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Habitat selection and movements of Oncorhynchus masou ishikawae in a mountain stream
interrupted by several small dams

Tatsuya SaArto, Takuya Kanazawa, Keiichiro MORIMOTO, Kazuhiko NAKAMICHI, Naomasa KAWASHIMA,
Kunihiro Suzukt and Izumi AKAGAWA

Abstract

The influence of several small dams on habitat selection and migration of red-spotted masu salmon, Oncorhynchus masou
ishikawae, was examined in the Hayakawasawa Stream, a tributary of the Keta River, part of the Tenryu River water system in
central Japan. The preferred habitat of the species was determined on the basis of physical factors (water depth, capacity,
boulders and woody cover), fallen organisms and fish distribution, surveyed in pools immediately below the dams. In
addition, the migration was investigated by the mark and recapture methods. The salmon preferred deeper water pools,
structured by complexly overlapped boulders thereby affording significant woody cover, plus woody cover from the bank.
However, the site with the greatest input of potential prey organisms was not necessarily favored. Small size individuals (=
100mmFL; 26 residents and 28 migrants) were observed to move more frequently than large size (100mmFL<; 28 residents
and 13 migrants). Daily growth rates did not differ significantly between residents and migrants. The latter were observed
more frequently downstream (25 indivs.) than upstream (16 indivs.), being particularly rare above a dam higher than 50cm. It
was concluded that dam construction higher than 50cm may present a significant barrier to upstream movement of the
salmon, particularly small size one.
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Fig. 1 Maps showing the study site (34°27” N.137°53" E.) in Shizuoka Prefecture.
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Table 1 Characteristics of each station in the Hayakawasawa stream, Keta River, Shizuoka.

St. 1 St. 2 St. 3 St.4 St.5
Area (m?) 19.32 23.85 15.88 8.28 19.90
Average water depth (m) 0.65 0.66 0.89 0.67 0.93
Pool capacity (m®) 12.56 15.74 14.13 5.55 18,51
Height of the dam from the water surface of the pool (m) 0.45 0.60 0.80 0.35 0.50

Fig. 2 Photographs of each station in the Hayakawasawa stream, the Keta River, Shizuoka. (a) station 1, (b) station 2, (c) station 3, (d)

station 4, (e) station 5.
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HLAIN=—E o TBVRO 7EHELS bR Twns. %
72, BIRETAS51.5m FTHICKEIm 282, FHKE
$0.89m & RWVRIAFE L. KRIRICEADEMEICE LR ) &
S>THEY, KEPSBHRATERVL) RANHZHD L
L% {463 % (Fig. 2¢). St 413 D% A%5.55m°
EREL, APICIEENEV K> TS, 72, KL

H510%45 375 (2013)

50cm DALEIZH DS OBARSE YL AN— Lo T
BOMOAEEL b T WD, KA ABIHES
W) Ao 72BBAHEIET 54, St 3R THIIA 2w
(Fig. 2d). #AEX O LIS S % St 5l A A Tl
ERCHBEINTEY, FHKEIZ0.93m Lk dEL, &
BHI8SImPE b R E V. KEIZEEALANE L, TheE
NORA LKEDORMICAP G 2FHEOL L DTELNS
LGNS A, LAL, KELEED ImBDWIZH =i
FAEL v (Fig. 2e).

ETERE

W AEWHAL, 7T ~100125H6 475 72, BiEH A
WA 2B L 72K ZIECE T T A5 1 v 78758 (28%21
X B 89.5em) &, KA E MO R IZ50em [ FE T
T 13>, FHAE M MIE10m fFE < 2 & 1
3", FF30ME % 24Wp %8 LIREX 1T - 72 (Fig. 3). &
A X oML, TS (St 1,2) TlR—4EAEREARIE N
K0, LWt (St. 3~5) TIXEHEMIELRSL. b %
FNENGME, BARL L7z,
FRELZBWIZ10% RV~ ¥ THRER, MFREICHD

3



TERETE W, - SN - HRAGERE - - IS RE - S5ARIREA - AR IR

up direction
0 of
: R
station 0.5m =~ [] flow
~
O
(
vat
. dam
between stations < 10m —»
[
b
\—
! /
[
0
0
dowm

Fig. 3 Location of traps for the fallen organisms; three vats at intervals of 0.5m beside each station, two vats at intervals of 10m between

each station.
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Fig. 4 Fallen organisms at each station and between each
station.
(a) Mean individual number of fallen organisms per 24
hours. *P<0.05 (Mann-Whitney U-test, U=3)
(b) Mean dry weight of fallen organisms per 24 hours.
Bars indicate standard deviation. *P<0.05 (Mann-
Whitney U-test, U=3)
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Fig. 5 Total number of fishes observed at each station by snorkeling.

Table 2 Mean density (indv./m®) and standard errors of Oncorhynchus masou ishikawae and other fishes at each station. Same letters in
each line indicate non-significant differences (P > 0.05) following Tukey’s multiple comparison test.

st.1 St.2 St. 3 St. 4 St.5
Small size 0103£037* 01010022  0.155+0.031®  0.333=0.085°  0.156+0.043"
Z}ZZ:;Z ; nehus masou \iimsize 01430058 01550024 027940050 035120057  0.199:+0.045%
Large size 0.007+0.005° 00220008  0.074+0.017" 0 0.010 = 0.006"
Small size 0.605+0.114° 01770049  0.046+0.024>  0.117+0.064>  0.561 %0.089"
Other fishs Midiumsize  1.130£0.171*°  0.184=0.050°  0.046+0.020°  0.045+0.017°  0.018=0.010"
Large size 0.246+0.091°  0.073=0.028"  0.042+0.019" 0 0.008 +0.005"
100% o 72 St 41/ AL (0.333 £ 0.0851 fA& /m®, mean+SE) &
@ E medium B (0.351 = 0.057ff 4k /m®) @7 < T DOE MO F A E
o = BEHAE DL (Table 2), ffafEizs 724y L HEC
Bets iz 7 2 3MEEKDAHEIR ST, wIFhoffETh
KEVERIBIZ SN o7 (Figs). 7~ T ORMEIAEEK
1 2 3 4 5 3144 AR (R AL, 214 R o B 7944k 5 /N A 4448
il ) LHL LD -7 St 3 EDREDTH 7~ Tk
& HEAD50% 2B THBY, K7 < TORMEEE 21H
. 13.3%), THEE (0.074 %0017k /m®) b oA
B e Eh ol
; ’ i ! 7Y dDBENMREE

ETORETHEI N7 < TX246MEK T, ZOHR
333 v h—IC X DIHENIEITVER, 890 25135k T
Hotz. vavh—IlXo THHEEI N7~ Ti344M8 4k
(&kD179%) T, T HH ) THEL 2EAE» Y 3
v A= o THIEI N7~ IH13MEE, £ TORH

6 WA SFALEEREFTR [ HE—H % & 3L

Fig. 6 Percentages of three body size classes of Oncorhynchus
masou ishikawae (a) and other fishes (b) at each station.
Fishes observed by snorkeling were separated into small
(<100mm FL), medium (100=, <150mm) and large
(150mm<=) size classes.
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Table 3 Numbers of migrant and resident fish released at
capture sites and at different sites (chi-square test for
goodness of fit, ¥ = 1.482, P>0.05).

Table 4 Individual numbers of upstream and downstream
migrants above each dam (height 0.35-0.80m above
pool water surface).

Released at the Released at the Height of the dam (m)
captured stations different stations 035 045 050 0.60 0.80
Migrant 10 6 Downstream migration 7 3 12 4 7
Resident 21 7 Upstream migration 9 6 7 3 3
100% O resident 6 Daily growth rate
® migrated 5 x | x0%
1 - 20.1%
3 ©0.2%
2 00.3%
50% 1 —. 00.5%
0 1 1 1 1 oAl
8/19 98 9/28 10/18 117 11/27
day

0%

large individuals

small individuals

Fig. 7 Percentages of large (100mmFL<) and small (=
100mmFL) migrant and resident Oncorhynchus masou
ishikawae recaptured by electrofishing. Numbers
represent individual numbers. *P<0.05 (chi-square test
for goodness of fit, ¥ = 5.52).

I o7z., P S -4 AT 164 (36.4%)
D7 < IHESE Tz TRE L -k (BEEMA) T, 28
R (63.6%) (ZIRSAT CR%E (MK shi-.
F72, a v —HEERSEELIT ISR L, $99
T L 7RSI AT & 57 2 BT IS P L 7245,
WHOBE & BN E % 72=d A 5N H - 72 (chisquare
test for independence, x?=1.482, P>0.05) (Table 3) ®
TURBREIWT—5 % LDOTHD.

Ya v A=k P S N 74408k 0 B LK 13100.2
+11.5mm (mean*SD) 725 7z7:%, /M (<£100mm) -
KH (100mm<) & 2200% 4 X7 5 A7 KA
fEfCIIBE) Lo (I3M0A) &b @ L 72k (28
i) 25% < (Fig. 7), BE)L-MRIERR (137 X
Db/ (28fE1K) DIZHIDVEL, A XTFRIED R
B & E oI B & o 7 (chisquare test for
independence, x*=5.52, P<0.05). F7:, B TH FE
DM AA 5417z (chi-square test for independence, %=
5.66, P<0.05). WiHIr L L THE I EEE L
WRE, THTHWEISN- AT TRgEHIE 5L, L
TAEEASI6MR, TIRANOBE A2 L THREEOIZ S
K B % » o 72 (Comparison of two proportions,
z=1.98, P<0.05). X SICHKIBRANIFFE L AL L, kit
BEE, St 2& St 3O E M 2 - AR DY 3 MR (95.7,
111.0, 120.0mmFL) &#d A7 <, St 4DERE % 2 7=
K239 R (82.0~120.0mmFL) &k d % A - 72 (Table
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Fig. 8 Migration of fish and daily growth. Solid circles indicate
first capture site, open plots indicating the second and
third capture sites. Solid, bold and dotted lines indicate
no change, increased and decreased daily growth rates

respectively.
100% r O grown
H no grown
7 k
22
50%
6
9
0%
migrated resident

Fig. 9 Ratio of size-increased to size-stable migrants and
residents. Numbers represent individual numbers. *P<
0.05 (chi-square test for independence, x*= 4.051)

4). FTHA~OBEITIX, St 10 % 2 26k )s 3 M6k
(82.0, 84.0, 150.0mmFL) & kb A7 <, St.5OHEEZ 2
72 AR D 118 (89.0~137.0mmFL) &b %L h o7,
BEN AR L EEMEOM T, TTORIEIIHNT 5 FH
M &= (B8, 0.168 =0.148% n=13 : & £, 0.176 =
0.189 % n=31) A E LR ZITW 5N %&b o 72 (Mann-
Whitney U-test ; U=125, P>0.05) 7%, 3 X7z 4
kD9 %5, St.405 St.3~, TimBEy L7 1 fHkoiH
T % £ 2 A%0.08% 2 50.29% (28 L CTw7: (Fig. 8).
7z, HHEREICHET IR & AR TR LRI L 72 Rl & %
LU T WEGEARAISAAE L, BB L2k (R 7 1
&, MR L0 DL Tl (224,
13 6 lR) D139 DR L AR H ITE 0o 7
(chi-square test for independence, x?=4.0541, P<0.05)
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(Fig. 9).
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