= CODEN : HSSKAJ
1 ok ..ﬁc LT ISSN : 2185-3290
Sci. Rep.

Hokkaido Fish. Res. Inst.

UEEKEANRBMARS

£ 94 5

SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES RESEARCH INSTITUTES
No.94

tBEILIRAEMABBKEMAX IR
B 8 & ™m H
2018%9A

Hokkaido Research Organization
Fisheries Research Department

Yoichi, Hokkaido, Japan

September, 2018



BB R A MARIBKEMERBOKEARBRIZIIROEEZE > TEBRINATEY, LiEEKERRS
MAERERL, ChSOBBICETIMAFRBEEZERLELDTT.

In addition, the Fisheries Research Department of the Hokkaido Research Organization will now comprise the
following seven local Fisheries Research Institutes. The study achievements of these institutes will be published in
the “Scientific reports of Hokkaido Fisheries Research Institutes”.

G IBILITEBUEA
tBEiL RS MRS
IKEFRFA AR

(Local Independent Administrative Agency

Hokkaido Research Organization

Fisheries Research Department)

FRRIKERER S

(Central Fisheries Research Institute)

K EEKE R R
(Hakodate Fisheries Research Institute)

IR 7K EE S BR 15

(Kushiro Fisheries Research Institute)

MEKE R ER

(Abashiri Fisheries Research Institute)

MK EBER S

(Wakkanai Fisheries Research Institute)

IR KE RS

(Mariculture Fisheries Research Institute)

ST ET -AKEKERRS
(Salmon and Freshwater Fisheries
Research Institute)

046-8555

AR THETEFET238
(Hamanaka—cho, Yoichi, Hokkaido 046—8555, Japan)

040-0051

EART A K AT20-5

HETERKE - BEREMEL 2 -
(Benten—cho, Hakodate, Hokkaido 040-0051, Japan)

085-0024
#I P& T BT 4-25
(Nakahama-cho,Kushiro,Hokkaido 085-0027, Japan)

099-3119
HEEmaEEL-1-1
(Masuura, Abashiri, Hokkaido 099-3119, Japan)

097-0001

MEATIR4-5-15
(Suehiro, Wakkanai, Hokkaido 097-0001, Japan)

051-0013
EREth/RET1-156-3
(Funami-cho, Muroran, Hokkaido 051-0013, Japan)

061-1433
BREMALEAET3-373

(Kitakashiwagi—cho, Eniwa, Hokkaido 061-1433, Japan)



EEKERBRGMARS

59475
H &

h*#¥ ﬁh # ﬁm*m ﬁ#ﬁj WOg A, Bz, HEKXS, S8R,
it(ﬂfﬁﬂi_(ﬁ‘r(ﬁﬂz j’ob\ffﬁﬂﬂ?% =< ¥ (Clupea pallasii) OmtDNATFH %
ﬂﬂ\/\f %.)}%LO)E{ ........................................................................................................ 1

-Fm*ugy lFﬂEIn! §§*Ez
B4 FAA D BRI X A HEA O R D FE I L 0D 18Uy e 41

VEAEE, RERET, PERR, BAHARR, X E
jt(@iﬁjt%ﬂ(ﬁiﬁkf?%% SNt AHF j@@\iﬁ@)&% (%Ei&) ................................................... 47

RHEXHE, {EREFE
ﬁﬁfﬁgﬂﬁ”%"j‘ﬁ’ LZELT%%QTE’%’%l@i@J:H#,EHK X Z)i%‘/‘ (%Ei&) .......................................... 53

(20184-9H)



SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES RESEARCH INSTITUTES
No.94
CONTENTS

Yonel SHIMIZU, HirosHi TAKAHASHI, Stiro TAKAYANAGI, TakasH HORII,
MoToHiTo YAMAGUCHI, NoBuyuki TANAKA, Daki TAZONO, Axio TAKIYA,
Takuma KAWASAKI, SHin-icH TAKABATAKE, TakasHl FUJIOKA and
Hirova MIYAKE

Population structure of the Pacific herring, Clupea pallasii, around Hokkaido Island inferred on the basis of

mltOChOl‘ldrlal DNA sequences ............................................................................................. 1
Kazutaka SHIMODA, TomoHarRu WATANABE and Daiseit ANDO
Variation in body silvering of chum salmon juveniles in seasonally spawning stocks ««=«-=«rrrrrrrrreereeeeeee: 41

Takanorl HORIMOTO, Yoko GOTO, YosHiaki KAI, Yutaro SUZUKI and
TabasH MISAKA

Growth of three species of Ammodytes (Perciformes: Ammodytidae) caught off the northern part of Hokkaido,
Japan (ShOI’t paper) ......................................................................................................... 47

Daiser ANDO and SHunpel SATO

Variation in the vertebral number of naturally spawning chum salmon among migrating seasons
(Short paper) .................................................................................................................. 53

(September, 2018)



JekE i 94, 1-40 (2018)
Sci. Rep. Hokkaido Fish. Res. Inst.

mERMAEBRICEWVTEINT 5= (Clupea pallasii) @
mtDNATE#RZ AL =SB EDRET

5%7k5$3|2*1’ i “;3'52’ Sl 3’ iﬁ#ﬁa“’ IJJD$$A1, EE¢"T$$5, Ej(*§5, ;%§§EHEH6, “|[|1§I§E7,
BEfE—, B 2, SHEE°

tEEI I AR R ROKER R, B MERREEANKERR - HBERIBKERFR,
STALEEIL L ST LSRR K EHERS, “AUBEL I S ARSI R K EE R BRI,
ILBEIL S M EHABHAKER R, AL BELR SRS KR R A,

ALEEM R S AR RIS K E R RS, UBEIIE ST RS R AR K E R RS

Population structure of the Pacific herring, Clupea pallasii, around Hokkaido Island inferred on the basis of

mitochondrial DNA sequences
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We investigated the genetic population structure of the Pacific herring (Clupea pallasii) around Hokkaido by sequencing a
410 base pair segment of the 5’ end of the mitochondrial DNA control region in 3,810 specimens collected from 41 sampling
sites between 1998 and 2015. A total of 463 haplotypes, described by 137 variable nucleotide sites, were identified. Seven
populations were identified by differentiation of the sampling sites and spawning seasons and genetic data such as haplotype
diversity and pairwise F, values. In the Sea of Japan, Hokkaido, two populations appeared to spawn in the same region in
different seasons. On the shore of the Ishikari Subprefectural Bureau, a population showed relatively low haplotype diversity
between 0.8614 and 0.9310 visits from January to February, and another population showed relatively high haplotype
diversity between 0.9189 and 0.9667 visits from May to June. The former and latter populations were supposed to be the
Ishikari and Hokkaido-Sakhalin populations, respectively. The Tomakomai population, individuals of which were collected
from the sea of the Iburi General Subprefectural Bureau, was characterized as having Pacific Ocean-specific haplotypes.
Furthermore, distribution of the Hiyama-Tsugaru Strait, Okhotsk Lagoon, East Hokkaido Lagoon, and Lake Yudonuma

populations around Hokkaido was assumed.
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2018) . EHOEHLBE K A D 5 F T, DAL
HAr L 2 2480 GRIE) fiETWL T2 2 LIdER
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AB L OEFRBREE, aFRENE SFRITAR
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L < [DNAHIH 3~ + (Wizard Genomic DNA Purification
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7F 4 ~— |21 Forward primer : 5~-TAA CTC CCA AAG
CTA GKA TTC TAA-3" & Reverse primer : 5-CCT GAA
RTA GGA ACC AAA TG-3'% H v 725 PCRIZ S 12 &
Takara Ex Tag (Takara Bio Inc., Shiga, Japan) %M L7z,
PUSHEOMBIE, =3 YDNA (3 X #100ug/uLlZ %)
1.0pL {210 X Ex Tag buffer 1pL, 2.5mM dNTP mixture
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330V 2 AT A v 7 T F T A= L) B & e
U720 BT S5 4 A~ FIEIMEGA7 ("Molecular
Evolutionary Genetics Analysis” Internet Web. Download
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Fig.1

Fig.2 Sampling locations around Hokkaido Island for the Pacific herring A: Funadomari, B: Wakkanai, C: Kitami-Esashi,
D: Mombetsu, E: Lake Saroma, F: Tokoro, G: Lake Notoro, H: Lake Mokoto, I: Lake Tofutsu, J: Lake Furen, K: Akkeshi,
L: Kushiro, M: Toyokoro, N: Lake Yudonuma, O: Taiki, P: Erimo Cape, Q: Tomakomai, R: Shiraoi, S: Yakumo, T:
Sawara, U: Kinaoshi, V: Kamiiso, W: Shiriuchi, X: Fukushima, Y: Teshio, Z: Onishika, a: Usuya, b: Mashike, c: Atsuta,
d: Otaru, e: Tomari (Japan), f: Kyowa, g: Iwanai, h: Suttsu, i: Kaminokuni, j: Hiyama-Esashi. Dotted lines indicate the
borders of the Subprefectural Bureau. (Soya General Subprefectural Bureau, (2)Okhotsk General Subprefectural Bureau,
(3)Nemuro Subprefectural Bureau, (©Kushiro General Subprefectural Bureau, (5)Tokachi General Subprefectural Bureau,
(6)Hidaka Subprefectural Bureau, (DIburi General Subprefectural Bureau, (8)Oshima General Subprefectural Bureau, (9
Rumoi Subprefectural Bureau, (0Ishikari Subprefectural Bureau, ADShiribeshi General Subprefectural Bureau, (2Hiyama
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Table 1 Collection of Pacific herring (Clupea pallasii) samples for the study
Sample No. Sample code Collection site Collection date Season n

1 TomR-98 Tomari, Russia 14 May 1998 Spawning 30

2 TomR-04 Tomari, Russia 16 May 2004 Spawning 49

3 VzmR-04 Vzmorye, Russia 18 May 2004 Spawning 48

4 OwkR-10 Offshore west Kamchatka Peninsula, Russia 10 December 2010 Migration 50

5 Funa-02 Funadomari 24 January 2002 Migration 120

6 Wakk-12 Wakkanai 9 April 2012 Spawning 27

7 Wakk-13 Wakkanai 9 May 2013 Spawning 38

8 Wakk-14 Wakkanai 14 April 2014 Spawning 34

9 Owak-09 Offshore Wakkanai 20 March 2009 Migration 43
10 Kesa-03 Kitami-Esashi 21 April 2003 Spawning 30
11 Kesa-12 Kitami-Esashi 25 April 2012 Spawning 136
12 Momb-12 Mombetsu 16 April 2012 Spawning 147
13 Lsar-11 Lake Saroma 23 April 2011 Spawning 49
14 Otkr-13 Offshore Tokoro 20 June 2013 Spawning 46
15 Lnot-11 Lake Notoro 28 April 2011 Spawning 49
16 Lmok-12 Lake Mokoto 10 May 2012 Spawning 90
17 Ltof-11 Lake Tofutsu 12 May 2011 Spawning 50
18 Lfur-02 Lake Furen 9 April 2002 Spawning 30
19 Lfur-13E Lake Furen 10 April 2013 Spawning 56
20 Lfur-13L Lake Furen 18 May 2013 Spawning 46
21 Akke-02 Akkeshi 10 April 2002 Spawning 30
22 Akke-13 Akkeshi 17-22 April 2013 Spawning 80
23 Akke-14E Akkeshi 16 April 2014 Spawning 33
24 Akke-14L Akkeshi 15 May 2014 Spawning 43
25 Okus-13 Offshore Kushiro 23 April 2013 Migration 32
26 Otyk-14 Offshore Toyokoro 12 September 2014 Migration 43
27 Lyud-12E Lake Yudonuma 10 April 2012 Spawning 58
28 Lyud-12L Lake Yudonuma 20 April 2012 Spawning 59
29 Otik-12 Offshore Taiki 1 May 2012 Migration 50
30 Otik-13 Offshore Taiki 6 September 2013 Migration 28
31 Oeri-11 Offshore Erimo Cape 18 November 2011 Migration 55
32 Toma-02 Tomakomai 22 March 2002 Spawning 30
33 Toma-12 Tomakomai 13 March 2012 Spawning 61
34 Sira-12 Shiraoi 9 March 2012 Spawning 48
35 Yaku-14 Yakumo 15 May 2014 Spawning 30
36 Sawa-14 Sawara 18 January 2014 Migration 31
37 Kina-14 Kinaoshi 14-19 May 2014 Spawning 40
38 Kmis-12 Kamiiso 26 January 2012 Spawning 16
39 Kmis-14E Kamiiso 24 January 2014 Spawning 30
40 Kmis-14L Kamiiso 7 May 2017 Migration 30
41 Kmis-15 Kamiiso 20 June 2015 Parr 38
42 Siri-12 Shiriuchi Unknown February 2012 Spawning 20
43 Fuku-12 Fukushima 1 February 2012 Spawning 12
44 Tesi-08 Teshio 10 June 2008 Spawning 38
45 Onis-12 Onishika 10 May 2012 Spawning 84
46 Usuy-12 Usuya 10 May 2012 Spawning 37
47 Masi-13 Mashike 28 February 2013 Spawning 41
48 Atsu-02 Atsuta 22 February 2002 Spawning 30
49 Atsu-03 Atsuta 21 May 2003 Parr 42
50 Atsu-04 Atsuta 22 February 2004 Spawning 49
51 Atsu-O8E Atsuta 7 February 2008 Spawning 50
52 Atsu-08M Atsuta 18 February 2008 Spawning 48
53 Atsu-08L Atsuta 29 May 2008 Spawning 40
54 Atsu-09E Atsuta 27 January 2009 Spawning 32
55 Atsu-09L Atsuta 15 May 2009 Spawning 40
56 Atsu-10E Atsuta 28 January 2010 Spawning 36
57 Atsu-10M Atsuta 7 May 2010 Spawning 38
58 Atsu-10L Atsuta 11 May 2010 Spawning 36
59 Atsu-11 Atsuta 25 January 2011 Spawning 35
60 Atsu-12E Atsuta 22 February 2012 Spawning 37
61 Atsu-12L Atsuta 1 June 2012 Spawning 16
62 Atsu-13 Atsuta 7 February 2013 Spawning 38
63 Atsu-15 Atsuta 30 January 2015 Spawning 30
64 Otar-14 Otaru 26 February 2014 Spawning 30
65 TomJ-08 Tomari, Japan 26 March 2008 Spawning 40
66 Kyow-11 Kyowa 3 June 2011 Juvenile 36
67 Iwan-08 Iwanai 21 February 2008 Spawning 37
68 Iwan-09 Iwanai 13 March 2009 Spawning 41
69 Iwan-14 Iwanai 5 March 2014 Spawning 42
70 Iwan-15 Iwanai 5 February 2015 Spawning 39
71 Sutt-10 Suttsu 16 April 2010 Spawning 47
72 Sutt-13 Suttsu 7 February 2013 Spawning 34
73 Kmkn-10 Kaminokuni 4 and 29 March 2010 Spawning 15
74 Kmkn-13E Kaminokuni 14 February 2013 Spawning 30
75 Kmkn-13L Kaminokuni 24 May 2013 Spawning 28
76 Hesa-09 Hiyama-Esashi 30 March 2009 Spawning 29
77 Hesa-10 Hiyama-Esashi 25 March 2010 Spawning 24
78 Hesa-11 Hiyama-Esashi 30 March 2011 Spawning 50
79 Hesa-12E Hiyama-Esashi 1-12 March 2012 Spawning 31
80 Hesa-12L Hiyama-Esashi 24 March - 3 April 2012 Spawning 29
81 Hesa-14 Hiyama-Esashi 16 February 2014 Spawning 26
82 Hesa-15E Hiyama-Esashi 22 February 2015 Spawning 34
83 Hesa-15L Hiyama-Esashi 8 March 2015 Spawning 28
84 Miya-02 Miyako Bay 30 January 2002 Spawning 30
85 Osim-10 Offshore Shimane Prefecture 9 May - 6 June 2010 Migration 39
86 Osim-13 Offshore Shimane Prefecture 14 May - 12 June 2013  Migration 58
87 Osim-14A Offshore Shimane Prefecture 12 May 2014 Migration 41
88 Osim-14B Offshore Shimane Prefecture 12 May 2014 Migration 36
89 Osim-14C Offshore Shimane Prefecture 26 May 2014 Migration 40

90 Osim-14D Offshore Shimane Prefecture 26 May 2014 Migration 30
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Download from: (http://cmpg.unibe.ch/software/arlequin35/
Arl35Downloads html (2015)) (2018.1.18)) % F v C &
L7zo BB ABHCOWTIE, RT 7 A AFfli % 312
Phylip/X v 7 — 2 ("PHYLIP (phylogeny inference pack-
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Fig.3 Haplotype frequencies of the Pacific Ocean-specific
haplotype
A: Otik-12, B: Oeri-11, C: Toma-02, D: Toma-12, E:
Sira-12, F: Sawa-14

NZ1001223 L 180969875 5 7= (Table 2, Appendix 3)
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(Table 2, Appendix 4)
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Table 2 Sequence diversty of the mitochondrial (mt)-DNA control region in 90 samples

Sample No. Sample code

n No. of Haplotype observed

Nucleotide diversity

Haplotype diversity

1 TomR-98
2 TomR-04
3 VzmR-04
4 OwkR-10
5 Funa-02
6 Wakk-12
7 Wakk-13
8 Wakk-14
9 Owak-09
10 Kesa-03
11 Kesa-12
12 Momb-12
13 Lsar-11
14 Otkr-13
15 Lnot-11
16 Lmok-12
17 Ltof-11
18 Lfur-02
19 Lfur-13E
20 Lfur-13L
21 Akke-02
22 Akke-13
23 Akke-14E
24 Akke-14L
25 Okus-13
26 Otyk-14
27 Lyud-12E
28 Lyud-12L
29 Otik-12
30 Otik-13
31 Oeri-11
32 Toma-02
33 Toma-12
34 Sira-12
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Fig.4 Changes in the haplotype diversity of the population
samples caught at the Sea of Japan, Hokkaido, and the
sea around Sakhalin Island during the spawning
season
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Fig.6 Average values of haplotype diversity in each
population
1: Hokkaido-Sakhalin, 2: Okhotsk Lagoon, 3: East
Hokkaido Lagoon, 4: Lake yudonuma, 5: Tomakomai,
6: Ishikari Bay,
indicates the maximum and minimum values observed

7: Hiyama-Tsugaru Strait. Bar

in this study. The same letters on the bar indicates no
significant difference (p > 0.05).
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BRI, RN, WA, ERE, R, WAV, ISR mRE—-, B
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a
HKD CP-199 | HKD CP-319
[ HKD CP-208 L HKD CP-406
HKD CP-264 "~ HKD CP-075
| HKD CP-155 ~ HKD CP-456
| HKD CP-474 HKD CP-376
| HKD CP-420 HKD CP-346
| HKD CP-114 ' HKD CP-419
HKD CP-407 " HKD CP-201
HKD CP-129 — HKD CP-473
| HKD CP-213 | HKD CP-469
\ HKD CP-073 HKD CP-467
HKD CP-161 HKD CP-001
HKD CP-098 HKD CP-210
HKD CP-140 HKD CP-226
] HKD CP-172 HKD CP-347
HKD CP-377 HKD CP-152
HKD CP-102 HKD CP-229
- HKD CP-113 HKD CP-398
HKD CP-184 HKD CP-304
HKD CP-162 58~ HKD CP-029
HKD CP-425 ——- HKD CP-147
HKD CP-071 77— HKD CP-402
[ HKD CP-257 HKD CP-396
HKD CP-261 HKD CP-183
HKD CP-069 HKD CP-306
HKD CP-023 HKD CP-021
HKD CP-371 HKD CP-107
- HKD CP-022 HKD CP-272
HKD CP-144 " HKD CP-110
HKD CP-004 HKD CP-139
- HKD CP-077 HKD CP-037
| HKD CP-078 HKD CP-466
HKD CP-251 HKD CP-135
] [HKD CP-187 HKD CP-204
HKD CP-188 HKD CP-454
HKD CP-401 HKD CP-327
HKD CP-119 HKD CP-080
HKD CP-465 HKD CP-369
HKD CP-470 HKD CP-064
HKD CP-137 HKD CP-168
HKD CP-133 HKD CP-423
HKD CP-297 HKD CP-329
HKD CP-458 HKD CP-416
HKD CP-126 — HKD CP-448
HKD CP-138 'HKD CP-413
| HKD CP-370 | HKD CP-432
HKD CP-323 HKD CP-067
| HKD CP-165 HKD CP-424
| HKD CP-130 — HKD CP-041
| HKD CP-338 ~ HKDCP-227
| HKD CP-468 |~ HKD CP-299
HKD CP-010 'HKD CP-344
HKD CP-141 L HKDCP-105
HKD CP-062 HKD CP-193
~ HKD CP-128 HKD CP-150
HKD CP-007 | HKD CP-123
HKD CP-035 ' HKD CP-415
~ HKD CP-395 HKD CP-216
HKD CP-334 HKD CP-405
HKD CP-028 HKD CP-443
HKD CP-373 HKD CP-276
n | HKD CP-132 HKD CP-042
HKD CP-330 HKD CP-214
HKD CP-206 "~ HKD CP-026
HKD CP-190 | HKD CP-218
HKD CP-050 " HKD CP-441
- KD CP-131 ~ | HKD CP-328
HKD CP-254 HKD CP-046
'HKD CP-127 "~ HKD CP-176
HKD CP-374
a b

Appendix 2 Molecular phylogenetic analysis of 459 haplotypes of the Pacific herring based on 137 variable sites using the
maximum likelihood method . .
The numbers above the internal branches give bootstrap probabilities higher than 50%. Lower endpoints continue
with the next upper endpoints maked with the same alphabetical letter.
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HKD CP-058 cd
HKD CP-100 HKD CP-121
HKD CP-097 53  HKD CP-241
HKD CP-151 HKD CP-068
HKD CP-451 HKD CP-079
HKD CP-459 HKD CP-345
HKD CP-142 HKD CP-045
HKD CP-307 HKD CP-065
HKD CP-032 | HKD CP-096
HKD CP-318 " HKD CP-118
HKD CP-095 HKD CP-020
HKD CP-225 I HKD CP-303
HKD CP-209 HKD CP-074
] HKD CP-342 HKD CP-178
HKD CP-221 . HKD CP-333
l HKD CP-099 HKD CP-260
HKD CP-411 HKD CP-125
T HKD CP-403 ~ HKD CP-011
| HKD CP-202 HKD CP-059
HKD CP-457 —  HKD CP-271
— HKD CP-426 HKD CP-300
| [ HKD CP-163 | HKD CP-048
HKD CP-355 HKD CP-336
HKD CP-408 HKD CP-409
| HKD CP-024 HKD CP-158
HKD CP-186 HKD CP-266
| HKD CP-039 HKD CP-016
51— HKD CcP-428 [ HKD CP-231
HKD CP-325 HKD CP-012
HKD CP-031 | HKD CP-368
HKD CP-236 | HKD CP-146
|| HKD CP-320 — HKD CP-240
HKD CP-414 HKD CP-412
HKD CP-025 HKD CP-120
HKD CP-390 | HKD CP-207
I HKD CP-149 | HKD CP-143
HKD CP-177 HKD CP-211
| HKD CP-185 HKD CP-205
| HKD CP-275 HKD CP-166
HKD CP-439 HKD CP-435
HKD CP-014 HKD CP-013
I HKD CP-310 HKD CP-429
| HKD CP-088 HKD CP-295
- HKD CP-175 HKD CP-111
HKD CP-268 ' HKD CP-256
HKD CP-434 HKD CP-274
HKD CP-008 HKD CP-040
" HKD CP-471 HKD CP-156
I HKD CP-311 | HKD CP-038
— HKD CP-203 _ HKD CP-191
" HKD CP-444 58 HKD CP-224
HKD CP-212 HKD CP-322
HKD CP-315 " HKD CP-294
HKD CP-365 HKD CP-343
I HKD CP-145 58 HKD CP-104
HKD CP-189 HKD CP-238
~ HKD CP-263 HKD CP-197
59 HKD CP-367 ‘Ij HKD CP-136
HKD CP-450 HKD CP-269
HKD CP-159 e
HKD CP-339
HKD CP-076
HKD CP-122
— HKD CP-417
— HKD CP-316
| HKD CP-063
HKD CP-397

cd

Appendix 2 Molecular phylogenetic analysis of 459 haplotypes of the Pacific herring based on 137 variable sites using the

maximum likelihood method (continued)

The numbers above the internal branches give bootstrap probabilities higher than 50%. Lower endpoints continue

with the next upper endpoints maked with the same alphabetical letter.
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|HKD CP-002 'HKD CP-003
HKD CP-247 HKD CP 003
HKD CP-252 HKD CP-253
HKD CP-302 HKD CP-332
— HKD CP-055 __HKD CP-324
[ HKD CP-437 52 HKD CP-372
HKD CP-422 HKD CPL057
" HKD CP-326 ~~ HKD CP-455
HKD CP-194 HKD CP-314
HKD CP-180 HKD CP-230
" HKD CP-312 KD CP 232
HKD CP-277 HKD CP-452
[ HKD CP-337 HKD CP-169
HKD CP-153 D oS
| HKD CP-380 HKD CP-072
HKD CP-363 KD P
HKD CP-445 KD CP 053
—|HKD CP-262 HKD CP-382
" HKD CP-217 HKD CP-335
HKD CP-378 ~ HKD CP-019
HKD CP-061 D G107
" HKD CP-223 ~— HKD CP-366
. HKD CP-173 " HKD CP-449
HKD CP-196 "~ HKD CP-103
" HKD CP-400 I A
~ HKD CP-200
HKD CP-054
HKD CP-296 D
~ HKD CP-358
HKD CP-438
HKD CP-453 — HKD CP-036
HKD CP-009 HKD CP-154
'HKD CP-056 [ :
H HKD CP-341
HKD CP-404 HKD CP-340
'HKD CP-034
—(Ht || HKD CP-182
HKD CP-308
| | HKD CP-017
HKD CP-298 HKD CP-410
HKD CP-379 - HKD CP-446
HKD CP-421 \
'HKD CP-070
HKD CP-051 " HKD CP-381
HKD CP-066 HKD CP o8
HKD CP-164
HKD CP-463 h
'HKD CP-160
HKD CP-447
HKD CP-060
HKD CP-049
" HKD CP-313
HKD CP-219
HKD CP-305
HKD CP-418
HKD CP-375
HKD CP-033
HKD CP-157
HKD CP-436

Appendix 2 Molecular phylogenetic analysis of 459 haplotypes of the Pacific herring based on 137 variable sites using the
maximum likelihood method (continued)
The numbers above the internal branches give bootstrap probabilities higher than 50%. Lower endpoints continue
with the next upper endpoints maked with the same alphabetical letter.



[ HKD CP-044
HKD CP-148
~_HKDCP-179
HKD CP-321
'HKD CP-108
| |HKD CP-112
HKD CP-259
| HKDCP-215
HKD CP-267
" HKD CP-005
HKD CP-015
| HKD CP-027
HKD CP-270
~— HKD CP-222
HKD CP-030
 HKD CP-361
HKD CP-364
HKD CP-192
. HKD CP-198
| HKD CP-427
| HKD CP-399
| HKD CP-309
HKD CP-117
| HKD CP-170
HKD CP-331
HKD CP-115
HKD CP-442
HKD CP-181
( 52 HKD CP-464
HKD CP-472
‘ HKD CP-431
HKD CP-430
HKD CP-220
HKD CP-043
HKD CP-195
~ HKD CP-258
- HKD CP-124
'HKD CP-106
HKD CP-357
HKD CP-440
HKD CP-228
HKD CP-317

maximum likelihood method (continued)

The numbers above the internal branches give bootstrap probabilities higher than 50%. Lower endpoints continue
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" HKD CP-094
HKD CP-006
— HKD CP-433
HKD CP-301
|HKD CP-109
HKD o ch-08s
\ -
co 8 HKDCP-293
HKD CP-289
HKD CP-087
HKD CP-233
HKD CP-246
61 HKD CP-243
64— HKD CP-348
~ 56 HKD CP-244
HKD CP-461
HKD CP-283
— HKD CP-362
— HKD CP-285
__ HKD CP-282
73 HKD CP-351
L — HKD CP-280
HKD CP-281
HKD CP-248
HKD CP-092
L  HKD CP-239
R s
4[ -
" HKDCP-242
— HKD CP-083
HKD CP-356
HKD CP-352
HKD CP-090
91 HKD CP-290
— HKD CP-292
HKD CP-250
- HKD CP-082
72 HKD CP-234
HKD CP-462
HKD CP-284
- HKD CP-286
79 HKD CP-089
\ HKD CP-354
| HKD CP-091
HKD CP-278
HKD CP-287
HKD CP-291
HKD CP-349
" HKD CP-360
9/ HKD CP-353
HKD CP-460
~ HKD CP-359
HKD CP-237
| HKD CP-084
HKD CP-288
HKD CP-350
56— HKD CP-086
— HKD CP-093
HKD CP-249

0.0100

with the next upper endpoints maked with the same alphabetical letter.

Pacific Ocean-specific haplotypes
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Appendix 2 Molecular phylogenetic analysis of 459 haplotypes of the Pacific herring based on 137 variable sites using the
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Appendix 3 Number of individuals of each haplotype in the sampling areas

of Sakhalin Island and offshore west of Kamchatka Peninsula

Sample code
Sample No.

TomR-98
30

TomR-04
49

VsmR-04
48

OwkR-10
50

Haplotype

HKD_CP_001
HKD_CP_002
HKD_CP_003
HKD_CP_004
HKD_CP_005
HKD_CP_006
HKD_CP_007
HKD_CP_008
HKD_CP_009
HKD_CP_010
HKD_CP_011
HKD_CP_012
HKD_CP_013
HKD_CP_014
HKD_CP_015
HKD_CP_016
HKD_CP_017
HKD_CP_018
HKD_CP_019
HKD_CP_020
HKD_CP_021
HKD_CP_022
HKD_CP_023
HKD_CP_024
HKD_CP_025
HKD_CP_026
HKD_CP_027
HKD_CP_030
HKD_CP_031
HKD_CP_032
HKD_CP_037
HKD_CP_039
HKD_CP_040
HKD_CP_042
HKD_CP_043
HKD_CP_046
HKD_CP_063
HKD_CP_067
HKD_CP_070
HKD_CP_108
HKD_CP_117
HKD_CP_118
HKD_CP_119
HKD_CP_120
HKD_CP_121
HKD_CP_122
HKD_CP_123
HKD_CP_124
HKD_CP_125
HKD_CP_126
HKD_CP_127
HKD_CP_128
HKD_CP_129
HKD_CP_130
HKD_CP_131
HKD_CP_132
HKD_CP_133
HKD_CP_135
HKD_CP_136
HKD_CP_137
HKD_CP_138
HKD_CP_139
HKD_CP_140
HKD_CP_141
HKD_CP_142
HKD_CP_143
HKD_CP_144
HKD_CP_145
HKD_CP_181
HKD_CP_182
HKD_CP_337
HKD_CP_365
HKD_CP_366
HKD_CP_367
HKD_CP_368
HKD_CP_369
HKD_CP_370
HKD_CP_371
HKD_CP_372
HKD_CP_373
HKD_CP_374
HKD_CP_375
HKD_CP_376
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Appendix 4 Number of individuals of each haplotype in the sampling
areas of Souya General Subprefectural Bureau

Sample code Funa-02 Wakk-12  Wakk-13 Wakk-14  Owak-09 Kesa-03 Kesa-12
Sample No. 1 27 3 4. 3 136

Haplotype
HKD_CP_001 11 4 4
HKD_CP_002 4 2
HKD_CP_003
HKD_CP_007 1
HKD_CP_008
HKD_CP_010
HKD_CP_015
HKD_CP_016
HKD_CP_018
HKD_CP_020
HKD_CP_022
HKD_CP_025
HKD_CP_026
HKD_CP_027
HKD_CP_028
HKD_CP_029
HKD_CP_030
HKD_CP_031
HKD_CP_032
HKD_CP_033
HKD_CP_034
HKD_CP_035
HKD_CP_036
HKD_CP_037
HKD_CP_038
HKD_CP_039
HKD_CP_040
HKD_CP_041
HKD_CP_042
HKD_CP_043
HKD_CP_044
HKD_CP_045
HKD_CP_046
HKD_CP_047
HKD_CP_048
HKD_CP_049
HKD_CP_050
HKD_CP_051
HKD_CP_052
HKD_CP_053
HKD_CP_054
HKD_CP_055
HKD_CP_056
HKD_CP_057
HKD_CP_058
HKD_CP_059
HKD_CP_060
HKD_CP_061
HKD_CP_062
HKD_CP_063
HKD_CP_064
HKD_CP_065
HKD_CP_066
HKD_CP_067
HKD_CP_068
HKD_CP_070 2
HKD_CP_071

HKD_CP_074

HKD_CP_077

HKD_CP_078 1

HKD_CP_081 1
HKD_CP_103

HKD_CP_104 1
HKD_CP_105

HKD_CP_106

HKD_CP_107

HKD_CP_108 1
HKD_CP_109

HKD_CP_110

HKD_CP_111

HKD_CP_112

HKD_CP_145 1

HKD_CP_150 1
HKD_CP_160
HKD_CP_182 1
HKD_CP_196

HKD_CP_197

HKD_CP_198

HKD_CP_199

HKD_CP_200

HKD_CP_201

HKD_CP_202

HKD_CP_203

HKD_CP_204

HKD_CP_205

HKD_CP_206

HKD_CP_207

HKD_CP_208

HKD_CP_209

HKD_CP_210

HKD_CP_217

HKD_CP_251

HKD_CP_252

HKD_CP_259

HKD_CP_260

HKD_CP_261

HKD_CP_262

HKD_CP_263

HKD_CP_264

HKD_CP_265

HKD_CP_266

HKD_CP_267

HKD_CP_268

HKD_CP_269

HKD_CP_270

HKD_CP_271

HKD_CP_272

HKD_CP_273

HKD_CP_274

HKD_CP_275

HKD_CP_276

HKD_CP_277

HKD_CP_364 1
HKD_CP_418

HKD_CP_419

HKD_CP_420

HKD_CP_421

HKD_CP_422

HKD_CP_423

HKD_CP_424

HKD_CP_425

SIS
-
o

o=
.
o=
IS

WO DO —0wR

N w
—ow
N ww

S VX O N e e e

e

e e e e e e e e e e N e

N N




26 VHAREET, EAEEE mMIREE] JESRECEL DR, R, HEDRE, SERUINL NREKRE, meE— RS =ik

Appendix 5 Number of individuals of each haplotype in the sampling areas of
Okhotsk General Subprefectural Bureau

Sample code Momb-12 Lsar-11 Otkr-13 Lnot-11  Lmok-12 Ltof-11
Sample No. 147 49 46 49 90 50

Haplotype
HKD_CP_001 11 8 7 4 11
HKD_CP_002 6
HKD_CP_003 1
HKD_CP_004 1
HKD_CP_008 12 1
HKD_CP_010 9 5
HKD_CP_015 2
HKD_CP_016 24 1
HKD_CP_018 10 6
HKD_CP_020 4
HKD_CP_025 1
HKD_CP_028

HKD_CP_030 2
HKD_CP_031

HKD_CP_032

HKD_CP_035

HKD_CP_037

HKD_CP_039

HKD_CP_040

HKD_CP_042 3
HKD_CP_043 3 5 8 1
HKD_CP_046
HKD_CP_050
HKD_CP_052
HKD_CP_055
HKD_CP_057 1

HKD_CP_059 1
HKD_CP_062 1

HKD_CP_067 1 1 1
HKD_CP_069 1

HKD_CP_070 1 1
HKD_CP_077 1

HKD_CP_081 1

HKD_CP_098 1

HKD_CP_102 1

HKD_CP_104 1 2
HKD_CP_111 2

HKD_CP_140 1
HKD_CP_160 1 1

HKD_CP_193 1

HKD_CP_181 1
HKD_CP_183 1

HKD_CP_191

HKD_CP_200

HKD_CP_219 1
HKD_CP_231

HKD_CP_252

HKD_CP_253

HKD_CP_254

HKD_CP_255

HKD_CP_256

HKD_CP_264 1 1
HKD_CP_295 1
HKD_CP_302
HKD_CP_303
HKD_CP_304
HKD_CP_305
HKD_CP_312
HKD_CP_313
HKD_CP_314
HKD_CP_315
HKD_CP_316
HKD_CP_317
HKD_CP_318
HKD_CP_319
HKD_CP_320
HKD_CP_321
HKD_CP_322
HKD_CP_323
HKD_CP_324
HKD_CP_325
HKD_CP_326
HKD_CP_327
HKD_CP_328
HKD_CP_329
HKD_CP_330
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Appendix 6 Number of individuals of each haplotype in the sampling areas of
Nemuro Subprefectural Bureau

Sample code Lfur-02 Lfur-13E Lfur-13L
Sample No. 30 56 46

Haplotype

HKD_CP_001 3
HKD_CP_002

HKD_CP_008

HKD_CP_010 2
HKD_CP_015

HKD_CP_016 1
HKD_CP_018 1
HKD_CP_019

HKD_ CP_028

HKD_CP_030 2
HKD_CP_037 1
HKD_CP_040

HKD_CP_043 1
HKD_CP_045 1
HKD_CP_049
HKD_CP_050
HKD_CP_052
HKD_CP_055
HKD_CP_069
HKD_CP_074
HKD_CP_075
HKD_CP_076
HKD_CP_098 1
HKD_CP_147
HKD_CP_181
HKD CP_217
HKD_CP_301
HKD_CP_378
HKD_CP_381
HKD_CP_395
HKD_CP_396
HKD_CP_397
HKD_CP_398
HKD_CP_399
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KT,

HitE

FEORAIER, SRR, IIEERA,

Subprefectural Bureau

s, HEDR, BRI, IR, saE—

BRI &2,

Sample code
Sample No.

Akke-02 Akke-13 Akke-14E Akke-14L Okus-13

30

80

33

43

32

Haplotype

HKD_CP_001
HKD_CP_002
HKD_CP_003
HKD_CP_008
HKD_CP_009
HKD_CP_010
HKD_CP_015
HKD_CP_016
HKD_CP_018
HKD_CP_020
HKD_CP_030
HKD_CP_032
HKD_CP_033
HKD_CP_037
HKD_CP_040
HKD_CP_043
HKD_CP_052
HKD_CP_069
HKD_CP_070
HKD_CP_071
HKD_CP_072
HKD_CP_073
HKD_CP_074
HKD_CP_077
HKD_CP_104
HKD_CP_130
HKD_CP_164
HKD_CP_181
HKD_CP_299
HKD_CP_377
HKD_CP_378
HKD_CP_379
HKD_CP_380
HKD_CP_381
HKD_CP_382
HKD_CP_426
HKD_CP_427
HKD_CP_428
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Appendix 7 Number of individuals of each haplotype in the sampling areas of Kushiro General
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Appendix 8 Number of individuals of each haplotype in the sampling areas of Tokachi
General Subprefectural Bureau

Sample code Otyk-14 Lyud-12E Lyud-12L Otik-12 Otik-13
Sample No. 43 58 39 50 28

Haplotype

HKD_CP_001 2 10 ) 6 2
HKD_CP_002 1
HKD_CP_008

HKD_CP_010 1
HKD_CP_015

HKD_CP_016 4
HKD_CP_018

HKD_CP_020

HKD_CP_025

HKD_CP_030 12 1
HKD_CP_032

HKD_CP_037 3 1
HKD_CP_043 3
HKD_CP_052 2 1
HKD_CP_056 1
HKD_CP_063 1

HKD_CP_069 ) 1 1
HKD_CP_070
HKD_CP_071 1 1
HKD_CP_074
HKD_CP_077
HKD_CP_081
HKD_CP_088
HKD_CP_094
HKD_CP_140
HKD_CP_167 1
HKD_CP_175

HKD_CP_193 1 1
HKD_CP_238

HKD_CP_240 1 4
HKD_CP_246

HKD_CP_272 1 1
HKD_CP_291

HKD_CP_294 1
HKD_CP_299 1
HKD_CP_306
HKD_CP_307
HKD_CP_308
HKD_CP_309 1
HKD_CP_310
HKD_CP_311
HKD_CP_363 2
HKD_CP_382 1
HKD_CP_398 1

HKD_CP_400 1
HKD_CP_432 1

HKD_CP_433
HKD_CP_434 1
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Appendix 9 Number of individuals of each haplotype in the sampling
areas of Hidaka and Iburi General Subprefectural Bureau

Sample code Oeri-11 Toma-02 Toma-12 Sira-12
Sample No. 55 30 61 48

Haplotype
HKD_CP_001 4 1 1 3
HKD_CP_008 1

HKD_CP_010 5 1 1
HKD_CP_015

HKD_CP_016 3 1 2
HKD_CP_018 1 2 1
HKD_CP_025 1
HKD_CP_030 4 3 8 5
HKD_CP_037 1
HKD_CP_043 3 2 5 1
HKD_CP_052
HKD_CP_056
HKD_CP_069
HKD_CP_070
HKD_CP_071 1
HKD_CP_082
HKD_CP_083
HKD_CP_084
HKD_CP_085
HKD_CP_086
HKD_CP_087
HKD_CP_088
HKD_CP_089
HKD_CP_090 1
HKD_CP_091
HKD_CP_092
HKD_CP_093
HKD_CP_094 1
HKD_CP_137 1
HKD_CP_160 2 1
HKD_CP_164 1
HKD_CP_167 1

HKD_CP_175 1

HKD_CP_191

HKD_CP_193 2
HKD_CP_230 1
HKD_CP_233
HKD_CP_234
HKD_CP_235
HKD_CP_236
HKD_CP_237
HKD_CP_238
HKD_CP_239
HKD_CP_240
HKD_CP_241
HKD_CP_242
HKD_CP_243
HKD_CP_244
HKD_CP_245
HKD_CP_246
HKD_CP_247
HKD_CP_248
HKD_CP_249
HKD_CP_250
HKD_CP_278
HKD_CP_279
HKD_CP_280
HKD_CP_281
HKD_CP_282
HKD_CP_283
HKD_CP_284
HKD_CP_285
HKD_CP_286
HKD_CP_287
HKD_CP_288
HKD_CP_289
HKD_CP_290
HKD_CP_291
HKD_CP_292
HKD_CP_293
HKD_CP_294
HKD_CP_324
HKD_CP_348
HKD_CP_349
HKD_CP_350
HKD_CP_351
HKD_CP_352
HKD_CP_353
HKD_CP_354
HKD_CP_355
HKD_CP_356
HKD_CP_357
HKD_CP_358
HKD_CP_359
HKD_CP_360
HKD_CP_361
HKD_CP_362
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Appendix 10 Number of individuals of each haplotype in the sampling areas of Oshima General Subprefectural

Bureau

Sample code
Sample No.

Yaku-14 Sawa-14 Kina-14

30

31

40

Kmis-12 Kmis-14E Kmis-14L Kmis-15

16 30 30

38

Siri-12  Fuku-12

20

12

Haplotype

HKD_CP_001
HKD_CP_004
HKD_CP_008
HKD_CP_010
HKD_CP_015
HKD_CP_016
HKD_CP_018
HKD_CP_025
HKD_CP_030
HKD_CP_037
HKD_CP_043
HKD_CP_050
HKD_CP_052
HKD_CP_054
HKD_CP_062
HKD_CP_069
HKD_CP_070
HKD_CP_071
HKD_CP_077
HKD_CP_175
HKD_CP_187
HKD_CP_188
HKD_CP_191
HKD_CP_237
HKD_CP_240
HKD_CP_243
HKD_CP_278
HKD_CP_280
HKD_CP_290
HKD_CP_293
HKD_CP_324
HKD_CP_431
HKD_CP_460
HKD_CP_461
HKD_CP_462
HKD_CP_463
HKD_CP_472
HKD_CP_473
HKD_CP_474
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Appendix 11 Number of individuals of each haplotype in the sampling
areas of Rumoi Subprefecturral Bureau

Sample code  Tesi-08 Onis-12 Usuy-12 Masi-13
Sample No. 38 84 37 41

Haplotype

HKD_CP_001 2
HKD_CP_002 1
HKD_CP_003
HKD_CP_008
HKD_CP_009 1
HKD_CP_010 6 8
HKD_CP_012 1
HKD_CP_015
HKD_CP_016 2
HKD_CP_018
HKD_CP_020
HKD_CP_025 1
HKD_CP_030 7
HKD_CP_031
HKD_CP_032 1
HKD_CP_033
HKD_CP_037 1
HKD_CP_040
HKD_CP_043
HKD_CP_046
HKD_CP_048 2
HKD_CP_050 4
HKD_CP_063
HKD_CP_067 1 2
HKD_CP_070 1
HKD_CP_071 1 1
HKD_CP_104 1

HKD_CP_124 1 1
HKD_CP_140 1

HKD_CP_150 1
HKD_CP_165
HKD_CP_166
HKD_CP_167
HKD_CP_168
HKD_CP_169
HKD_CP_170
HKD_CP_172
HKD_CP_173
HKD_CP_175
HKD_CP_176
HKD_CP_177
HKD_CP_178
HKD_CP_179
HKD_CP_181 1
HKD_CP_194 1
HKD_CP_213 1
HKD_CP_219 2
HKD_CP_262 1
HKD_CP_272 1
HKD_CP_295

HKD_CP_296

HKD_CP_297

HKD_CP_298

HKD_CP_299

HKD_CP_300

HKD_CP_312 1
HKD_CP_331
HKD_CP_332
HKD_CP_333
HKD_CP_334
HKD_CP_335
HKD_CP_336
HKD_CP_337
HKD_CP_338
HKD_CP_339
HKD_CP_340
HKD_CP_341
HKD_CP_342
HKD_CP_343
HKD_CP_344
HKD_CP_345
HKD_CP_346
HKD_CP_347
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Appendix 12 Number of individuals of each haplotype in the sampling areas of Ishikari
Subprefectural Bureau (2002-2009)

Sample code Atsu-02 Atsu-03 Atsu-04 Atsu-O8E Atsu-O8M Atsu-O8L Atsu-O9E Atsu-09L
Sample No. 30 42 49 50 48 40 32 40

Haplotype

HKD_CP_001 2
HKD_CP_002
HKD_CP_008 1
HKD_CP_009
HKD_CP_010 7 12 9 6
HKD_CP_015 2
HKD_CP_016 2
HKD_CP_018 3
HKD_CP_019
HKD_CP_020 2 3 3 4

HKD_CP_030 4 3 13 11 9 6 5 8
HKD_CP_031 1

HKD_CP_032 1 2 1
HKD_CP_034 1
HKD_CP_037 2 1 1
HKD_CP_040 1

HKD_CP_043 3 2 5 7 5 2
HKD_CP_046 1
HKD_CP_048 1
HKD_CP_050 1 1 2 2 1
HKD_CP_051 1

HKD_CP_054 1

HKD_CP_055 1

HKD_CP_070 1 1 1 2
HKD_CP_071 3 1 2 1
HKD_CP_077 2 1 1
HKD_CP_078 1

HKD_CP_079 1

HKD_CP_080 1
HKD_CP_095
HKD_CP_096
HKD_CP_097
HKD_CP_098
HKD_CP_099
HKD_CP_100
HKD_CP_101
HKD_CP_102
HKD_CP_104 1
HKD_CP_106 1

HKD_CP_108 1
HKD_CP_113 1

HKD_CP_114 1

HKD_CP_115 1

HKD_CP_124 1

HKD_CP_139 1

HKD_CP_140 2

HKD_CP_146 1
HKD_CP_147

HKD_CP_148

HKD_CP_149

HKD_CP_150

HKD_CP_151

HKD_CP_152

HKD_CP_153

HKD_CP_154

HKD_CP_155

HKD_CP_156

HKD_CP_157

HKD_CP_158

HKD_CP_159

HKD_CP_160

HKD_CP_161

HKD_CP_180

HKD_CP_181

HKD_CP_182 1
HKD_CP_183
HKD_CP_184
HKD_CP_185
HKD_CP_186
HKD_CP_187
HKD_CP_188
HKD_CP_189
HKD_CP_190
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Appendix 13 Number of individuals of each haplotype in the sampling areas of Ishikari Subprefectural Bureau (2010-
2015)

Sample code
Sample No.

Atsu-10E Atsu-10M Atsu-10L Atsu-11 Atsu-12E Atsu-12L Atsu-13 Atsu-15

36 38

36

35 37 16

38

30

Haplotype

HKD_CP_001
HKD_CP_002
HKD_CP_008
HKD_CP_010
HKD_CP_015
HKD_CP_016
HKD_CP_018
HKD_CP_020
HKD_CP_030
HKD_CP_032
HKD_CP_037
HKD_CP_039
HKD_CP_040
HKD_CP_043
HKD_CP_049
HKD_CP_050
HKD_CP_052
HKD_CP_063
HKD_CP_067
HKD_CP_070
HKD_CP_071
HKD_CP_072
HKD_CP_077
HKD_CP_098
HKD_CP_108
HKD_CP_149
HKD_CP_150
HKD_CP_163
HKD_CP_164
HKD_CP_182
HKD_CP_183
HKD_CP_187
HKD_CP_189
HKD_CP_191
HKD_CP_193
HKD_CP_211
HKD_CP_212
HKD_CP_213
HKD_CP_214
HKD_CP_215
HKD_CP_216
HKD_CP_217
HKD_CP_218
HKD_CP_219
HKD_CP_257
HKD_CP_258
HKD_CP_301
HKD_CP_364
HKD_CP_401
HKD_CP_464
HKD_CP_465
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Appendix 14 Number of individuals of each haplotype in the sampling areas of Shiribeshi General Subprefectural
Bureau

Sample code Otar-14 TomJ-08 Kyow-11 Iwan-08 Iwan-09 Iwan-14 Iwan-15 Sutt-10 Sutt-13
Sample No. 30 40 36 37 41 42 39 47 34

Haplotype
HKD_CP_001
HKD_CP_002
HKD_CP_008
HKD_CP_010
HKD_CP_015
HKD_CP_016 1
HKD_CP_018
HKD_CP_020 2 3
HKD_CP_025

HKD_CP_030 9 8 9 8 4 9 5
HKD_CP_037

HKD_CP_040

HKD_CP_043 7 7 4 6 6 4 3
HKD_CP_050 1 1

HKD_CP_062 1
HKD_CP_070 1 2 1
HKD_CP_071
HKD_CP_077 1 1
HKD_CP_079 1
HKD_CP_080 1
HKD_CP_098 1 1
HKD_CP_160 1
HKD_CP_162 1

HKD_CP_163 1 1

HKD_CP_164 1 2 1
HKD_CP_182 1 1

HKD_CP_183

HKD_CP_187

HKD_CP_191

HKD_CP_192

HKD_CP_193

HKD_CP_194

HKD_CP_229

HKD_CP_230

HKD_CP_231

HKD_CP_232

HKD_CP_251 1
HKD_CP_401 1

HKD_CP_417 1
HKD_CP_429 1

HKD_CP_466 1

HKD_CP_467 1
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Appendix 15 Number of individuals of each haplotype in the sampling areas of Hiyama Subprefectural Bureau

Sample code Kmkn-10 Kmkn-13E Kmkn-13L Hesa-09 Hesa-10 Hesa-11 Hesa-12E Hesa-12L Hesa-14 Hesa-15E Hesa-15L
Sample No. 15 30 28 29 24 50 31 29 26 34 28

Haplotype

HKD_CP_001 5 4 12 6 10 21 7 10 2 7 5
HKD_CP_002 1 1

HKD_CP_005 3

HKD_CP_008 1
HKD_CP_010 2 6
HKD_CP_015

HKD_CP_016

HKD_CP_018 3
HKD_CP_020

HKD_CP_030 3 1 2 9 7 6 5 4
HKD_CP_034 1

HKD_CP_037 1 1
HKD_CP_040 1

HKD_CP_043 3 4 3 2 1 8 3 6 3 3 4
HKD_CP_048 1

HKD_CP_050 1

HKD_CP_052 1 1 2 1 1

HKD_CP_067 1

HKD_CP_070 2

HKD_CP_071 2 1 2 3 1 1
HKD_CP_077 1

HKD_CP_080 1

HKD_CP_098 1
HKD_CP_104 1

HKD_CP_115 2
HKD_CP_146 1

HKD_CP_160 1

HKD_CP_182 1

HKD_CP_183 2
HKD_CP_184 1

HKD_CP_187 1
HKD_CP_191 1 2

HKD_CP_195 1

HKD_CP_217 1

HKD_CP_220 1

HKD_CP_301 1

HKD_CP_401 1

HKD_CP_402 1

HKD_CP_430 1

HKD_CP_468 1
HKD_CP_469
HKD_CP_470 1
HKD_CP_471 1
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Appendix 16 Number of individuals of each haplotype in the sampling
areas of Miyako Bay and offshore of Shimane Prefecture

Sample code Miya-02 Osim-10 Osim-13 Osim-14A Osim-14B Osim-14C Osim-14D
Sample No. 30 39 58 41 36 40 30

Haplotype

HKD_CP_001 5
HKD_CP_002
HKD_CP_007
HKD_CP_008 4 1
HKD_CP_009
HKD_CP_010 1
HKD_CP_012
HKD_CP_015
HKD_CP_016
HKD_CP_018
HKD_CP_020
HKD_CP_022
HKD_CP_025
HKD_CP_030 9 5 6 3 3 4 3
HKD_CP_031 1 1
HKD_CP_032 2

HKD_CP_033 1
HKD_CP_039 2
HKD_CP_040 1

HKD_CP_043 9

HKD_CP_047 1

HKD_CP_048 1 1 2 1 2
HKD_CP_049 1 1

HKD_CP_050 1

HKD_CP_054 1

HKD_CP_057 1 1 1 1
HKD_CP_061 1
HKD_CP_067 1
HKD_CP_070 1

HKD_CP_071 2

HKD_CP_079 1

HKD_CP_080 1

HKD_CP_081 1 1 2
HKD_CP_095 1 1
HKD_CP_102 1
HKD_CP_106 1 2
HKD_CP_108 1

HKD_CP_111 2

HKD_CP_124 1

HKD_CP_127 1

HKD_CP_150 1
HKD_CP_181
HKD_CP_185
HKD_CP_193
HKD_CP_219
HKD_CP_221
HKD_CP_222
HKD_CP_223
HKD_CP_224
HKD_CP_225
HKD_CP_226
HKD_CP_227
HKD_CP_228
HKD_CP_255 1

HKD_CP_261 1

HKD_CP_298 1 1
HKD_CP_323
HKD_CP_335 1
HKD_CP_390
HKD_CP_403
HKD_CP_404
HKD_CP_405
HKD_CP_406
HKD_CP_407
HKD_CP_408
HKD_CP_409
HKD_CP_410
HKD_CP_411
HKD_CP_412
HKD_CP_413
HKD_CP_414
HKD_CP_415
HKD_CP_416
HKD_CP_435 1
HKD_CP_436
HKD_CP_437
HKD_CP_438
HKD_CP_439
HKD_CP_440
HKD_CP_441
HKD_CP_442
HKD_CP_443
HKD_CP_444
HKD_CP_445
HKD_CP_446
HKD_CP_447
HKD_CP_448
HKD_CP_449
HKD_CP_450
HKD_CP_451
HKD_CP_452
HKD_CP_453
HKD_CP_454
HKD_CP_455
HKD_CP_456
HKD_CP_457
HKD_CP_458
HKD_CP_459
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Variation in body silvering of chum salmon juveniles in seasonally spawning stocks

Kazutaka SHIMODA*', TomoHARU WATANABE?® and Daiset ANDO?

' Donan Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,

Yakumo, Hokkaido, 043-0402,

? Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido, 061-

1433,

’ Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

In this study, body silvering in chum salmon juveniles (Oncorhynchus keta) was analyzed using a chromameter. For this,

we observed O. keta juveniles in early- and late-run stocks (fertilized from late Sep to early Oct and from mid Nov to early

Dec, respectively) in six rivers (Abashiri R., Shibetsu R., Tokachi R., Chitose R., Shizunai R. and Torisaki R.) in Hokkaido,

Japan. L-value was used as body silvering index for comparison on a weekly basis between two seasonal stocks following

spawn emergence. Higher L-values were noted for the late-run stocks than for the early-run stocks. Thus, our results suggest

that the developmental level of physiological traits of late-run stocks was faster than that of early-run stocks in chum salmon.

F—U— N LW F iR, EREN, eRet

BTl o4 BRI, IAERE D S UEEEE~OK
IS LT, SR EEE & OBELILeEHEAVEY D
B X 12 & o CRAELMETRERE % kB 20 6 ik B~ L 4]
DB Tl RBEIGRE R MR35 (5, 2009), FMELRY
AR AR & S N B FHE OB O/ — < —
IHWEL, BRI TR EFF T AL
TR EIZZEL L X BV FNEZEHET 25 (Nakano
etal, 1988 ; FH, 2016), i@H 2 OROAEILIZAEIL b
{LDHEATE SV E R HH (phase) & L CTEREAYIZED
ENBH B2, AR 1974), Kz EZRmmIcEH

AL LT aER T HOIETEFER SN,

7 7 < Z0.
masou masoud X O O. keta® S DR 2 23
WHWHRTWD (FH S, 2000 ; Ando et al., 2005 ;
Ando et al., 2009), B OER TIIREOLREOMLE %

7 ~ O Oncorhynchus masou ishikawae,

Faffie, AR HFOOMEYFITLMHE, ABEEZRT
LiEAZWETE LD, FrEfaoffaofals Emny
ICEHTLICELEREL CWb EENTWw5S (Ando et
al., 2009) s Z OIFIZ X D & A OLMEIZEE I FE
S>TEAL, FLEA04HM%, RBYLETOmMmIZEL
72 CIRRMELCE T % (Ando et al., 2009).

AEE W7 235§ 2 I E <, F—if)ll
TL8A FTENZIUGET & A2 — 5 TLLH LI
R AL Eons (BlziL /Ahs, 2017), dbifE
EOAAN 2RI LgeTiE, IHIIZmYE L7cREE 12
FZmE Lzfiz o nIcfE B oLiE 2 JlE L 7-
LA, YRR I X o TLAEDZEAL O KA DS
e hH I ENRIEEINT WS (http://www.hro.orjp//list/
fisheries/marine/07ulkr0000006sk0.html, 20184E5H 16 H ),
o) HENFEEIIICE LTIk, Ando eral (2009) %1

HOCE 5 AS62 (20184F 8 J] 6 HZHL)

*Tel: 0123-32-2135. Fax: 0123-34-7233. E-mail: shimoda-kazutaka@hro.or jp



42 THANFE, ARG, RHERK

THHZ DWW RO B2 RIE L T 5,
ARWFZETIL, ALHEEPN D6 % M ZIZ9A T2 510
H EANCERIN S N2 S 1L A A S 12 5 BAJICER
PR N2 HEI0 & W CRIBEBR ATV, B OERTT
SEMM ISR OB HIE L, BAORIFEIC X 2 HE
OB EOPFLOMETREDENEZHOMICT LI L
ZHINE L7,

MHE L UHE
RRICAWEY IR duEOMEN, FEIN, T

N, F CEFNIEG), HNITB L OB T’
WERICOA TR F 721310 BANZERIE S 28 (DLF,

B CUHSRE» S 120 BAICERIBS e (BT,

HBIEE) 5, FNENHEI20008 D SZREII DS % 521 F
FEERICH W (Fig. 1) FEERICHH L2009 1 X

TR
- 4508 Hokkaido!

QQJ
#
- 400 km
135°E 145°E
[\

Okhotsk Sea Shibetsu R.

Sea of Japan
44°N4
Chitose R.

“-Tokachi R.
Pacific Ocean

42N+ Shizunai R?

™ Torisaki R.

200 km

T T T
140°E 142°E 144°E

Fig.1 Map of the study area.
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Fertilization date and size of chum salmon eggs used in this study from six rivers in Hokkaido, Japan

Egg weight (g) t-test

River Stock Fertilization date
Mean SD N t p

Abashiri R Early 3 Oct. 2014 0.252 0.026 60 ~5979 <0001
Late 3 Dec. 2014 0.284 0.032 60

Shibetsu R Early 30 Sep. 2014 0.268 0.037 60 0038 0969
Late 14 Nov. 2014 0.267 0.034 60

Tokachi R Early 22 Sep. 2014 0.284 0.033 60 5363 <0001
Late 21 Nov. 2014 0.319 0.039 60

Chitose R. Early 24 Sep. 2014 0.215 0.033 60 ~1870 0064
Late 26 Nov. 2014 0.226 0.034 60

Shizunai R. Early 5 Oct. 2015 0.255 0.029 60 1166 0246
Late 24 Nov. 2015 0.249 0.033 60

Torisaki R Early 6 Oct. 2015 0.245 0.032 60 ~1943 0054
Late 27 Nov. 2015 0.257 0.034 60
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Table 2 Relationship between the L-value wused for
chromameter calibration (a whiteboard) and the

hole size of the blackboard for reduce diameter of
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LEF LT, BEAERNIEEIrSRE LN T Ty v
2D R o —ETHRA T ARG L o T A D
EhB, MIELMEE, RIEHAAGR LD S0 555
WIBEIZIZADMELE 2 ), SRIEHAGKE Y bob%
i AT ASAICIZIEDE R RS L L B,

T — 28 B HEROLEIARY A X2 X o TELT
LYENHAH T LS (Ando eral, 2009), HiHEE L
HITE L O CTHIIELME % i § 2 B2k, B E% LA
B LMo 2 EH L7z, 72720, WIELEE R
A& DEGERIEE T WA, A & %1
i & OB TRIGBRICEHEAERDRRO LN AHEIZDO W
T 2 BT E nizo, e Z H Tl
iR & B L O THIELIEE D PIEHEIZ O WTEDE
A HE L7,

measurement head of chromameter #® OB
Diameter of hole L - value
ean SD N Y1 DL FMEHICB T B FHRIEOHES %
3 mm 3046 0.019 5 Fig 21278 L 720 % EEE OISR X £ 1336.0~39.6mmo
4 mm 4122 0.035 5 HPFHTH o728, F 049 H121268.8~754mmoD i
9 mm 91.75  0.077 3 Lo tze TR AHIE H OV R IE* BilRE & %
6 mm 62.78  0.097 5 WIBE OB CUHREIC L ) B L 722 25, #E)I TR
7 mm 68.45  0.061 o EAO3SHBE CHICHIIBSAE oo, BN
8 mm 72.78  0.127 S 42 F 5 DU A B0 5 Uk { e o 720 BRI TIR
9 mm 7780 0140 5 e pois gk 201 s £ 028 HEIZOVTIZEENT
10 mm 8040 0.114 2 BRI S NA D o720, ZOMOMWEH TR
80 1 AbashiriR. - Shibetsu R. *| | Tokachi R. o
70 1
60 - 1
50 A q
E 40 A .
< 30 ——— ———— ——
oo 0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49
i: 80 - Chitose R. 1 Shizunai R. % z 1 Torisaki R.
2 70 4 1
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40 .
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Days after emergence

Fig.2 Mean fork lengths (+ SD) of chum salmon juveniles. Open squares and closed circles indicate early- and late-run stocks,
respectively. Asterisks indicate significant differences between early- and late-run stocks by t-test (*p<0.05, **p<0.01,

*5%p<0.001).
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Days after emergence

Fig.3

Revised L-values (means = SD) of chum salmon juveniles. Open squares and closed circles indicate early- and late-run

stocks, respectively. Dotted lines indicate the mean L-value of populations from six rivers including two seasonal stocks.

Asterisks show significant differences between early- and late-run stocks by ANCOVA (covariate: fork length) or t-test

(£p<0.05, **p<0.01, ***p<0.001).
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Growth of three species of Ammodytes (Perciformes: Ammodytidae) caught off the northern part of Hokkaido, Japan

(Short paper)

TakaNorRl HORIMOTO*, Yoko GOTO', YosHiakt KAT?, Yutaro SUZUKI' and Tapasar MISAKA'

' Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001,

? Maizuru Fisheries Research Station, Field Science Education and Research Center, Kyoto University, Maizuru,

Kyoto 625-0086, Japan

The growth pattern of three species of sand lances (Admmodytes japonicus, Ammodytes. heian, and Ammodytes. hexapterus)

in the northern part of Hokkaido were examined.

For A. japonicus and A. heian, standard length (in mm), body weight (in g), and age of the fish (in years) were fitted to the
von Bertalanffy growth equations: L, = 263.74x[1-¢?31¢ 7] and W, = 77.14x[1-e04039]3 for 4. japonicus and

L= 291.91x[1-e0283270] and W, = 89.84x[1-e 031893 for A. heian. No significant sexual and inter-species differences in

body length and body weight were observed. Although we could not construct a growth model for 4. hexapterus, the standard

length of the two-year-old fish was significantly smaller than that of the other two species.

X—7— N A HF TEMAEAmmodytes, FHER,

A N+ TIEME (Ammodytes spp.) X, HARIZBWT
BELKEMGHETH ), GREHTREMRFT 5 LT
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TOrr efal. (2015) 12 & ) BEEMGIFIC L AT 28 D278 |2 4

FANF T (A heian) %Nz 723FEDFEFTHI5A 5 5
CEDHAL L ot R (191) EF S A hFTL
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B3R 72 & N B TR 25 2 L 25K L Tw
bo LU, EEFHERE S NIA A I F TOEREIE
O o TB O, BATHIRIC BT 2 BEA2E O A
ROBHHEZRF L CO/ZWREMED D 5o Bi%ilEic B
JARBHAEOGRRER LD D) 2T, FHIZOWT
R T AHEREWHSPICT A EDNEETH L, ©
CCARWIZE T, duiEEdEEEI A BT A4 TR
BHOBIE OREICHTAEBNRZ S22 2 Y
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ERCL, MERERD 70 & QN FERY B L 72
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Fig.1 Sampling sites, sample size and species composition

of Ammodytes spp.

AWHEIZ BV TIPSR AR & IR Y THIHEIRSE
THME S N7z A J1 ) TIE S S4B AR & AT Ik L 72
(Fig.1, Table 1), ZTHHIXHZE - £ (2016) %5V
IZRBES (2018) Th 50 LoOEMETIHRIZIE DV TH
BEITONIERTH L, MEERHERETHE LN
TRITAEGEIREE T, R Y THIHEIRZE TH O 7 EARITR
ERIVZHICHEHREA L-b 0%, WIR=ECTHAMRE S
VoI EZ ImmBAfr, RELO0IgHM TIEL, M
HEDH B, BEAROMIEEIT o720 WTNOERD AN
D &50B% FRE L7z,

FiE ARWFTETIT o 72 KB EAT IZ1ER. version 341 (R
Core Team, 2017) %Ml L, AE/KEIZSBE L7,
1.ERMETE TAzxfilE 70%Ls /= VKERE 72
KRR LA 707 L — MRS L
7otk ERBEMSETORMEEL TV Y IV X T Ty
L7z EEOREIE L20G%E 20 ¥a— ¥ LTl
AL TITo 72, HHE (2004) 1298V, B1LET OIR %
BIZ LT, 100um& DIFEDSA VS DLV DI L
720 BLEWHN ORI NEHIZOWTIE, Bl 25 K i

Table 1 Samples of Ammodytes spp. examined in this study
Total A. japonicus A. heian A.hexapterus
Samplmg Sampling number Number Ave.body Ave.body Number Ave.body Ave.body Number Ave.body Ave.body
site date of samples of length: weight: of length: weight: of length: weight:
samples mm (S.D.) g(S.D.) samples mm (S.D.) g(S.D.) samples mm (S.D.) g(S.D.)
Sarufutsu 14-Jun-16 1 1 188 36.8
15-Jun-16 1 1 172 214
169 26.2 178 30.4
29-Jun-16 27 2055y (1.63) 16 667y (13.01)
177 28.0 177 31.7 161 19.4
6-Jul-16 10 3 (6.98) (7.58) 3 (12.04) 9.18) 2 (18.00) (8.10)
177 26.7 172 27.9 168 20.1
21-Jul-16 29 8 (15.34) (7.63) 19 (33.22)  (12.40) 2 (5.50) (0.60)
155 15.6 168 20.9 159 16.9
19-Sep-16 28 6 (10.08)  (3.48) 10 (18.149)  (8.36) 12 (18.76)  (6.72)
. 173 30.0 184 36.7 165 233
Soya Strait  1-Jun-15 32 O 1106 (1.05) 200 0378)  (1430) 3860 (33D
193 433 203 49.9
3-Jul-13 17 S (2058)  (18.34) 3242 (17.68) ! 177 372
222 60.1 211 53.0 191 35.8
3-Jun-16 4 23 (19.94)  (16.20) 17 (1034)  (8.38) 4 (740)  (5.61)
193 38.1 194 39.9
12-Jul-16 002y 02 B 362 (1.07)
197 42.0 208 48.9
8-Aug-16 30 ¥ 133 (13 W 2546)  (13.68)
216 53.0 207 48.1 197 333
8-Jun-17 30 1 (4.60)  (3.08) 37 (1339)  (9.52) 2 0.50)  (1.25)
208 46.0 206 458 209 39.4
H-Jul-17 0 ggy 0 B3 G316 (9.10) 450 3.97)
217 53.7 212 495
24-Jul-17 0 16 (22.35)  (13.29) 4 (20.99)  (13.10)
211 52.8 210 52.7
4-Aug-17 00 oy @23 3 a5 (1097)
212 48.9 213 50.3
28-Sep-17 01T 5000 (1031 32 (13.01)  (1024) ! 146 1.9
Total 544 208 305 31
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Table 2 Von Bertalanffy growth models fitted to length-at-age and weight-at-age data for A. japonicas and

A. heian

Species

Number of samples

Body length (mm)

Body weight (g)

A. japonicus Total 203 L,=263.74 [1-e 0316 ¢+1.874)] W,="T7.14 [1-e0:466 (t+1.1397]3
Male 104 L,=267.22[1-¢"100779) W,=T78.81 [1-¢ 47! (#1060
Female 99 [,=260.19 [1-e0308 2067 W,=175.17 [1-e 044 12703
A. heian Total 286  L,=291.91 [1-¢0213 2771 W, = 89.84 [1-g-0-342 (+1.849)]3
Male 152 Lt — 28085 1_6-04252 (t+2A304)] VV[ — 8084 [1_6—0393 (t+14620)]3
Female 134  L,=342.61 [1-e0131 (+4017)] W,=139.19 [1-¢0201 (#2953
Body length Body length
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Fig.2 Von Bertalanffy growth curves fitted to length-at-age (upper) and weight-at-age (lower) data for A. japonicas (left) and

A. heian (right) by sex
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Variation in the vertebral number of naturally spawning chum salmon among migrating seasons (Short paper)

Daiset ANDO* and SHUNPEI SATO?

! Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046—8555,

* Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education Agency, Sapporo,

Hokkaido 062—0922, Japan

Naturally spawning chum salmon Oncorhynchus keta adults were collected from three rivers in Hokkaido during three

different migrating seasons to represent early, middle, and late migrating populations. Vertebral numbers were then measured,

the highest mean vertebral number was observed in the early migrating population. Remarkably, the difference in the mean

vertebral number was larger between the (naturally spawning) early and late migrating populations than the differences

reported in previous studies of hatchery-reared chum salmon populations. These results suggest that the vertebral number is

useful to estimate the spawning environments of chum salmon.
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Y1 Oncorhynchus keta|ZACHEEZ BT 2 HE 22 iR A
ERNRETH D, ELMTIHELLED i 5 ARl %
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EXNTVD (RS, 2014), AT biiif & 9H w
WIS 2 BREINR OO EFTERE 2612 5 &,
I N 28 LT KR CTER SN L DS, BF
EFk 2 5412 WELT B IKIR T CAEFT S (b
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LBe I Tnb Il ERLTWA, Lo, i
JINC BV BKIBEOBRERA & &b, B LEHHIZH
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L, M EROEINARE (FIH 3 2855 Oz 3l
TLETHRZERICEDLEEZLOND (KD,
2014) .
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Fig.1 Map of relevant rivers and places in this study. Places
indicated using squares are the surveyed rivers, and
the circles indicate the surveyed points.
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Table 1 Sampling date, sex, and morphometric data of chum salmon adults collected from
three rivers in the Ishikari River basin, in 2011.
1,42
Season River Date Sex POH Age*z Vertebr::zl

(cm) number
Early Osatsu R. Sep. 28 Male 51.0 4 67
Atsubetsu R. Sep. 29 Female 54.0 5 67
Osatsu R. Oct. 4 Female 53.0 4 66
Osatsu R. Oct. 4 Female 52.5 4 68
Shimamatsu R. Oct. 4 Female 60.0 5 67
Shimamatsu R. Oct. 4 Female 53.0 4 67
Atsubetsu R. Oct. 6 Male 54.0 4 68
Atsubetsu R. Oct. 6 Female 49.0 4 67
Atsubetsu R. Oct. 6 Female 48.5 4 68

Mean 52.8° 4.2° 67.2°
Middle Osatsu R. Oct. 12 Male 55.0 5 67
Osatsu R. Oct. 12 Female 49.5 4 66
Osatsu R. Oct. 12 Male 60.5 4 66
Atsubetsu R. Oct. 14 Female 50.5 4 66
Osatsu R. Oct. 25 Female 46.5 3 66
Osatsu R. Oct .25 Male 57.0 4 67
Shimamatsu R. Oct. 27 Female 54.5 4 65
Shimamatsu R. Oct. 27 Female 55.0 6 66
Shimamatsu R. Oct. 27 Female 495 4 66
Shimamatsu R. Oct. 27 Female 51.0 Unknown 67
Atsubetsu R. Oct. 28 Female 52.0 5 65
Atsubetsu R. Nov. 4 Male 49.5 4 67

Mean 52.5° 43" 66.2"
Late Shimamatsu R. Nov. 7 Female 59.0 4 65
Shimamatsu R. Nov. 7 Male 53.0 4 65
Osatsu R. Nov. 7 Male 53.0 4 66
Osatsu R. Nov. 7 Female 51.0 4 65
Osatsu R. Nov. 7 Female 54.0 4 65
Osatsu R. Nov. 7 Female 54.0 4 65
Osatsu R. Nov. 7 Female 44.0 3 66
Osatsu R. Nov. 7 Male 43.0 3 65
Osatsu R. Nov. 7 Male 44.5 4 66
Osatsu R. Nov. 7 Male 56.0 4 65
Osatsu R. Nov. 15 Female 445 3 68
Osatsu R. Nov. 15 Female 55.0 4 66
Osatsu R. Nov. 15 Female 55.0 4 66
Osatsu R. Nov. 15 Male 455 3 65
Shimamatsu R. Nov. 15 Female 53.0 4 66
Shimamatsu R. Nov. 15 Female 58.0 4 66
Shimamatsu R. Nov. 15 Female 55.0 4 65
Shimamatsu R. Nov. 15 Female 47.0 3 66
Atsubetsu R. Nov. 18 Female 51.0 3 67
Atsubetsu R. Nov. 18 Female 51.5 4 65
Shimamatsu R. Dec. 14 Female 57.0 4 66
Shimamatsu R. Dec. 14 Male 53.5 4 65
Shimamatsu R. Dec. 14 Female 57.0 4 66
Shimamatsu R. Dec. 14 Female 57.5 5 66
Osatsu R. Dec. 14 Female 52.0 4 65
Shimamatsu R. Dec. 21 Female 58.0 5 66
Shimamatsu R. Dec. 21 Female 56.0 4 67
Shimamatsu R. Dec. 21 Female 53.5 4 66

Mean 52.6" 3.9° 65.7°

"' Postorbital-hypural length (POH) is the distance measured from the rear of the eye to the base of the tail

(hypural bone).

“Identical letters on the mean value of each trait indicate that differences are not statistically significant

according to Tukey-Kramer multiple comparison test (P = 0.05).
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Fig.2 Water temperature and number of fish collected from
three rivers in the Ishikari River basin. Lines and bars
indicate water temperature and number of fish
collected, respectively.
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