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Relationship between Physical Environment and Distribution of
Juvenile Masu Salmon in Early Summer in the Atsuta River, Hokkaido

Kiyoshi Kasugai*, Tatsuya Takami*?, Tomoya Aoyama*, Katsumi Takeuchi,

Yasuyuki Miyakoshi* and Mitsuhiro Nagata*'

Abstract We investigated the relationships between channel units and number or density of juvenile masu
salmon in early summer of 1999 and 2000 in the Atsuta River in Hokkaido, northern Japan. Densities of
juvenile masu salmon were higher in the channel units, where there were shallow, slow and sandy habitats
with underwater and overhanging covers <50 cm in height, than in other units, in both years. The abundance
of riparian forest is thought to be important as source for juvenile habitats, since woody debris was related to
the formation of those channel units.
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Fig. 1 Location of study area in the Atsuta River, Hokkaido.
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Table 1 Physical characteristics of each site of three sections in June 1999 and 2000 in the Atsuta River, Hokkaido.

Nos. of
Unit length Unit width ) Current velocity Substrate

Year Section channel Area (m°) Depth (cm) .

. (m) (m) (cm sec™) coarseness
unit

1999 A 11 14.06 = 10.67 4.18 £0.67 648.07 17.58 +8.71 33.51 £24.28 4.06 = 1.07
B 10 16.86 + 4.65 4,99 +2.32 827.38 32.99 +32.64 31.08 +28.87 3.01+1.62
C 6 18.65 +£9.43 7.47 +£2.02 815.69 28.82 +19.79 27.11 £24.91 3.14 £ 1.60
2000 A 11 14.55 +8.43 4.81 £0.80 778.88 17.66 + 10.62 37.83 £29.12 3.73 £ 1.00
B 9 16.79 + 6.36 4.65+245 711.92 31.03 +23.38 32.95 + 31.61 3.08 +1.45
C 6 16.43 + 8.81 7.25+1.61 71291 30.69 +20.99 35.78 +31.35 3.17 £ 1.50

Values are given as mean + SD.
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Table 2 Fork length, body weight and density of juvenile masu salmon in the Atsuta River in June 1999 and 2000.

Number of Fork length (cm) Body weight (g) Density (fish m®)
Year Section
fish Mean = SD Range Mean + SD Range Mean = SD Range
1999 A 47 526 £0.56 44-63 1.65£0.59 0.8-3.2 0.096 £0.010  0.000 - 0.381
B 192 5.63 £0.69 4.1-74 2.12+0.84 0.7-48 0.291 £0.028 0.055 - 0.989
C 149 5.43+£0.76 3.7-17.1 1.97 +0.86 0.5-43 0.225 £ 0.007 0.153 - 0.254
Total 388 5.51+0.72 37-74 2.01+0.84 0.5-43 0.197 £ 0.007 0.000 - 0.989
2000 A 53 4.75+0.41 4.1-6.5 1.20 £ 0.43 0.7-3.5 0.072 £ 0.005 0.017 -0.198
B 190 5.01+0.62 3.7-6.7 1.55 £ 0.65 0.5-3.7 0.369 +0.046 0.000 - 1.406
C 197 5.35+0.64 4.1-7.2 1.89 £ 0.80 0.6-4.5 0.319+0.024  0.135-0.514
Total 440 5.13+0.64 3.7-72 1.66 £0.74 0.5-4.5 0.232 £0.011 0.000 - 1.406
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Table 3 Results of two-way ANOVA for year and section.

AEENPRBD BT (Table 4), BIERZMEN & LT,
A A THAEX B CIZH AT, KENES, KE
BENRE <, EKEEBRED /NS otz

AIRBEEIDYT SR —DHIZ&KBHEDIT

TS 1753 FETTERD 64.8% MR T 7,
RSy 1 DR TAR R, K, ERE, K
HLE, P77 — ¥, KEEEMRE, TRELEMRIL,
RS A TR, 70— FERZEEEE, A b 50cm
KRGl A S —EAEN KX L, FHGRE, JEEME, F%
T— RENIED, SRR, KIEEBIRE, il
BiRsk, REHLELEMRE, T— REZEEREL, K
il b 50cm Al 7 N —ERESAICHF S Lz, ERD 2

Year Section Year X Section
Variables F p F p F )4
Mean depth (cm) <0.001 0.991 4.436 0.017 0.004 0.996
CV for depth (%) 0.611 0.438 2.566 0.088 0.288 0.751
Mean current velocity (cm s'l) 2.005 0.163 0.089 0.915 0.762 0.473
CV for current velocity (%) 0.969 0.330 2.279 0.114 1.395 0.258
Substrate coarseness 0.399 0.530 11.683 <0.001 0.747 0.479
CV for substrate coarseness (%) 0.002 0.969 8.945 <0.001 0.099 0.906
Mean Froude number 0.075 0.786 1.086 0.346 1.526 0.228
CV for Froude number (%) 0.458 0.502 2.161 0.126 1.407 0.255
Crown cover (%) 0.027 0.870 7.738 0.001 0.327 0.723
Overhanging cover = 50 cm (%) 0.112 0.739 2.435 0.099 0.199 0.820
Overhanging cover > 50 cm (%) 1.453 0.234 1.283 0.287 0.422 0.658
Underwater cover (%) 0.134 0.716 5.128 0.010 0.473 0.626
Mean unit width (m) 0.296 0.589 24.174 <0.001 1.422 0.251
Table 4 Results of multiple comparisons for variables with significant difference among sections.
Section Mean depth Substrate CV for substrate ~ Crown cover Underwater Mean unit width
(cm) coarseness coarseness (%) (%) cover (%) (m)

A 18.729* 3.879¢ 26.190% 81.342° 12.868" 4.500°

B 29.229° 2.897¢ 41.037° 46.902° 21.402% 4.620°

C 27.225 3.281 43.435¢ 63.173 11.125° 7.371¢

“and *: p <0.05; “and %: p <0.01
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Fig. 2 Dendrogram of channel units by cluster analysis
for principal scores of principal component analysis.
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Fig. 4 Photograph of channel unit “B2”, which was

classified into cluster “d”, in the Atsuta River in 2000.

Table 5 Channel unit composition of each cluster. ri: riffle; gl: glide; p: pool.

Year 1999 2000

Section A B C A B C

Cluster | ri gl p ri gl p ri gl p ri gl p ri gl p ri gl p | Total
a 6 1 1 1 2 2 3 1 1 18
b 3 1 3 1 1 1 2 2 1 3 2 1 21
c 2 2 2 1 7
d 1 1 2
e 1 1 2
f 1 1 2
g 1 1

Table 6 Percentages of the cover area classified by cover position and cover type.

Overhanging cover height from water

Underwater cover

Overhanging cover height from water

Year Section

surface = 50 cm

surface > 50 cm

Coarse

Coarse

Coarse

Overhanging Overhanging Overhanging
woody X Other woody X Other woody X Other
vegetation vegetation vegetation
debris debris debris
1999 A 12.638 2.417 3.457 26.883 0.459 7.235 46.911
B 25.945 7.155 0.629 7.157 34.378 0.989 22.322 1.425
C 1.777 5.079 1.620 3.697 23.436 0.118 64.273
2000 A 18.261 3.129 2.338 11.952 20.935 1.362 41.348 0.675
B 23.961 1.375 1.563 22.994 17.392 0.166 1.988 28.899 1.663
C 5.391 4.027 3.754 3.137 21.818 0.938 4.441 56.313 0.180
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Tl 0.138-0215 A M2 TENIZ E RERENAON
Rhnote, 77 AF—aBLODbIL, RS R
AEREEORMHNPKRE , HEEFEENPRKEN 00
REND LT, IEHOENREN-T,

7T AR =TT DR S Do Ty T A
Z—a b bllo\T, BEEKEY 7 T~ 0+ AEEHE
L OBRERANT, HEXICESTH 7 I~RA 0+ 4
BB ELCBRESME N RS-0 T, 7T A4 —a T,
FEXT R CEE L DL LFEX ARMT, 77
AH—b TIHHERT N TE2ELOHA EHREX A
ZRWZIGA T, EEFE L O THEMT 21772, £
OFER, 772X —aTE, HEXAFMOBHS, 7
Jo— FEETREC (r = 0603, p=0022) &/KHE FAA

Table 7 Average number and density of masu salmon,

—ERE (r=0788, p<0001) 2BV THEZRIEDFHE
BELNTZ, 7T AXZ—DbTIE, FAEXAZBRN-5
A, EEHE (r = 0685, p < 0001) TIEIZ, Kiflk
50cm P X—ifE (r = -0.785, p < 0001) THIC
HEIZFHBE Lz,

=B

B+ T ADORKATITREXED L IFAE 45-
somm TEE DT Sk 5 2 L NlE S (AR,
1974; Hl, 1992), Z ORFHICATERRICZ LD LS
W, BN ESMECET S (FHE, 1981), F
72, AINOREER O Y~ A TIHIEMERE 50mm ORI
HIIR 7 S —~— 7 DNELI, BEAMIRIR L CHEIR Y & Bk
45X 91272 % (Maeda and Hidaka, 1979), H/HHE
W TAEREEO RN P BE S, ZORO
K13 40-60mm T 5 Z & BAM DFEEIH O ¥ < A <2
WD T~ 20 masou ishikawae THEESH TS
(AR S, 2001; 4 - 320, 1986), V7 7~ RIXK
FEL bR, WOHICBET % (Krykhtin,
1962; AfRH 5, 2001; Nagata, 2002; 45, 1988, th
FF, 2006, T, 1981), AfREG (2001) X, AFEEE
E240mm < 5V 5 4 AIIEHAEEZTTo TS
INE TR SR D B B HIRIS T TR A L,
THROBMCTEEENZ D tewms L, £,
NI BT, AEERRR 45mm TIEFRE < 2
HILDEMTEICAERGE A LT sBE X o Twn
% (FERS, 2003), A EIOFEE IV TR AR
1%, 1999 4E T3 5.26-5.63cm, 2000 4 Tl 475-5.35cm
Thol=Z &5 (Table 2), NS LEED,

and average area of each cluster.

Numbers Density of masu salmon

Number of masu salmon . 2 Area (mz)
of (fish m™)
Clusters
channel
i Mean +SD Range Mean + SD Range Mean + SD Range
unit

a 18 10.0+13.3 1-54 0.138+£0.132  0.024-0.514 72.7 +46.0 12.1-169.7
b 21 20.0 = 18.6 0-58 0.201 £0.150  0.000 - 0.561 85.2+50.9 20.3 - 230.7
c 7 31.1+11.7 14 - 47 0.215+0.089  0.087 -0.351 152.3 +49.0 105.5-242.5
d 2 11.5 6-17 0.169 0.108 - 0.230 64.6 55.4-73.8
e 2 12.5 7-18 0.191 0.135-0.246 62.4 51.8-73.1
f 2 29.5 13 - 46 1.198 0.989 - 1.406 27.8 9.2-46.5
g 1 0 21.9




WIE D2 T~ 24k L) EREE & O BR

RO ZTRLL, JIEDDIRAIZHDICEE) Lih) B 1E
HHCHY L7z (7%, 1981),

W7 T~ AOAEBEEIIER)I O Bt GREX A)
Lk GAEXBBLIOC) &TEMAONE, L
WEIZ R NTH 7 T~ 2L B EMED - - ERK D
—O L LTHERADRREICLDWHEEND D, HE
XA OFEEALE, SRR EE, P, £ 7230
LI L 0b b, 77 A —fr Tl
TONITIST 57 T AKX —a £723 b IFEE NI (Table
5)o AKX AT TIRICIET 2MAX B E7213C LI
L CRENES, BEHESREEL2ER/NE
/no7- (Table 4), ZDOZ &b, HEX A, W
L CRiamk S AVl R & AR X B & 7218 C DI 2 FEHE
(T AUEHAICRE S U, FROME - TSR #e] &
LEBEENORD ERENETHDLEZZOND, A
KBELIZCICH LIZHEXR ADY 7 7~ Z2ADAR
EEORS X, Wne, 2RMETHD 2 LICEK
LCWDAREMENH 5,

RN OFER L B E LT To e B AT
WX DT TAL R TIEL, T2 T AF =D T&
7= (Fig. 2), TNEND T T AKX —BEE5A0> & HIT
To5E, 7I7AF—cBLOAdIZMIHISEL, 7T A
Z—a, bBIWelTHIZHIGT D EHxbNz, 7T
ZH—a kb, £FTTAZ—ck dIZTNENILE
MR L 7=RELCh 5 E b Dd 2, I — DR E
WLV D 7 T A —IIHEINTEEZ BN,

Y7 G2 RA0MIT7 TAL—g R TRTDI TR
A—THERBL, TNOLORTY T AL —{TE204E
LD ED I TAZ =L b T T AOEBEE
WEMNoT, 7T AZ—1I1E, KEPEL, HHEIAEL,
JCECHLEE S/ & <, K E B0em A 7 N — 3 L OVK
i FAN=RENZ LR E L ThIFohD, ZE
LY < ARHMMO 7~ T O/EMAIE, FI2U< i
IFES, REMENDBIEDOMEFTIZaMmT 522 &R
W s, 77 A — ORI ETICHE SN
TERBRELEY Y I~ AMADAEREHTE —E L=
(Krykhtin, 1962; Nagata, 2002; 45, 1988; Hg -
I, 1998, HRF, 2006; NS, 1998), 7 T AL —f
D LD RGENEHACU D K 5 T TR BT O IS AR B
BRiEE LCEENDZ L% (Nagata, 2002), —F
U5 AR—glE, VT AL —f & HEIEE L BREE
Ktk z2 b o0, KENSI HIZEY, 612, ik
EEHE L K& D220V 7 I~ AMADERICIT
RECThHhol-BEZ BN,

7T AL — Il FEERB LOVEREEICBWNTH Y
FAL—FIZIRWTREN-72 (Table 7), 7T AKX —
e, KENELS, WMEA/NSWEEEZ R L (Fig 3),
FRARFIZITI & B S 7z (Table 5), MIZRELGHT
Eb b, BIZE s TROBIFEORWETE LT,
PRI L o TIHER ARSI TH DL EZEZI BN
TV % (Urabe and Nakano, 1998), Z ® X 95 72l D%F
Wot, 7 IR IX 0D ETHW)IES 7 BHAE
VI BRI Z & m b TE Y (Heggenes
et al., 1991; F# L - *Fi¥, 1994; Inoue et al., 1997
Nickelson et al., 1992), ABFZETH IR < OMAEE
BRENOAERGTOFRLER L7 7~ AL 5F]
RAnghotzcbDbZx b, —J, 77A%—d
IEFAERRC I E S, 7T AZ—c LiRZ A
TNEEDN K 5 TR, IKOPEIVIAS TR E < Bip
o7z (Fig. 4), V7 7~ 2D & 72 5§ T EEHEEY
OBITHIIFFIELSIT 2720, HFIZBW TIRiHE
OBNFFAIITVERE, H U < X TRt T M HE B
Mk b2 < G515 (FurukawaTanaka, 1992), L
ML, 77 A% —d TIHHHBUICERARNHERE L, Ko
KBS DEIGEAR DR A I D726, Wi TAEWDIE L
WoNTLEY, WFERDRIR-oTND L THE
No, TOH 7 FZAX—clZlt_DEH T T<wAD
EARE D D70 < 7R DN B o T L EZ BTz,

7T A —eld, WMHNRKREDo72H, K T3
—MAE L 6-12% & LRI R & o7z (Fig 3), KM T
T3 /8= (AR K B 72 o T H B K & 72854y
Z 7= (Table 6), BIFEAD Rt CIEHIIELS 720,
B BHEEHEA O RIS L 7oA BBREED TR S 1
% (Shirvell, 1990), Z D7, 7 7 A X —e TIF,
WAERRE L LCIHETCE R b DD, Y77
~ A O+ DERIHFER T 2 G A TND EEZLBND,
77 AZ—bITHERIC SN T X TOWRIK S A
TERED, RbHE OMKRBANEO b, 7T A
A —DblZBWTIE, HEXAZROSS, EEME
LAEREENFEEICE, Kk 50em LA Eo A N —
EAE S AICHBE LTz, RERBROBIL, £k
PR OREWBERBE 2R L7V, K & OB A5
NWGFTL 722 0T (LA - A%y, 1996), BEEHEAK
E<RHIELITEY, Y7 T RO0+ITE o THFHE R
ALBRENSEMLE-ZbDESE X265, Kili k50cm
PA T S —TEFEIL KGR 53 23 VW SOARR 7 & O] i Aif A
Toh o7z (Table 6), VPR EN)FETEY HLT
WD Z &I Ko THRERR DY & O EEERY 7248 K O FE 23




A TER - FL - AN - EIE - Ok

Wipl, 7T AZ—elTRWTHEN K E W=, ]
MANBHERE LIS W RV 7 T~ A ERBELEAD
B Z R LB/ 7Z L b b,

7T A —al, WEIIIHEXA TIETTO
WK A 725880, FHEXCTIHMEEELEZS, 7
T AL =T OFRERETIHMEICXNIET D B2 b,
JTAF—ald s TAL—b LTS L, &<, K
BHERRKREW—17T, ZEREOFELCHE b/ S
W, L0 —BRRRETHHLESZAE D, HEXKA
OGS, 70— FERESREE X OUKE Fh/3—
CAEBRBENAERMBEZR L, 77 AX—e L
FRICBITEARIC £ > TR S 2 bl 7 i A B BRBE 23
7T~ ADERGHIORLIZR>TWnD EEE LI,
BIRARIC & > TR S AL D WEREE S 7 L — R DA B)
EL7EH LTS EEXLNRD,

Y7 I=RET T ALZ—cD X DRI THEEK
BRL D olzb DD, FHREND AL EJEI LR
DICBE LA 2IHIICH Y T2 B2 bh, 77 A
A=t L7 “T2FED” XK FINN—nHbH LD
MARRREAFAT AEELELEZ VLD EEXD
N, RN IIW R B O FHECE BRI L -
TU T AX =L - TRIEAHT S ey, =nz
NOPIZ b A ERREZZATHNDTID, —D
OFRBENOFRTHY 7 T~ AR BN D &
Bbohs, 2O, RMULI Rz 63T2527 7 A
=BV T HEEECABBEEITEL &N REN
BAENHLOTHA D, WK CYHHEERE Y2 T
<~ A 0+ DA B L OB ORIETIE, 1999 4EICHA
X A CT/KME FH8—(2% L CIEICAERE L= LIS Clids
BERMHENME LN o722 L b RBEOHERIC L B L
Bbns, —F5, 77 AZ—fIZmENm/hEL,
7 T~ AHEFIZ & o THE R I BREED ) 5
BWKREL ool O/ERBENKEL ol bE X
bivs,

RN CH 7 T~ 2 ERBEE L Me—FE e FH
o, 7724 —aBLPellBWTH 7 T AD
MAEBREZRMT 2 B2 0N KE Fh/S—1EK
o BERAIZ L > TER S, BIRAREKE N
TNR—EET D &b (BT - B AE, 1996), 0
THLIRIE DR < 22 D 7o O HEFA DRI L 7= R
BREZATZALT D (Shirvell, 1990), @A IL/NIIT
AR TS Z L 28 LT, WMERAICHLEL MIT
T, —F, VIALZ—DbIZBWTH Y T~ 2D EE
R B e KT T B DN REREIL, oo

FIOBRM N ANFT L7 7 RY a7 Noemacheilus
barbatulus toni O X 5 72 KA SSEIZ i 7o A B ERBE
PRTLEEZLNATHD (BES, 1996; Hi5,
2001), EJEA SRS S DM O LN Lo TR
ERWENHRLCLEI &, V7 I~ RDIEE DK
A B oFEE RS K OMERE T2 0y (B - HA,
2000), {ATEEARIIA D3 A O TP~ DA Z i3
HZEPHMBNTND WD, 2000), 2D XD
ATIERR IR N A~ ERAR 2 52 2 & oMl T
DN ZHIT 5 Z L1 Lo TN OBREE 2 BHEC

L, %7 T~ AHefb £ BRI 72084 BB BL 2 5N
SETWVDEEALND, 2D, Haloy s Z
~ AT & o TR ZRAERRE ZHMERFT 5 72 O ITTRE
ORI TEETH D,

ARG TR G E LIZWEICB T 5% 7 <R, K
WNREL, MRS, IAA=DZWIEL< OBl
Mo, WA N EENLWLIE OBEE T
FIH L TWz, IR TR, RERMOZ IITRE
SHD KD AR ARSI o T BRI O AN BB B oD
EWELLELTHERThHLAREEN S ST, 7T~
ADEBECERBBEIL, 77 A —tDO X7 -
EN” BDRESZEDD LI BRIGHRI TAX—cD
X9 U EFIH T 2 5A I IR AT & O BIFR 23 bk
B CH o720, WMAFHT 256, WMk s o
IV XS RMAERRKEOZEICHEL TS EH
oY

T T ADERBREBRET Db OIXII 0B E
WEDOAT— UL > TR D Z RSN TS (Inoue
et al., 1997 ; Inoue and Nunokawa, 2002), AHFSE%
Tol-R oY 27 7~ A LR EZHET 5 HEK 21
IREALA B B2 L &L 9 ERATD, EBGTOR
ITREHNZ Y 72 o T ez, IIRZ A T Ioxtis Uiz
BbdolN, LVNERAF—VLTHESRL TN
ATREMEAN BN T & AR ST, ARIE, TR BN
BT HMAERREDERILZIE LT, [EEDRER
HEFRA & ORRE TR DMLERDH D,

C I

1. 19994 & 2000 4ED 6 A FAICER)INZRB N TH 2
Tv A+ RDOAERBEELTS, WIKRFA 7L
WA T R AL OB BR BT ORI, Wi, JEE)
DOHEEIT- 1=,

2. V7 T= A0+ L, SEERE DY 1999 4TI 5.26-




WIE DY 2 T~ Ak L) EREE & DBR

5.63cm, 2000 4Tl 4.75-5.35cm T, ERBSATA
NI < 23 B it~ E AT S/ T 2 RN Y
L7,

3. U T AL RN X VIRENLZ L, 7 T~
AERBE L OBBERRZEZA, I TR
ERBEITEEKRERE S, FHmESEL, K
BN, Kif B 50em ARl B N —F LY
K FANR—=INE WG TE L @ eol,

4. VU T AOAERBEERET S OIXAIKRENICE E
NOWERBRE CHDL Z LRI,

5. MAEREREORIMIZITREAA B> TNWH DT,
Z ORI OY 7 T~ ZAEPEORRITITI IR O R
ENEETHDLEEZLN,
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