B, KRR ¥ 7D 7z
EANERZIBOZY v FEBRE Y v NOHILE
TN EBRES (7 Ly 2 &T, AEMID) [
Wit A& e L7z CF4 0,088 m/s, #iFH0.015-0.394
m/s, n=159).

FEEE, TR ZE AR, 2051 % BISREm & L,
ZOBI0FHEAMER LY, EMATEHHER LY
Uy FeZofiREHZ2 1R EA TRk L. &b,
RIBHTIR T ~ THKFBICHEZTNTAE S L 512k <
178, B L OB FAREICHE LT 478 & 2 ATE)
LEFK L.

ZEIEEE D K B ENATE O & AL 7z o f i
Wz, ToREEHOERZITV, V-1
3H#E, ZV—7TRBHIH HEHOA 2 5) %2 +54
W2 EBICEEBOER YT/ SV—T 11
LEM, ZV—711F 4 HHEOMEZ T 72,

L
HEFREmRAATO, wTFEEE - Ewo g
1% Friedman test % il \» 72 # Scheffe ® J5 # 12 T
SERNBEEZITo 7. ETMEEE EROREKEICIE
Wilcoxon signed rank test & H\ 7z, #HOBREE O LK
WX, JKEE &1 Mann-Whitney's U test, JIIE
& Wilcoxon signed rank test # MW7z, & 52K
HAED WD &) 02 RE T 2729010 F test # v
7z. EMATENCBV T, &7 — 7 o@fh o
% Friedman test TIT\y, A EZEDTRO b7
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£ Scheffe D F PN TL B 24T - 72, A#ATH)IC
B3 2 Bhb92BR T, Spearman O NN BIAREL %
Wia, ZRIERE & BN E O BRI B B KA SR ER I 1
Wilcoxon signed rank test Z H\ 72, A &k 1X 5t
ARIGIZ 005 Z 7285, P < 01 OEEITIE, X%
BhHholzt L7z

= R
RS
WTEWEAT S IH, #ravH, PEFIA,
NFH, avFavH, NTH, F¥FH, 7EH,

FavHPRS N, 8-10HD EOHAR T
LA roy HoRGHRE <, BRETORT
1, 89-91%, RIKDWTIL79-96% % HD Tz,
P (NFH, avF2vH, nTH, brKH,
7EH, #avH) ORTEIMOTL%ro7z. 8-10
JNZERI S N8B D 91 % 3K AR RO 7 ra
YH, 4%HBh T 757 H, 1% 03 eI H, BAR
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Fig. 2 Drifting organisms from August to October
at each station. (a) Mean individual number
of drifting organisms per 15 min. (b) Mean
weight of drifting organisms per 15 min.
Bars show standard deviation.

BiZ 4% 725 7-.

8-10 H D FIRAEM LD 1555H 72 ) O FEY
WfkE, FHE T EYERL LKL 25, i
B IZA E 2203300 5N (Friedman test, x° =82,
df=3,P<005), TmIZRLRAENHD LN (12 =66,
df=3,P=008). EHICHHEHRKICL-T, WTE
WA R L2225, St.1& St 3BLU St 4
DR RO b7z (P < 0.1) (Fig. 2).

% TFAEWEINTH, NFH, avFavH, Fav
H, 7EH, 770N EN. 8-10 H DK
R N2 T WA, SR T oRe:, Kk
OPEEOREIE L SNTHIRI0% % LT
7o, BN T & b NFHO S h2o 7.

6-10 A WA 0PI % T WL, P
HTAEYERZEBELLE ZARBBRICBNTRR
2R 5 N7z (Wilcoxon signed rank test, 7= 15,
P=006) 2%, EmICHBELATIRDOONLE o7z
(T=10, P> 01). & TFAEWE, HERETOREHED
J5H3% 70 - 72 (Fig. 3).
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Fig. 3 Falling organisms from June to October
near St.1 and St.5. (a) Mean individual
number of falling organisms per 6 hours.
(b) Mean weight of falling organisms per 6

hours. Bars show standard deviation.
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WOBBHELYTo225, REOWMGL D L “T
W OWMO SARREOR (SL3BESLA) LikoW gy |
LY v HETERCAERCESED bR, AErE g3 |
<, NRASHEA - 727% (£ 2N Mann-Whitney's U ~‘E—’ § €l
test, U=55, P=006, n=5(K%), n=7088L), £8Eaf -—
Wilcoxon signed rank test, 7=15, P =006, n=5), 8 & C st %
WHIC AR AERRD S Ao (U=17, P> 88 wf
0.1, n=5 (RHR), n=7 () (Table 2). a st

F - RAOMW LROW T, PR L OBk ° * * * * '
T, KREEPMWEH T X > THER%Z 5 72 (F test to 3L (h)

compare two variances, € 1L € L F=0.0011, P <
0.01; F=0.1411, P < 0.05) 25, NI H B R 2=IERE
OOHNLEholz(F=05074, P> 0.1).

o
N
G

T

Mean water velocity
at focal point (m/s)

ERLITE e r
6-10 7 O FA 12 4 P A M 03T 1- 5K % BigE ot b
L, SRR EE76 ik % 8145 L 72 (Table 3). %8,
8H® St. 3B XU St 4 TIXEM LT 5k Z BlgE 905 * 2 s
TE&hholizd, MMICESADT—F3H W% sp (c)

oz,

6-10H BAZKR)OWELEIT EDKENSD
SENLKEGE / Ak, AL AT, R, B X
OCHBERHIZ O W THE LT - 72 (Fig. 4). Kk
WHEBEOT < TOKIKD» D DOEMAKE / EREIC
B ERAEDRD 57 (Friedman test, &7 K,
7 =1285, df=4, P < 005). HHmilToLEILIK 0
TIE, St. 2 & St. 5 TR REDSRD SNz (P=007).

Number of foraging
per 5 min,

T, WEEHBTHRRENFAD b (4" =855, 2 =
df=4, P=008). EMLrE, BEFBZIAEE 8 . °f
HOBBDSNES o1 (N =165, df=4, 5 E Of
P=07; x*=165, df=4, P=07). 5 15

£ o

=

3

z

Jun. Jul. Aug. Sep. Oct.

Fig. 4 Depth (a) and water velocity (b) at focal point, and number of foraging (c) and intraspecific
aggressive behaviors (d) at each station from June to October. St.1 and 2 are natural pools;
St. 3-5 are pools below dams. No fish was observed at St.3 and St.4 in August.

Table 2 Mean river width, water velocity, water depth and area in natural shoal
over St. 1 and shoal over sabo dam (St. 3 and 4) .

River width (cm) Water velocity (m/s) Water depth (cm) Area (m?)
Natural shoal upper of St.1 2620759 (n =5) 028+022 (n=5) 43.6+184 (n=5) 5.2

Shoal over sabo dam upper of St.3.4 4248+54.1 (n =5) 0.19+0.06 (n=7) 21672 (n=17) 8.5
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Table 3 Mean total length of observed fish and the standard
deviation on each station from June to October. Small n

shows the number of observed fish.

90

St.1 St.2 St.3 St4 St.5
June 8.4+2.1 8.3+2.3 11.24£3.5 9.0+0.8 9.2+1.7
n=3;5 n=4 n=35 n=3 n=>5
Jul 9.5+1.1 8.0£1.4 10.3+1.2 9.8+1.5 9.5+0.5
Y n=4 n=>5 n=3 n=4 n=2
August 9.0 8.0+0.8 No data No data 8.3+1.2
n=1 n=3 n=3
Septerber 11.0 9.0+0.8 9.5+1.1 10.3£1.3 10.3£1.5
P n= n=3 n=4 n=3 n=4
10.0 10.0+0.8 9.5+0.5 13.3+3.1 12.0+1.8
October
n= n=3 n=3 n=4 n=4
160 [
&
= °
R
=
o120 |
©
.
[]
<
[}
2 80
[o]
)
[]
4 —_
2 w0l o y=13x+152
3 R?=04
[]
3]
et
[
4‘7; 0 Il 1 1 L 1 ]
a 30 40 50 60 70 80
Water depth (cm)
Fig. 5 Relationship between minimum distance between observer

and focal fish (see text) and water depth. (n = 16) .
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Fig. 6 Mean distances between observer and focal fish which
began to flee when foraging or non-foraging before observer
approach. Bars show standard deviation. *P < 0.05 (Mann-
Whitney's U test) .
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A 16 AR DR R I1Z 4108 cm
(#ip9.0-180 cm) Th o7z, 7T
PRITURD 7R DAL E A S HEEH F T
DRHEZ P 888 cm (#iPH 40.0 - 140.0
cm, n=16)TH o7z, 7TIPEIT
D7D E D H B H T TOH
BELX, 7~ ITOZEMYEITOAKGEIC
EOMHEPRD 5N (r=057, P<
005, n=16) (Fig. 5). — kT, %
BT ITOHHEL 7~ TOKME - K
BEA D OEN KGR, BRI E, B
U077 TR EOMITIEMHEI
O LN holz (ENEhr =045,
P=007;r=026,P=037;r=-020,
P=046;r=005 P=085;n=16).
TBIER IR 5 53 RS HR AT 2 47 o 7= Mgk &
Theho/flfkE o<, 7~I
DT IHD 72 W DAL E 9 S BIEH F
TORBL RS2 L, AELRED
A 5 N7z (Mann-Whitney's Utest,
U=12, P<005) (Fig.6). T%&bb,
TN LTV BT OARKIENTEL, #
SHATEY DSBS S N7 7 o 7R LT 2181
BEEMED L L BHEETH - 7.

ZREE LM E DR

22 G I O #8287 IRE [ O S350 344.9
 (H#iPH60-591%, n=10) TH v,
5 ] % 13 F ¥ 457.6 8 (190 - 600 5,
n=10)ThH-o7. BM7 Y v FEIZ
ZERERE T4 - B (1-8 7 ), R
%P4y 1-10 7D TH Y, T
FERTE ORIEEA S OBHEE) 13, Z2E
TY-#465 cm (5.0-100 cm), EAF#
TY¥351 cm (5.0-6.0 cm) TH - 72,
F 72 B S ZE B TR 0112
m/s (0.083-0.156 m/s), & # CTF
¥0.131 m/s (0.085-0.158 m/s) T&H -
2. B, FVv—7ITI2BWT ik
AFHFHUAT D27 ) v KR L7z
728, ZOMRIZIEHED BT
oz,
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V=71 &ML, FBHCHMENMARL Z720
AR HIE, A lTMEXITDRITIE RS BV,
BIBA D T N 72D G NEW 7V — 7 % 7 — v L CTIEMT
AT 7. 2R L B OREM IR, S Lzs
Uy P (BEIEFALZY y F2HERALLEED 1
LRlER), EALL727Y v PO, FHEMKED
W a2 T oo & SAPI kKR E M L7270 v F
DOV THHEIZB W THEZIRD LN 7228, %
W7 A EO S 7z (Wilcoxon signed-ranks
test & L F N 7T=0.0, P=0.06, n=5; T=7.0,
P=007,n=9[Fig. 7). HERR, w7270 v
FEICIZEIZRO O N Lo (FhZEh T=120,
P=013, n=10;T=195 P=077, n=9). ZOX
T, ZERERFIC IR AR I, 7~ TIEOKIEEATR <
D FHN T v FITERT B EAATA S L7z,

W - il — - RN SR

% =

T AR AN, ERE T DR O St 3B LTSt
4IZBVWTREAORMOSL 1 V£ L, 1FEALEDK
HERRTH -7z, — KIS, OB ED D RHEN
L GEH, 1962) 2 e 205, WOF S LROW % K
35L& St 1 RO T 2K WAL, B
W KIEAEALICE A, WA > 72, KAERRD
AWy, NIDK O #5358 (Feminella, 1989) < 52 (4t
[, 1962) = L LR L THB Y, R LMo h A
KAERBBROEREIE LT RS ES Tniz
7o, KERMDPEZHERLRFLZLEEZONS.

% T AEDRARD - RROMERE L D IERET
DO DT D% h o 1. FANANDOE T EWRIT,
WERE A 25K & < 32289 % (Mason and MacDonald,
1982). MESEOEREIT L D REASZAL L, ETHEW

WEELZ 5000 LNz, fEdk

T (a) L 2 OB ORENLETH 5.
2 w18 - — FFEWSET AN, EOHICE
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