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Population Structure of Pink Salmon (Oncorhynchus gorbuscha) in Hokkaido:
Geographic Variation in Catch Fluctuations and Morphometric Characteristics
for Odd-year Class

Noboru Hoshino'?, Makoto Fujiwara™, Kiyoshi Kasugai”, Yasuyuki Miyakoshi*
and Katsumi Takeuchi*'

Abstract We examined the geographic variation in catch fluctuations and morphometric characteristics for the

odd-year class of pink salmon (Oncorhynchus gorbuscha) returning to Hokkaido. Factor analysis for the data

on catch in the coastal area of Hokkaido detected 4 regional factors of fluctuation, ie. Wakkanai~Sarufutsu,

Oumu~Rausu, Shibetsu~Ochiishi, and Hamanaka~Kushiro. Significant differences were observed among 9

river samples for many morphometric lengths. These variations in morphometric lengths were mainly

characterized for proportional variation of caudal peduncle by principal component analysis. Several meristic

counters such as fin ray had significant differences among the 10 river samples, especially for females. In our

present study, the environmental factors that cause the geographic variation in pink salmon have not been

clarified. We need to understand the ratio of natural population to the hatchery-released population,

morphometric variation in fry of both populations and so forth.
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Fig. 1 Map of eastern Hokkaido showing the twenty fishing areas and the six management units for the salmon propagation
program. Closed circles indicate the sampling localities for morphometric analysis of pink salmon.
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Table 1 Sample sizes (number of fish) used for morphometric analysis of pink salmon.

Sampling river Male Female Total Sampling

n meanFL (S.D.) cm n meanFL (8.D.) cm n meanFL (8.D.) cm date
Chiraibetsu R. 17 449 Q.7 17 446 (2.1 34 448 (1.9 Aug 30, 2005
Tonbetsu R. 30 56.8 (2.9 31 477 (@7 61 522 (5.4) Sep 10, 2005
Syokotsu R. 23 522 (4.6 28 485 (2.4) 51 50.1 (4.0 Sep 19, 2005
Yubetsu R. 26 56.3 (5.4 30 494 (2.8 56 52.6 (5.5) Sep 21, 2005
Mokoto R. 14 53.8 (3.0 13 477 (2.5) 27 50.8 (4.1) Sep 1, 2005
Syari R. 30 541 (5.1) 30 483 (2.1) 60 51.2 (4.8 Sep 12, 2005
Iwaobetsu R. 30 50.6 (5.8 30 47.9 (2.2 60 49.2 (4.6) Sep 13, 2005
Sashirui R. 31 543 (4.2 29 484 (2.1) 60 514 (4.5) Sep 14, 2005
Tohoro R. 30 53.3 (6.3 30 488 (3.2) 60 51.1 (5.4 Sep 5, 2005
Nishibetsu R. 30 51.7 (6.0 30 47.6 (3.0) 60 49.6 (5.1 Sep 5, 2005
Total 261 53.1 (5.6 268 48.0 (2.7) 529 50.5 (5.1)
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Fig.2 Morphometric landmarks (numbered circles) of
pink salmon. 3 Landmark (D) indicates the top of
premaxillary.
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Table 2 Rank-scores transformed from the increasing rate of catch (catch at t year /catch at t-2 year).

Fishig area '877'89  '897'91 '917'93 '937'95  '957'97  '977'99  '997'01 '017'03  '037'05
Wakkanai 2 4 0 3 3 0 4 2 3
Sarufutsu 2 4 1 2 3 1 3 2 3
Hamatonbetsu 2 2 2 2 2 1 2 4 2
Esashi 4 4 2 1 2 2 2 4 2
Western Okhotsk 2 4 2 2 3 2 2 3 2
Oumu 2 3 2 1 2 4 1 4 1
Okoppe 3 2 2 2 2 3 1 4 0
Monbetsu 3 2 2 2 2 3 1 4 1
Yubetsu 3 2 3 2 1 3 1 4 1
Saroma 2 3 2 2 1 2 2 4 1
Tokoro 2 3 2 2 1 2 1 4 2
Central Okhotsk 3 2 2 2 1 3 1 4 1
Abashiri-Koshimizu 3 2 2 2 2 2 2 4 2
Syari 3 2 2 3 1 2 1 4 2
Utoro 2 3 2 2 1 2 1 4 2
Eastern Okhotosk 3 2 2 2 1 2 1 4 2
Rausu 1 4 2 2 2 2 1 4 2
Shibetsu 2 2 1 2 2 2 1 2 1
Northern Nemuro 1 3 2 2 2 2 1 3 2
Notsuke-Betsukai 2 3 1 2 2 2 0 2 1
Nemuro 2 4 0 4 2 2 0 2 2
Southern Nemuro 2 4 1 2 2 2 0 2 1
Habomai-Ochiishi 0 4 0 4 1 2 0 4 2
Hamanaka-Akkeshi 0 4 0 2 0 0 4 2 2
Kushiro 0 4 2 2 1 0 4 2 2
Eastern Pacific 0 4 1 4 1 1 1 3 2
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Fig. 3 Plots of factor loading of the two principal components (PC) for transformed scores (values in Table 2). Factor analyses

were performed for four procedures (i.e., comparisons between six management units of the salmon propagation program (a),
seven fishing areas from Wakkanai to Monbetsu (b), six fishing areas from Syari to Nemuro (c¢), and six fishing areas from
Shibetsu to Kushiro (d).
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Table 3 Result of ANCOVAs for each morphometric
distance .If the slopes were not significant (n.s.d., p>0.05),
the equality of intercepts were tested (s.d., p<0.01).

Male Female
Distance Slope Intercept Slope Intercept
2-@ s.d. - n.s.d. n.s.d.
@-® n.s.d. s.d. nsd  sd
@B n.s.d. s.d. n.s.d. s.d.
®-® s.d. - n.s.d. s.d.
@-® s.d. - n.s.d. s.d.
@-® s.d. - n.s.d. s.d.
@& s.d. n.s.d. n.s.d. n.s.d.
@-®@ s.d. n.s.d. n.s.d. s.d.
60 s.d. - n.s.d. s.d.
®-® s.d. - n.s.d. s.d.
®-@ n.s.d. s.d. s.d. -
®-® n.s.d. s.d. s.d.
6-® n.s.d. s.d. s.d. -
®-®@ s.d. - n.s.d. s.d.
®-@ s.d. - n.s.d. s.d.
®-O n.s.d. s.d. n.s.d. s.d.
®-® n.s.d. n.s.d. n.s.d. s.d.
®-® n.s.d. s.d. n.s.d. s.d.
®-® n.s.d. s.d. n.s.d. s.d.
®-O n.s.d. s.d. n.s.d. s.d.
®-® n.s.d. n.s.d. n.s.d. s.d.
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Table 4 Result of post hoc pairwise ANCOVAs (Tukey type) between 9 river groups for each morphometric distance.
The morphometric distances with significant difference are shown in the right-side table for males and the left-side table for females,

respectively.
Tonbetsu R. Syokotsu R. Yubetsu R. Mogoto R. Syari R. Iwaobetsu R. Sashirui R. Tohoro R. Nishibetsu R.
®-0 @-®©-0®-0|®-0n-0 |©-O ®-®
Tonbetsu R. ®©-@® @-®
Syokotsu R. 6o oo oo
Yubetsu R. o® %% % 0
O-00BE-O GBHEeD 6B ®-®
Mogoto R. 6-@ ©-® ®-0
Syari R @B 60 (CRUICRBIONE] (ABIGXIOX) %—@ ®-0® |06
OXBIGX BRI ER(EEIOXDIC) @-®6-06-0/6-®6-O
Iwaobetsu R. @ ®-O
- 6B @-® @-0>@-066-B
Sashirui R.
2-06-@ -2 @-B|2-0@-@®6.@
Tohoro R.
Nishibetsu &, |2

Table 5 Eigenvectors for the first three principal components (PC).

male female
Distance PC1 PC2 PC3 Distance PC1 PC2 PC3
@-® 0.311 0.190 -0.102 @@ 0.033 -0.087 0.086
@-® 0.319 0.187 0.017 @-® 0.079 0.104 -0.074
®-®@ 0.323 0.174 0.129 2-® 0.079 -0.147 -0.314
®-® 0.270 -0.175 0.733 ®-® 0.072 -0.233 -0.379
®-0 0.323 0.092 0.291 @-® 0.043 -0.177 0.096
®-@ 0.320 0.137 -0.109 @-® 0.083 -0.228 0.141
®-® 0.290 -0.034 -0.507 @-® 0.147 -0.083 -0.362
®-® 0.325 0.096 -0.252 @-® 0.061 0.074 0.070
- 0.195 -0.802 -0.099 ®-® 0.072 -0.200 0.280
®-0 0.297 -0.400 -0.091 ®-® -0.074 0.378 0.536
®-® 0.319 0.166 0.008 ®-® 0.355 0.007 -0.037
Proportion 0.800 0.090 0.049 ®-® 0.131 -0.036 0.138
Cumulative 0.800 0.891 0.939 ®-0 -0.085 0.214 0.079
®-® -0.354 0.501 -0.372
®-® -0.217 0.300 -0.181
-@ -0.601 -0.439 0.035
®-® -0.499 -0.184 0.093
®-® 0.065 0.111 0.082
Proportion 0.263 0.134 0.119
Cumulative 0.263 0.397 0.516
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Fig. 4 Frequency distributions of the principal component (PC) scores. Y axis: relative frequency, X axis: relative class

(0.05 interval) of principal component scores.
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THERRE)INCx LARR, YR)ITo/”, Rig Tk
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Table 6 Results of Kruskal-Wallis test for each meristic
characteristic.

Meristic character significancy
male female
Pectral fin ray n.s.d p»<0.01
Pelvic fin ray n.s.d »<0.01
Dorsal fin ray »<0.05 »<0.01
Anal fin ray »<0.01 p»<0.01
First upper gill raker n.s.d n.s.d.
First lower gill raker n.s.d » <0.05
Second upper gill raker n.s.d n.s.d.
Second lower gill raker p <0.05 n.s.d.
Third upper gill raker »<0.05 n.s.d.
Third lower gill raker p<0.01 n.s.d.
Vertebrae n.s.d p <0.05

Table 7 Result of multiple comparisons between 10 river groups by Steel-Dwass test.
Meristic characteristics with significant difference (p<0.01) are shown in the right-side table for males and the left-side table for

females, respectively.

Tonbetsu R. | Syokotsu R. | Yubetsu R.

Mogoto R. Syari R.

Iwaobetsu R. | Sashirui R. Tohoro R. | Nishibetsu R.

AFR

Chiraibetsu R.

3LGR

Tonbetsu R.

AFR

Syokotsu R.

Yubetsu R.

Mogoto R.

Syari R. PCFR

Iwaobetsu R. PCFR

PVFR DFR
AFR

Sashirui R. PCFR AFR

Tohoro R. PCFR PCFR AFR

DFR AFR

Nishibetsu R. AFR

PCFR; pectoral fin ray, PVFR; pelvic fin ray, DFR; dorsal fin ray, AFR; anal fin ray, 3LGR; third lower gill raker.
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Relative frequency distributions for each meristic count with significant difference (p<0.01). PCFR; pectoral fin ray,

Fig. 5

DFR; dorsal fin ray, AFR; anal fin ray, 3LGR; third lower gill raker.

PVFR; pelvic fin ray,
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Migration Route and Moving Speed of Adult Chum Salmon Oncorhynchus keta
Returning to the Sea of Japan

Noboru Hoshino*'* and Makoto Fujiwara™

Abstract The characteristics for homing migration of adult chum salmon Oncorhynchus keta were examined
by mark-recapture experiments conducted in the Sea of Japan and Okhotsk in 2004 and 2005. The distributions
of recapture points for the 4 experiments conducted in the Sea of Okhotsk biased to the west side area of the
release site in each case. About 2-3% of the group released off Tokoro were estimated to be the population that
was returning to the Sea of Japan based on the catch equation model. In the two markrecapture experiments in
the Sea of Japan, little fish were recaptured in the west side area of Cape Syakotan, although most were
recaptured near the release points or the east side area of there. These results suggest that the migration route of
chum salmon returning to the Sea of Japan runs from the offshore area of Central Okhotsk to the coastal area of
Western Okhotsk, and the population returning over Cape Syakotan migrate in the offshore area of the Northern
Sea of Japan. The migration route may fluctuate widely depending on oceanographic conditions. Marked fish
migrated horizontally at speeds of 30-40km day*in the coastal area. The peak of recapture in Chitose River was
18 days after the release for the Hamamasu released group. The fishes that were recaptured in Chitose River
during the first half of the recapture period were of a more advanced maturity stage at the time of release than

the latter half recapture.
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Fig. 1 Map of the coastal area in Hokkaido showing the 6 release points ( star-marks).
Y¢ 1, Tokoro; ¥¥2, Esashi; ¥¢3, Sarufutsu; ¥4, Souya; Y¢5, Syosanbetsu; Y¢ 6, Hamamasu

Table 1 Summary of 6 mark-recapture experiments conducted in 2004 and 2005.

NO. Released Date Number of Age Sex F.g‘(e;.l]l).)
group Release 3 4 5 6 u.d. Male Female wu.d. cm
1 Tokoro 28.Sep.2004 421 22 253 130 4 9 225 194 2 66.9(4.7)
2 Esashi 16,17.Sep.2004 471 34 297 123 4 13 214 254 3 66.4(4.9)
3 Sarufutsu 15.Sep.2005 443 27 314 84 1 17 235 203 5 65.4(4.2)
4  Souya 12.0ct.2004 176 14 135 22 0 48 128 0 64.1(4.7)
5  Syosanbetsu 27.Sep.2005 171 16 120 29 1 97 73 1 66.6(4.5)
6 Hamamasu 11.0ct.2005 393 132 152 83 1 18 199 182 12 64.6(5.4)
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Fig. 2 Scale of relative distance along the coast from Cape Shiretoko to Cape Shirakami.
The star-marks indicate the release points (cf. Fig. 1).

Table 2 Percentage of recapture to release for each released group.

NO. Released Number of Number of  Percentage of
group release recapture recapture
1 Tokoro 421 262 62.2
2 Esashi 471 287 60.9
3 Sarufutsu 443 219 49.4
4 Souya 176 78 44.3
5 Syosanbetsu 171 64 37.4
6 Hamamasu 393 228 58.0
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Fig. 11 Distribution of surface water temperature in the Sea

of Okhotsk on Sep. 26, 2007. The NOAA satellite imagery is

quoted from the web-site “MARINE NET HOKKAIDO”
(http://www.fishexp.pref.hokkaido.jp).
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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.

Key words : %7 7~ AM5gd, FIE, W)IHEREEE, REAK, JEH)

H27 = & Oncorhynchus masouw 1IN S L,
FIFELEL T & VEMERITEHI L2,
ENOHEICHT TAENL MERRLTHITT 5, —i
BN BLAUTPEIR D E s A BN 2 L L, h7e & 2]
ML BARLT, RikCEINT S, 20k H1g,
FINEY 27 T~ ZADEERITI W THERE L S
D7z, JNBRBE DR & FFAM X AKE D RIRFRAEELD
LM AT 5 ECHOTEETH D,

JNEREE & 7 T <~ 2 OEREUE EERBF = & OB
RIZHOWTIE, AFETICbRA AT TE

(HE - 8, 1994; Inoue and Nakano, 1998, 2001;

Inoue et al., 1997 Inoue and Nunokawa, 2002; /Af%H
5, 2001; BH, 199372 &), LarL, ZHAbOFAD

%<0, 7 T~ ADOEBRBENLT LB R
2725 72T A 9 2o CORNZ AT TS

ENLUBORICB T2V 7 <A 0+ Shfa b REE L O
BRI DWW TIE, BRS04 B BRBE D FE# S 0 T
ﬂ%%&k@%%_owfﬁﬁbtmiibw(Mgm
2002; 448D, 1988; s - TN, 1998, HiR, 2006; F
JiE, 1981; #ARE, 2003), ORI L7zl B
DIREEZ Z D5E, Hx QRO LE LA BREC
HEHITDHDZEHLMETH DL, IR OBRE 3 -
W&V SR THUYRE T 5 Z &30, TR H
AL BOEREE L ORBRREVGNCTT D 2 &1l
TEOEREMREIT) LTCHLEETH D,

WIS 7RI, 27U T v - B VAR (critical

U AbMmE N K pERR LY (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 0611433, Japan)

cOBEpTE ST X
0611363, Japan)

a—RLb—3 =3 > (Rise Corporation Inc., Shimamatsuzawa 1, Eniwa, Hokkaido




A TER - FiL - AN - EIE - Ok

period) &MEENDTR BB BRBIEY Z2IBT 5 £ T
OMRNEEEDZE L L, 2B dH E 0
LAWZ L SN TS (Elliott, 1989, 1990, 1994),
D7 VT 4B U RICBWTIE, EIKD L
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BFEEO T DI KRBROEERLETH D, V7
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Fig. 1 Location of study area in the Atsuta River, Hokkaido.

JEHHX (HEBHEEBF) Z¥i, BAREIZHAT
LIEEINO LRI TH D) TIT-72 (Fig. 1),
A& DB HHI 10.7km, #97.7km, #6.3km _E
Wio, FRERA, B, COMERAZRTE L (Fig 1,
Table 1), TIEHNOFHAEXIE, MHEHAL (channel unit)
ZOILEEGT L HICHREL, T, LEECm»oT
WBLE T GAEX A ALALL, FH#X B : BL-BIO,
7272 L 2000 4F1% BI-B9, SHAEX C : Cl-C6), WFiH, Vi
BEOROWIR Y A TN FE LTz, IRBEALICATT 5
FEBIL2NFETTELRYIECIHATIZRD LD ITERE

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.




WE DY T~ 2k L) EREE & DR

L7y, FEOEIC LV FRBRN BN L0,
BLEFITFIZE o TET LH RIS LT,

FHAE X AT E WAL AICHET 5 Aa Bl T, A&
X B LOCIE Aa-Bb BATRUCHE Y L (AT, 1944),
FAE X B TIHPNIC £ 0 FREE DS 2 D125 iz o A3
HY, WO EFEORRE L,

MEBREDRIE

KA X D ENENDIIKENL DR S &2 W& i -
THE L, £E2810mLh EoBHA& I 2m ME T
10m K5 O A I3RS 0 5 %5y O M TRl 4 T
REWT 3 2 JIEM A % E Lz, FHERICBNTA Y Y
— &RV, JIMEZ 55y Uiz 4 izl s e Lz, %
HIE R ClE, AP I OWREZIE L, EEZieL
7=. TR ITFEE L JEJE % YOKOGAWA Pocket Tachometer
Model 3631 (B E skt ) 2y TllE
L, ZKEED bem Kl O 5 A 13X R HEO B E LTz,
JEE X Bain et al. (1985) #Z AL, 22— RFaid
gk U7= CEHZAME: 0, RifE <2mm: 1, 216mm: 2,
16-64mm: 3, 64-256mm: 4, >256mm: 5, MHDH 5
M 6), BUEERE LT, SHERLET, BEABER
K& 2m L EORBIROBIEO W A~ L%
10cm BN CTRESk L7,

AKE EWZED T2, b U<k L Ficfan
BisZ ek X RZERMAERTHDLDOE I N—L
L, {ERBAREIC T S—%, KEnoOME (Ki#F,
JKI _E 50cm A, /K E50ecm LA E) TH¥ELE, £
NEND T R—Z2NWT, BT 2 b O OFEZ ek
L, BFFE AR L TR S % 10cm HALCHIE
L7,

BEDORM

FHEOEIEIE, WHBREOE DRI 2B LA
To7z. BRI PICAPTR B 2 BE L L9,
FAEX O Tt I O R BAL O M 2 8 CfE) - 7=
%, WO, ICESKIAE (Smith-Root Inc., Model
12) AL CRELZEM L, 2 LHEEX A T
BRI E O L% Fl o, BAHIEE U538 C 3 [E#
WLz, B L2, EXEBLOWEZAIEL,
AR T 2 B S VT RTAR BT ikt L7,

1999 FITITMERBREE OMIE A 6 A 22, 23 H, fFHD
Bz 6 H 20 H~7H 1 HIZ, 2000 4E12 I3 EisR 50
WEA 6719, 20 H, BEOBRMA 6 H 21 ~23 HIC
1To7,

T—53 DEF

WMBBET—42  BETICIIKREE, WOE, EEHEE,
B RES KO S —mEREREZ e, KEE
P L, PR B T T OIE SIS B B E
DFIIE & BRI A R U, e B4 HIIE Lo it s
IR LOUSTE ORIEME A B Uiz, EEHE,
ARERNCB O TR LEE 2 — REWKRBNL D &
WEELTZEE U, BERE b E M Uiz, KL biH
MHMESFBICUTORICE > T — FEAEH L,
PZN R AR S [ R AT 1) e N0 Y

Fr="Vm (gd )'0'5

Fri 70— R Vi SEEJE ; g: IR (9.8ms™);
d: KGR

R FE LRI T N E RO R ST A il 70 6 Off
HOEVHLOAFEDLE L Lz, I —HfgLF
1%, KENDLOMMBEIZL > THELEEE OKE T,
K _E 50em A, KA b 50em LA L) TR iz&RF L
T 2 AT R BN O K R EAE CThR L7z b & LTz,
TEXOBRESRMEOENEH LT B8, T
KR, iR, JEEHE, B TL— R, KEE
R, URAERE, EEHELAERE, T — R
B ahirey, MEmRE, b oN—mfE Ok R, Kk
50cm A&, 7K b 50cm LA 1) 36 L OSERA R K g2 >
WT, AR SR & o T el B T 21T o T2,
2 TR OB PR BNTAE A D VI KR, s
JEEHLE, ST — R, AKIREEMRE, B2 H)
BR¥, BB ERK, T v— NEEERE, M
AL ES O A —TwfE (OKE T, 7K 50cm A,
K L 50cm B L) i & VTR AT 2170, &
oy Aar 2 R Lz, SHSUEERS AT D5
b, FBIOOE3IEMD AT 2R, AR AL
D—7 Uy RIFBEHCIESL 7 7 A% —fijir 4T - 7=,
BOEBRFZE BHishfEY7 7~ 20N KER%
i, T A~ A Salvelinus leucomaenis 3 K OV~
71271 Cottus nozawae HERALIZHTFE L D lehoie,
V7T~ AR EOBE ST HES W TER 2 0+ &
I+ L e icyidic, SR OY 7 7~ 2 OEERK
1, SEERORREEICEL W HEE L (Carle and Strub,
1978), T EMIREALOKFEET Ch L CAEREE &
L7,

BAE V7T~ A+ ARBEEMNEL, BB
BRI L UCTHERS T Z1T 570, s
Buk, FHKEE, FHEE, EEME, FHTL— R




BFHSH - JER - FIL - AN - I - Ok

B, KEEEVMREL, R EMRE, ICEHLEE AR,
7 V— REABRE, B R AT L OBAL E AT
720 &I N—HRETH o, [FERIC, FESCKED» S
DONLE S EZ3 T TR S - BALRIFE S 72 0 O o3
—iEifE & OMITH HEYRSIT AT > 7o, A O ERM:
EEOE) M EED DD, VT~ A EREE,
ERRKEE, EHE, E¥ T ov— Rk, EREHE L L
ZMZ CTHRBEW AT - 72, BEERLEL LA
—EAE, KT, WO, Tu— RE, EEHLE OBk
BIL W ERER AT o7z (Zar, 1984), EBRHEN
100% Z 8 2 7-%HA121E 100% & 73 L Cfi IEsGZ8 i %
it L7,

w R

HOSTR0+DYA XBLVERFE

B TR 0+ OFEERES LOKREE Table 21277
L7z, REOHEIZE O TIE2MEE bIlERKMTH
BARENRO B (ANOVA, 19994E: F = 6359, p <
0.005; 2000 ££: [ = 27282, p < 0.001), 1999 £4£ T4
XBAAEICHER A £/213C L0 k&L (Tukey test,
A-B, B-C: p < 005), 20004 TIEFHAEX CAHAEX A
E721EB XY (AC, B-C: p < 0001), FEXBPHAE
KAXOVARICKENS7 (p<005),

B T < Z 0+ OEEEE, TRTOREXE A
% & 1999 4R 388 ffR, 2000 4E(Z 440 AR T, FHAX

CTHENKEN -T2 (Table 2), FKEAZE DY 5
~ A O+ OERELE, 1999 FEI LA X A Tl 09 fllik (°F
P 43M1K), FEK B TIL2-55 K (21.3), AKX C
TIE 14-38 fE A (28.8), 2000 4EITFHAK A TIX 118 f#
K 47), FEX B TIiL 4-49 fHIK (278), FAEX C T
X TES IR (365) Thotz, V7 T~ R0+ D4R
FEVE, 1999 LA X 2K Tk 0.000-0.989 i {£ m™ o
FEZ LD, EYAEREETX0.096-0291  fEA m™,
2000 1%, A XML BEE OMPEIX 0.0171406
Bk m™ T, SEREBR#EEIX0072-0369 EAM™TH
-7z (Table 2), 19994, 2000 4ED 2 2VE & & AKX
BIZBWCAERBBEE D TEWEITNH - 72 (1999 4
BS; 2000 4F: B7), sRHEX C TIIk U CRIEENZ -
7203, WRBEALOEFEN K E Do Toi=, HERBEEIX
T EEL 2ol
FHICHEROEBBEZ KT 2L, HEXAD
EREENMLO FTiio 2PEXIZHERTERLS, A-BRH
(Kruskal Wallis test, 1999 4F: H = 7542, p = 0.006; 2000
fE:H = 4988, p=0026), BELOACH (19994 : H
=6.828, p=0009; 2000 4F: H = 10343, p=0001) Tix
BERENRD B2, B-CR (19994 : H = 0576,
p = 0448; 2000 4F: H = 0056, p = 0814) TITAEMNFRD
LRI T,

HEREGICEOM CTERBEEDEEITH &, T
TORBEX CHBREDR LN -T2 (A H=0027,
p = 0870; B: H = 0540, p = 0462; C: H = 1.256, p =

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




WBE DY T~ A ik LI EREE & ORIR

0.262),

REXDIREEHDHEE

2HMETCIRER ORRESREIENDRH 2 D0 5 )
T 570, FEREXER L LT, TRLENOR
B b SR IR DWW T e B AT 24T o
Too TOREE, EEPUKE, EEHE, EREHEA SR
5, MOEmEEE, K FASN—mRE, 3L ORI
IZB W CHAROMICAHE R 2D b7z (Table 3),
2OEEE LD TEEKEITo72L 25, FEEIKIE,
FEHE R SO EmEEICB WO CREX ABRW, K8
HMELIRBICB W CHER ABRM & A-CRI, K@ F
JN—THFEIZ BV T A X A-C [#] & B-CHTZinZEi

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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DR AR T, FEKEGE, FEESERE, KEH
FEAA MR, R mEELSR, KL 50cm A H N —
HRA R E <, WEATRYE, SUEmighEg, Kbk
50cm A 4 S — RS IELS, FRIKER K OVEEHLE
EEREP AT E LTz, £l 3 ORFAR &I,
SRR, EEHLE, BHEmAEE, Kk 50cm B
BB AS—mEREA K E <, SRR HLE 3 X O i
FERANIEIS, PGS X OVK i b 50cm A X —
m RSB wT G Lz,

THES 10632, 2—27 1) v FEEEEICHES
TO TAL =TTl 25, SERMHEEICL-
TT7T7 7 A% — (ag) WHyfETER (Fig 2), £h®
D2 T A X —OY RSO AE Y J O 4 Fig. 3
R LTz, 2T OWHBREOMAGEDLEND, Eih
ENOU T AL =L, a WABNHENSH Y, K N
IR—R0K 1 b B0em Al A7 R =D 7 W EBRER, b a 2P
50, HEEREN D72 <, KT B3 —</K i _E 50em
R N—=MNEWEE, o KENGHELS, mang<,
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-
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<P BT - K

RS, WS /NS WS, 7T A F —c Lkl
THRIE T =232 70 ORI T AR=DBEOVEREE, e K
R THIEOMm D THWEREE, & KEXEL, it
HAES, WEAMNAWERE, BXLUg FLK],
s <, EEOMWERE E L TREM T b,
EEESUN! LTcIRZ A T8 7 T 28— & D5t

ZoTHE

I
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Fig. 2 Dendrogram of channel units by cluster analysis
for principal scores of principal component analysis.
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WE DY 7 T~ AL pidh &8 & o BIfR

EhDHE, 7TAZ—alTHEXADOT X TOWKH
AT DG, FEXC TITRMEE P> SRk S vz,
7 7 AH— b THEX CORMEE RV T X TOHRA
XOWERY A TR S iz, 7 7 AH —cITfAE
KBEBELORCOWMMN O DORMEK STz, 77 A% —d
EHEX BORN DR, 7T AX—elTfEKX B E
72X CORWEND, 7T AKX —FITFTHEX B OFHEN D,
7T AL — g lTHAEX B O RIHN DTN E R S
7= (Table 5),
BETREZELLELT, 7724 —dIF2FEL LR
CHATT (B2), EWMMANSEIFANHERE L Tt 2 e
STHEY, KBPBEIMAZBERL CTHAERLZY, R
il & @i L iz LTz (Fig 4),

MBRIELY I SR+ EBEEEOBER

X A THEX B, CIlkle L C¥y4& BBmEN
K<, TNENORER TIT20ETERBD bk
Mofoiow, HEX AITHMT, HEXBECEE L
D THEBNHBESHT 21T - 72, L OREE, 1999 127

XA TKIME NI S—MmENELSEE L EOFR (r =
0639, p = 0034) % L7ZLIANTIE, 1E0DER XU
HX THERMBEITERD bhR-T,

H =K OAE OKiE F, Kl £ 50 cm A
i, K E50 cm BAE) EHAN—ZERT DL OO
BRI (BRA, Fob o, Zofh) 2o H

i

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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ZRwic L T 5 (Table 6), /Kifi T 77/3—"TIL 1999 4F
DFAERX C Z BRr VN TEIRADEFI G DK E D> 72, K
77 28— "T1F 2000 S OFHAEX B 2 BRUNTHED b O
DEEBRE o7,

PSRA—EHHSTR 0+ EDBER

U5 AR =L T A 0y DK T OVER
B AR L (Table T), 7 7 AX —g TlEH 7 I~2A
NEBLTCWehotz, TRUSND T T AL —TILfH
RO ML 100-31.1 T, b EHERKE -7
DFXI TAF—cT, RWTITTAXZ—fThHoT,
JTAF—aBLPb TRV Z I~ ARMIFEA LN
Do TR BAL D B 50 B R % il 2 D RHEALE CTH Y,
HIHA K E o7,

A B OSEAE1E 01381198 A m2 T, 7 T A%
—FTIFE LS RE DN, TSSO T 22—
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
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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
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Morphometric Discrimination between the Lake-Resident and Anadromous
Fish of Wakasagi in the Lake Abashiri System

Mitsuru Torao*' and Kazushi Imada:"?

Abstract The Wakasagi, Hypomesus nipponensis, population in Lake Abashiri is comprised of lake-resident
and anadromous groups depending on their migration patterns. We validated the morphometric method in
discriminating the two groups. Principal component analysis was performed, and the difference summarized by
the first and second principal component of the length- and size-adjusted data between lake-resident and
anadromous forms. Discriminant analysis successfully separated the two groups with the high probability of
about 95%, using ten variables (standard length, condition factor, body depth, body width, eye diameter,
interorbital width, depth of caudal peduncle, length of the top of snout to the origin of pelvic fin, length of
the origin of pelvic fin to the caudal fin base) . The results show the possibility of distinction of the migration
groups of Lake Abashiri by the morphometric method. We concluded that most morphological variations
between two forms should be related to the growth. Lake-resident groups in Lake Abashiri mainly prey on
plankton. On the other hand, anadromous form has a wider feeding habit, in most cases preying on benthos.
Accordingly, the differences in the nutritional condition and growth would occur due to influence of the

feeding environment.
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Fig.1 Map showing the locations and sampling points where
the lake-resident and the anadromous groups of H.nipponensis
were collected. The lake-resident sample was collected in
St. A, while the anadromous group was in St. B.

Fig. 2

[ustration of the measured morphometric characteristics
and locations of the 6 landmarks used to calculate the truss
network (lines). Measured characteristics are head length (HL),
eye diameter (ED), snout length (SNL), upper jaw length

(UJL), interorbital width (IW), body depth (BD), body
width (BW), and depth of caudal peduncle (DCP). Truss
landmarks refer to a) top of snout, b) origin of dorsal fin,

c) origin of adipose fin, d) origin of pelvic fin, e) origin of
anal fin, and f) caudal fin base.
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Fig. 3 Frequency distributions of standard length, body weight and condition factors with sex ratios of the lake-resident and
anadromous groups of H.nipponensis. There were significant differences between the lake-resident (#»=123) and anadromous
(n=108) groups in each characteristic (Mann-Whitney’s U-test. Standard length, z=4.41, p<0.0001; Body weight, z=6.17,

p<0.0001, Condition factor, z=6.17, p<0.0001).
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Table 1 Comparisons of measured values and proportional measurements between the lake-resident and the anadromous
groups of H.nipponensis.

Measured . . e Proportional . .
morphometric Lake-resident =~ Anadromous Probability Lake-resident Anadromous Probability
characters measurements
HL 15.85+1.67 16.52+0.82 p=0.0037 HL/SL(%) 20.95+0.58  20.77+0.85  p=0.0602
ED 4.65+0.36 4.72+0.48 p=0.1658 ED/SL(%) 6.16+0.38 5.98+0.35  p<0.0001
SNL 4.97+0.73 5.01+0.74 p=0.7158 SNL/SL(%) 6.55+0.47 6.29+0.57  p<0.0001
UJL 6.94+0.74 7.40+0.93 1 <0.0001 UJL/SL(%) 9.17+0.41 9.30£0.47 p=0.0433
W 3.47+0.45 3.47+0.47 p=0.9784 TW/SL(%) 4.59+0.34 4.38+0.40  p<0.0001
BD 12.59+1.44 13.32£1.60 <0.0001 BD/SL(%) 16.63+0.69 16.72+0.81 p=0.2852
BW 8.55+0.99 8.52+1.05 p=0.8481 BW/SL(%) 11.30+0.53  10.69+0.55  p<0.0001
DCP 4.64+0.47 4.79+0.62 p=0.0452 DCP/SL(%) 6.14+0.27 6.02+0.33  p=0.0008
ab 37.34+3.88 39.56+3.98 <0.0001 ab/SL(%) 49.32+1.22 = 49.756£1.23  p=0.0115
ac 60.94+5.99 65.09+6.86 <0.0001 ac/SL(%) 80.49+1.69 | 81.80+1.81  p<0.0001
ad 36.74+3.73 38.70+4.20 p=0.0002 ad/SL(%) 48.57+1.14  48.63+1.29  p=0.7473
ae 54.26+5.38 57.24+6.27 p=0.0001 ae/SL(%) 71.63+1.82  70.28+6.05  p=0.2302
bf 37.09+3.60 39.89+4.69 1 <0.0001 bf/SL(%) 49.05+1.24 | 50.01£1.73  p<0.0001
cf 13.12+1.56 13.92+1.99 p»=0.0008 cf/SL(%) 17.35+1.06  17.46+1.35  p=0.4606
df 37.88+3.84 40.40+4.75 »<0.0001 df/SL(%) 50.08+1.16 50.72+1.66 p=0.0006
ef 19.80+2.23 21.49+2.63 1 <0.0001 ef/SL(%) 26.18+1.26 = 26.98+1.34  p<0.0001

The statistical differences were determined by the t-test. Gray mesh shows the average value is significantly larger. Measured

characteristics are head length (HL), eye diameter (ED), snout length (SNL), upper jaw length (UJL), interorbital width (IW),
body depth (BD), body width (BW), and depth of caudal peduncle (DCP). Landmarks referred to a) top of snout, b) origin of

dorsal fin, c) origin of adipose fin, d) origin of pelvic fin, e) origin of anal fin, f) caudal fin base. Then, the lengths of ab, ac,
ad, ae, bf, cf, dfand ef were obtained.
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Fig. 4 Frequency distributions of numbers of gill rakers and vertebrae of the lake-resident and the anadromous groups of
H.nipponensis. No significant differences were found between both groups in the numbers of gill rakers and vertebrae
(Mann-Whitney’s U-test, numbers of gill rakers; z=1.94, p>0.05; number of vertebrae, z=1.25, p>0.05).
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fEH N (ae) NFN T4 0990, 0986, 0983, 0.983
EIEFICRE L, B2 ER TIHIEE D 0590 & KR
RELSEN, RESICHETHIHRF-OFERRED 2T,

FIBI 4

HE L= 2FH o R mn FIEZ R LI P E &%
PUCTRIGHIBI AT 24T > 7o BN W2 JEE X
5« IEWGEL - (R - IRIE - AREE - IR AR - AW
o Wt - MR RR (ad) - MEEEREAS - REEIEER (df)

Table 2 Eigenvalue of principal components (PC) 1-3 of the
morphological variation among individuals and the loadings
of predictor characteristics.

PC1 PC2 PC3
Eigenvalue 16.918 1.177 0.978

Cummulative percentage 0.736 0.787 0.829

Facter loading

Standard length (SL) 0.986 -0.031  -0.044
weight 0.973 0.119  -0.035
Condition factor (CF) 0.276  0.590 0.269
Body depth (BD) 0.949  0.155  0.079
Body width (BW) 0.894 0.166  0.003
Head length (HL) 0.961  0.025  -0.039
Eye diameter (ED) 0.821  0.037  -0.182
Interorbital width (IW) 0.790  -0.040  -0.010
Upper jaw length (UJL) 0.936  0.037 -0.064
Snout length (SNL) 0.855 -0.058  -0.021
Depth of caudal peduncle (DCP) 0.921  0.044 -0.013
ad 0.977 -0.023  -0.038

ae 0.983  -0.014  -0.042

df 0.978 -0.040  0.005

ef 0.927 -0.081  0.042

ab 0.973 -0.027  -0.030

ac 0.983 -0.020  -0.018

bf 0.970 -0.024  0.013

cf 0.882  -0.077  0.022

af 0.990 -0.040 -0.016

No. of gill rakers -0.009 0.486 0.627

No. of vertebrae 0.212 -0.627  0.505

DIOFETH-T, ZNHDOREEZ AW TELLH
BIEEREFRRD LB TH D,

DF=-2430 X (K] 7220 X fEifi H +2446 X (K& +9497
X AR +2.377 X AREE +3780 X il AR [ @ 1% +3.038 X 2
i +0796 X ad-0.004 X df+87471
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Fig. 5 Frequency distributions of discriminant scores among
the lake-resident or the anadromous groups of H.nipponensis

from the Lake Abashiri system
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WORBENEFICEW] ELTWLZEnbY, 4l
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AT [E]EER &l U C AV EE 2 BT,
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<HFIHT 5 Z R LN~z (Katayama et al., 2007)
ZEmB iy, MM~ W [EERE O AR, W
NEEEBE DI E TRV T<HZ Eick-T, b
PFRNSMBENRA LT TR LB ETE 2, L
ML, 95% RREE & WV HTIEE T2 AR TE 5 &
WO FER D, TBREIC & 2 BIER OB+ 5y FIRET
HBHZERFEDL R,

BN 7% BB & 0T RSB 2 B 5 2 TR B 7 22 RIS
DWW, BT E4T 5 T FAEO EWIEIC A S &N
ZTCHN LRAHIBIRAN E D L D IZE DD I 20T
FLiZE A, IBWEEMZ D & HBIEN 0713 5
0898 ~K& <M bELiz, £/, hE (K5 - (Kig - 2
Wi - ad (Wi - JEfEIEAR) - df (MERERL A - REESL
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