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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)




I - R - BRI

R CRBIEE 2 HE L% T VAV ERERE 21T
VY, ZOWEERD Fig. 212877 2 R~—7 Mok
EHEEHEL, 21 MOMERET —¥ 25, F£iz,
M O Rl & EfE, A5kE RGOSR, RIAE
MOFE—~F =M=~ 0 B - PR, THEEHE
WIR Tz, FHEOPET — % 2157,

FrEIFE, FHORE T — & AR T L

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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G, RPN & WA JINZE 3 HEF o T E RS
THEENABNE (p < 001) (Table 7), gk
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AT 15 ~ 16 A& B O E A 23 =5 ME ) s
-7 (Fig 5),
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(p <001) (Table 6), FEAEIVEEAMER] Cxf i L7z
L2 A, HEHAECCIRASBIINT & LA ~ )1
OEFNNORM, F LRI E L)oo, JEhEHkS
FoiaBAINTk LR, BRI oM, 5 gk
THERRE)INCx LARR, YR)ITo/”, Rig Tk
JINZHRE LR, &8, Yoona, WERDIOM, mal

AR, Mo, RIS LA RN, YR
D], A E LR O OZFNEIITH B EZN
Hotz (p < 001) (Table 7), Malig#kseth Ty
JUD S NN DT kG 15 A O {8 (A BE FE A3 Wit L <
W< &) R HE OB S A S e, BEEEIRSG ST
R, R TR & HeoS 11 AR O R ABEE A3 15
Mo fo, IR L LI GE CIL BT AR RER] ©
BRI N K E S B DR H -7 (Fig 5),

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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