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Ecological Characteristics and Variations in Numerical
Characters of Masu Salmon, Oncorhynchus masou
Populations in Rivers of Japan
Sea Coast of Hokkaido

Shuichi Maxo*, Yasuji Kanno*, Tetsuichiro KinosHITA*®,
Tatsuaki MaEpA* and Kenichiro Kyusmin**

Abstract

Variations in numerical characters and population structure of Masu salmon populations
were examined. Samples were collected from May to June, 1990 at seven rivers in Hokkaido,
Japan. Seven numerical characters (vartebrae, upper gill rakers, lower gill rakers, dorsal fin
rays, pectoral fin rays, pelvic fin rays and anal fin rays) were counted and analysed.
One-year-old fish form 93%, of all samples, and they were used for the following analysis. As
a result of analysis of variance, significant differences in the means were observed in regards
to five characters (vartebrae, lower gill rakers, dorsal fin rays, pectoral fin rays and anal fin
rays) among seven populations. Mahalanobis’s generalized distance was calculated using five
significant characters and the distance shows a low value among near populations. The
exception was the Kokamotsu River which showed singularity. According to the dendro-
gram based on Mahalanobis’s generalized distance, the examined seven populations appeared
to be divided into three groups, with the Kokamotsu River showing a high distinet isolate.
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TN vV BRESRCERYFENL, FIIBEBCEI2HEMEOEROBRIVANEBEY
HONZTHZEXEBNELAELDTH S,

WEE LUHE

AP A FokkhE, 19904E5 B 16 H225 6 5 8 H¥To 24 AR, db¥gio H AR
sl L T (PRI, #0R)1, 2501, Em, &Y, R, Bl » b
M hi=¥75<2 01HEHETHS (Fig 1, Table 1), HREIIES 12mm, ER32m OHHEY
v, BREOER B IEERELARECELE -,

B, bBEA O MEOM) NI SEEELEIKE S hT525, AEMIO 5 B THKEI,
ERIC@EFE A Thhtsbd, CoM|0BRIEBREPOLTL » THBEIL T 5, il
O 5 F I AR AR ER ST X h BHBMA TR T 58, RiRARRBEIRL 0N
ECERZINTKY, BREMCIHL DL IPMEHEINTHZ EHTE R, LIh-T, &
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Fig. 1. Map showing the seven rivers from which Masu salmon were sampled in 1990.

Table 1. Catch data for Masu salmon sampled from seven rivers in Hokkaido from May

to June in 1990.
. . Sampling Number
River Sampling date implement of fish
Shimonaefutoro R. June 6, 1990 Cast net ) 100
Masuhoro R. June 8, 1990 Cast net 109
Shokanbetsu R. June 4-6, 1990 Cast net 94
Atsuta R. May 28-30, 1990 Cast net 100
Shakotan R. May 31-June 2, 1990 Cast net 105
Ken-ichi R. May 16-22, 1990 Cast net 93
Kokamotsu R. May 17-20, 1990 Cast net 100
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RTENCMA LICHHIEROThh Ty AT h BRENC L - TEEhi-BED A
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Zhodihicont, BE&GRE (LT, R EVv5), THEE, LEEEE, THEELK &
EERAY, BEEREH, BEEEYK BEHSBEONER I CHEZT- . BHEEHIHXE
FHEBEE, BERYATLIEIHEE»ORTERE LR LA, BRI, G651
SYBEILTIVEEL, cr <V VEELLRBL7ZIF I Vv FOREL, NBEEEMET
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i,
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Fig. 4. Frequency distributions of Masu salmon with a fork length of 1* sampled from seven
rivers in Hokkaido, 1990.

Table 2. Number of males and females, and their percentage of Masu salmon sampled from
seven rivers in Hokkaido, 1990.

Male Female S T
River Sex otal
Number Percent Number Percent unidentified ~ Number

Shimonaefutoro R. 32 32.0 68 68.0 . 100
Masuhoro R. 52 47.7 57 52.3 109
Shokanbetsu R. 34 39.4 57 60.6 3 94
Atsuta R. 87 87.0 13 13.0 100
Shakotan R. 69 65.7 36 34.3 105
Ken-ichi R. 75 80.6 18 194 93
Kokamotsu R. 70 70.0 30 30.0 160
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Table 3. Age composition of Masu salmon sampled from seven rivers in Hokkaido, 1990.

Male Female Total
River Age

o+ 1+ 9+ o+ 1+ o+ o+ 1+ 9+
Shimonaefutoro R. 31 1 67 1 98 2
Masuhoro R. 51 1 56 1 107 2
Shokanbetsu R. 26 8 56 1 82 9
Atsuta R. 78 9 13 91 9
Shakotan R. 58 11 36 94 11
Ken-ichi R. 3 65 7 18 3 83 7

Kokamotsu R. 66 4 30 96

Table 4. Frequency distribution of seven numerical characters of Masu salmon aged 1* sampled
from seven rivers in Hokkaido, 1990.

a) Vertebrae
Vertebrae
River Ii‘fl.l?igﬁr Mean
S 63 64 66 66 67 68 69
Shimonaefutoro R. 2 16 55 22 3 98 65.08
Masuhoro: R. 3. 34 46 22 1 106 64.85
Shokanbetsu R. 1 20 35 19 4 1 80 65.10
Atsuta R - - -100 35 41 5 9 65.45
Shakotan R. = .. 10 - 35 38 8 . -2 93 65.54
Ken-ichi R. 1 13 36 23 10 83 65.34
Kokamotsu R. 6 26 38 21 4 1 96 65.94
b) Upper gill rakers
) Upper gill rakers Number
River — £ fish Mean
6 7 8 9 °

Shimonaefutoro R. T 63 28 L. 98 7.21
Masuhoro R. 10 68 28 1 107 1719
Shokanbetsu R. 4: 62 15 1 o 82 7.16
Atsuta R. o BT 33 90 7.37
Shakotan R. 5 60 25 2 < 92 7.26
‘Ken-ichi R. B 44 26 4 - 80 7.35
Kokamotsu R. 8 62 23 2 95 7.20
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Table 4.

(continued)

Lower gill rakers

Number

River 9 10 11 12 13 14 of fish Hean
Shimonaefutoro R. 2 48 36 10 96 11.56
Masuhoro R. 6 51 41 6 1 105 11.48
Shokanbetsu R. 1 2 30 4 5 82 11.61
Atsuta R. 4 34 48 3 89 11.56
Shakotan R. 1 9 34 45 5 94 11.47
Ken-ichi R. 2 29 41 11 83 11.73
Kokamotsu R. 14 47 33 2 96 11.24
d) Dorsal fin rays

] Dorsal fin rays Number
River Mean

14 15 16 17 18 of fish
Shimonaefutoro R. 4 40 49 5 98 15.56
Masuhoro R. 4 42 51 9 106 15.61
Shokanbetsu R. 14 40 26 2 82 15.20
Atsuta R. 6 41 40 4 91 15.46
Shakotan R. 3 36 45 9 1 94 15.67
Ken-ichi R. 3 21 43 16 - 83 15.87
Kokamotsu R. 1 14 52 28 1 96 16.15

e) Pectoral fin rays

) Pectoral fin rays Number
River Mean

12 13 14 15 16 of fish
Shimonaefutoro R. 13 70 15 98 14.02
Masuhoro R. 26 69 10 105 13.85
Shokanbetsu R. 1 19 51 10 1 82 13.89
Atsuta R. 5 54 32 91 14.30
Shakotan R. 2 9 62 20 93 14.08
Ken-ichi R. 1 15 48 18 1 83 14.04
Kokamotsu R. 8 56 30 94 14.23
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Table4. (continued)
f) Pelvic fin rays

Pelvic fin rays Number

River m— of fish Mean
Shimonaefutoro R. 1 92 4 97 9.03
Masuhoro R. 4 97 5 106 9.01
Shokanbetsu R. 5 69 4 78 8.99
Atsuta R. 3 84 3 90 9.00
Shakotan R. 3 82 9 94 9.06
Ken-ichi R. 1 78 4 83 9.04
Kokamotsu R. 5 85 6 96 9.01
g) Anal fin rays
River Anal fin rays Number Mean
14 15 16 17 18 of fish
Shimonaefutoro R. 22 55 20 1 98 16.00
Masuhoro R. 3 25 56 23 107 15.93
Shokanbetsu R. 1 20 36 23 80 16.01
Atsuta R. 1 19 54 15 2 91 15.98
Shakotan R. 1 38 52 3 94 15.61
Ken-ichi R. 1 30 36 15 82 15.79
Kokamotsu R. 23 55 18 96 15.95

N, BN, EREJITIL 66, FH{HEIL 64.85~65.94 Th - (Table 4-a), = I &)l DHIEH
BRI (Fig 1) L T<as &, dbof)ilcd iz BOMIITEWERRAL SR (Fig b),
ZhILERESH T REOTHERCALAS [TEEE] L5 —BERENER L&
HOEMTH B,

IREEFKZ 6~ 0EEILD Y, T— FRLMITTizhd, FHHEILTI6~TITTHoTe
(Table 4-b), = & dkfio> 3 FJI (‘F?ﬁk%Jll, W), 2NN tEflo 4wl (BB, &

1, B, M) w3 TiB &, kbl BETs v 5EanLbhie (Fig b).

TR I~ oBHEKH D, = — FIXTEKXEI, BRI, PMBE)IT11, 2FJ, B
|, ), Billcik12eh b, FHEI 11.24~1173 CH - o (Table 4-¢), & DT/ ME
Bllloah o 6 F)I| & HE L TEVE (11.24) &R L% (Fig. 5),

LA 4~18 DEiE D Y, = — FIXEBEF)IEER) D ZHH15, o 5 Mt 16
ZHh, FEHER 15.20~16.15 TH - = (Table 4-d), LD%EIL)%#&%%(&:H%L, 2T A
Tl T i oM TH W ER ML SR (Fig b),

MotBEk Bt 12~16 OFHEI D H, £ — F3LM)IIT 4 d b, FHEIL 13.85~14.30 TH -
7= (Table 4-e), FFHEXREM) | OhRIZMABTHEHIIDEAT, Thi HEEIoR)|T)
EL e BH, BRALOTHRR/I EREO/NMEBE)TRBURLOXE L RLE (Fig b),
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Fig.5. Means and its 959, confidence intervals of seven numerical characters (Vertebrae,
Upper gill rakers, Lower gill rakers, Dorsal fin rays, Pectoral fin rays, Pelvic fin rays, Anal
fin rays) of Masu salmon sampled from seven rivers in Hokkaido, 1990.

IERE LKL 8~10 nEEwh b, =— FRELMHTID Y, FHEIL8.99~9.06 ThH-1:
(Table 4-f), I 4 I (FHEARKI, #EI, 2L, ER)) LEflo 3@ (#H, R
ml, AR B L, FREROTIFEN TESERIL»LEE L - TEA L, E/)
LB ORIcARES & ksEmB L bR (Fig 5),

Bk MU 14~ 18 OFBI D b, £ — LT 16 h b, FHEL 15.61~16.01 TH -
o (Table 4-g), FiE LMD 4 B/ (FERBI, HE)I, 2L, BB CELLE
R UM, Rl 3 A (BRI, B, NeE)I) oMz K& ko Tz (Fig
5)

HHEMOER AHRROTERAMIMECLALAATIFEOMBHEROKXE IXHLL
Bz L THBD, AIEEORFLITINE, FhEhOBED T, FHED MRS
FEEROEFEICDOWTOMANEBRF L VMBI L » TiT o oo 2 L, MR O S8 EREE
DED BRI THIOBRE O FHEOREIL Aspin-Welch O HEY & B\ e, ZORER, T TH
BHOA9FY DL ELRDO S S, FREL TV AWASHOEHEARELRD b, 20D
O 3SHEETHABRIOBRTH -7, DX 5 MR THEL DI EHECEREDRD
LRIHED H AL, TOEGISHT 14%, FHET 129, LV -TeDT, BITOEMS %
BBl LT o clikiEo B 2 —E L CIIFHoER LB L 2,

FNBENER BT L TRE R EFRiC o T B o ESEoB— S oRERX S
WAMEXEW Tt oA, BHEEEELRD LR (Tableb), £ Db T OENT
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Table 5. Analysis of variance for seven numerical characters of Masu salmon aged 1*
sampled from seven rivers in Hokkaido, 1990.

Between samples Within sample
Numerical variation variation Variance
character ratio
Variance df Variance df
Vertebrae 12.588 6 0.756 640 16.651**
Upper gill rakers 0.583 6 0.339 637 1.720
Lower gill rakers 2.135 6 0.515 638 4.146**
Dorsal fin rays 8113 6 0.509 643 15.939**
Pectoral fin rays 2.542 6 0.370 639 6.870**
Pelvic fin rays 0.059 6 0.089 637 0.663
Anal fin rays 1.978 6 0.491 641 4.029**

* Significant at 5%, level
** Significant at 19, level

3, BRZEOTD LR LBFHEEY, THERYK, THEERAE, BEREES L CBERERO SV
Bz owTHlJl|of 2 D2 &R TEREXTY, WIIFMOERYBE LI,

LEDOBHBE oW, THJIFEMT2IED, A5 106 HOBTRERTolc 25, FHT
1148, EHETEHICETENTD LMt (Table 6), FHEDOKRE THENS { HEENTD
Shi-EE, FERR (154), FERER (16 ) & X UlERER (134) ch -7 M

Table 6. Characters with significant differences for each pair among seven rivers (Rl:
Shimonaefutoro R., R2: Masuhoro R., R3: Shokanbetsu R., R4: Atsuta R., R5:
Shakotan R., R6 : Ken-ichi R., R7: Kokamotsu R.) in Hokkaido. The characters with
significant difference of mean and variance are below the diagonal line and above
respectively. The five numerical characters are shown in numeric notation (1: Verte-
brae, 2: Lower gill rakers, 3: Dorsal fin rays, 4: Pectoral fin rays, 5: Anal fin rays).

River R1 R2 R3 R4 R5 Ré R7
R1 *4 **4 **1
R2 *1 *4 **5 *4 *1
R3 “3 "3 *'5
R4 ‘#1 **4 "1 *‘4 "1 33 15 .4 #'1

#'4
R5 “l ‘*5 “1 l‘4 ‘tl .'3 i3 14 ‘5
#'5 .‘5 “5
RG .1 *'3 *‘1 l2 “3 *'3 ‘*4 '2
*3 +4
R7 “l ‘.2 “1 ‘2 *11 “2 .‘1 “2 l.l '2 “1 ‘12
.‘3 ..4 t‘3 ‘#4 **3 “4 3‘3 .‘3 .‘4 83 '4

* Significant at 5%, level
** Bignificant at 19, level
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Table 7. The Mahalanobis’s generalized distance (upper triangle) and the percent overlap
(lower triangle) for each pair among populations of Masu salmon sampled from seven
rivers in Hokkaido, 1990. The values were calculated using five numerical characters
(Vertebrae, Lower gill rakers, Dorsal fin rays, Pectoral fin rays, Anal fin rays).
Notations of rivers are the same as in Table 6.

River R1 R2 R3 R4 R5 R6 R7
R1 0.153 0.300 0.3563 0.741 0.493 1.970
R2 84.1 0.523 0.940 1.050 0.659 2.533
R3 78.7 71.9 0.656 1.399 1.239 3.279
R4 76.4 63.1 68.9 0.619 0.735 1.470
R6 66.7 61.0 55.5 69.7 0.316 0.834
R6 72.6 68.2 575 66.7 719 1.198
R7 48.4 424 36.3 54.2 64.6 58.2

Shimonaetutoro R. — 2 153 0.412
Masuhoro R. —— 0.650
Shokanbetsu R, ——————— 0.667
Atsuta R.
Shakotan R. 0.318
Ken-ichi R. -

Kokamotsu R.

Fig. 6. Dendrogram based on Mahalanobis’s generalized distance, calculated using five numeri-
cal characters (Vertebrae, Lower gill rakers, Dorsal fin rays, Pectoral fin rays, Anal fin rays)
of Masu salmon sampled from seven rivers in Hokkaido, 1990.

DEAERZLEEBHER YA B L, THHEOLTOEAEbRETPR EL 1D ED
HEEYRITHE D -, FTLHERHBEOL V- OI/PMREIT, o 6F)llEol4LGHE
DL EORTLHE, 1 W) LOMTIHWECEREEZRLRL, oMb THERME
DHENZ ERRLTI,

wic, PHECERBRZORD bht 5 HEYBVCH)IBEHOMEER2 2 EHCBHT 51D, <
~F 7 CADOPES (D?) ZEL Table TitRmLic, =~ 5/ EXADNAEREIT2£EM (¢, j) ©
HEOFHE~7 b v EThLhp, u, FBORIETFE T CRbT L,

Dr=(p;—p;Y X~ p0;— 1)

ELTRDBNDG, ¥, =~ F 7 EAOPERE (D?) 55 Royee? K WEEERXHEL
(Table 7), D? fHEE L) CR—/h &, S BRATAITK E R RTERSD 5,
LaL, /BRI MO 6B L HEL CHCEEXRL, o)X s REMEO/R VL%
RLTW35,

=37 ERAONER (D?) 2BAEMOER L AL LBETEHERLI -T2 A2 —GH%fT
VWHRHER R ER L7z (Fig. 6), 2 DR, 0.T v E#I 7 28 —% 535 &, TEKRE, #HIR
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JI, 2R, EBJINL1E, B, BHIIASL1E, £ U C/MMBEJINEIMTLIE, 053
o bhtc, £ LT LB - TEROIEKL TV 2HERA LR D, ZOHT, /)
BRI DZMDRD 7 5 AL — o) & ORTA R D?{H(1.88) ¥/RL, HIEVWREH
ERLTWA,

x =

MR s, ERB S defllo 3 (FEXEII, BRI, Z2F50)) LEflo 471 (B
I, BRI, BRI, M) TRAEARENL DAL, JhiCil, ABORERIEIEED
BN E R Z 271012 D AR BEOFICHE L TRET 35, BILANIRY
BELCHET TN T—4E2K 2500852 2279 HEKRLTVBEEbh B, 2% D,
A cELoOM) IR oIz K ERENZLRICDRZ, BAORE IR MHNLNAEORYE
Bl B ic - T\, EBILUEOME)|CHRicEEENYRY, oL BB LLETH-
Toledd, EEx2bhb,

BEOBMERREREBOKBELES R EONTBEOREYZTLLubhTVL 5,
#ADOHWBALAHMENEHI - ORMOBEOBIERBM LI bDEEL LR EHELRS
Vo UL, WEoHRKE, AFPXELYYBOY e ¥y OFHERTHRELAX 5, WA
BOBHETHOMIMCESS BENDRLILLEEXORLERL DB, APRCALRS
£ ADWBERIZOWTIL, BELEGEOWTHROBRIIAZBDTHLNEOWITHESTES
BRI, FEBERUHBRARR AL AIBEOERI—BRASEOHRBEEFHCLLL
BEREZELAEAL TR T LEERTAENTELIRETTHS,

AR THELHE LI t RE/BE T, £2TofIEofligdbRic 1 2L EoFEERE
BHEROLRAJIBEORESELRL TV 5D, PMEE)IOERLMOMEOBERE DA EHE TH
CERDOKEVZENER IR, BIWED~~F /7 € 2O IEESY B VTR LRHER 25
3, TR DEARZ ISP, bh, WHLEE L Thl: ZOFRRIBE KT HHIIOME &
BEERIELTWAZ ENTDHRD, FLT, O ERABEOHBHAERNLMEL LTI
BEERNYRBELAZRCHLITHESEYHAZRS, 8RO T7 1 Y ¥ 1 AL 5HRICT)IE
ROBEHR LY IERT ABERH D, ZOoRRIC L 2ERLEHETCERNTHA 505, &4
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