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On the Populations of the Japanese Anchovy, Engraulis japonica
(Hourruyn), Caught in Tsugaru Strait and Funka Bay

Tetsuichiro KINOSHITA

Abstract

In Tsugaru Strait and Funka Bay, the Japanese anchovy is mainly caught
by set net from late May to December. From January to the middle of May
the anchovy disappears from the coastal waters of these regions. On the popu-
lations of the anchovy caught from 1955 to 1957, a study was carried out taking
into consideration length composition, gonad index, vertebral counts, dorsal and
anal fin ray counts and ring counts and patterns on scales. Thereby the following
results were obtained.

1) From the seasonal changes of the mode or the mean value of the body
length frequency, 8 groups were distinguished; that is, A, B;, B;, Bs, Ci, Ce, Cs
and C, (Fig. 2). :

2) A-group spawns from May to August in Tsugaru Strait and from June
to September in Funka Bay. Bs:-group in Tsugaru Strait contained spawning
members in July, 1955 (Fig. 8 and 4).

3) In each area, A- and respective C-groups, except a sample of Cs-group
collected on Aug. 20, 1957, in Tsugaru Strait, were homogeneous within the
group throughout the season so far as mean values of meristic characters were
concerned. Though each of the B-groups in November and December, i.e. By,
B;” and B;”, was homogeneous, those before October, i.e. By, By and By’, were
sometimes heterogeneous (Tables 8, 4 and 5).

4) Almost all specimens of A-group have a ring of spring brood type, while
all of By- and C;~C,-groups and almost all of B,”- and B,”-groups have no ring
on the scale. In B,-group, some specimens which have a ring of spring or
autumn brood type on the scale mingle with the specimens which have scales of
no ring and also in B:-group, some specimens which have a ring of autumn
brood type mingle with the latter (Fig. 5).

5) This may be the reason why the mean values of meristic characters were
sometimes heterogeneous within B/~ and By -groups. Although it is impossible
to point out the reason of heterogeneity within Bs-group, the reason may be
found in other characters which have not been used in this paper.

6) The seasonal change of length probably represents its growth in each
group. Before October, the growth curve of B;-, B;- and B;-groups may be con-
structed from the overlaps of two curves of the homogeneous and heterogeneous
groups to B,”-, B;”- and By”-groups respectively (Fig. 2).

7) Comparing the corresponding groups between the two areas, A-, B:” and
B;"-groups show no significant differences in the mean values of any meristic
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characters, but in the other groups there are some cases which show a significant
difference in the mean value of vertebral counts (Table 8).

8) From consideration of the seasonal change of length and ring type on
scales, and from the comparison of meristic characters, it is possible to presume
that B,”- and B.”-groups develop into A-group of the next year. In the same
manner without any comparison of meristic characters, it can be presumed that
C-group develops to a part of the B/~ or B.-groups the next year (Figs. 2, 5, 6
and 7). '

9) It might be assumed that in both areas C:.- and Ci;-groups were derived
from the eggs spawned by A-group during the spawning season, whilst C- and
Cegroups were derived from those spawned in some other area (Fig. 2 and 3).

10) Thereris a tendency that significant difference occurs between groups in
respect to the mean values of meristic characters because of the differences of
age, reproductive period and hatching area (Table 7).

11) The problems of the growth of the Ci-group and of the annual fluctua-
tion in the length composition of A-group remain for further discussion.

¥ oz M o

HEEYS SURKETIE, #87F4792 6 ATAMRS 12 ATAICbAL-TEE LTEER
THREES R, 1 AHD 5 ARAE TRARBITH S, BEGE 8 DICAFISh 5, 5~T Aiik
BEE—F 12~1dem OREEIHEARE SN, 8~10 AIITEEREHETIE 4~Tem O/NEIBAE
BOREL LHBA, BKETIIBEOMZ 1lem BLEDOBL ALY E W, 11~12 HiZiZ 7~10
em HHREN DA, 10~18em BABENIE, TRHEL MADRD, VYT RAEMNRE Lok
FELFhh T, : ‘

WBEDH 7 7 F 47 VDT OFEEINHILVITbR T34, Y2 +HMmBABoh T3
LIV 27ev . ZOWMETIE, 19556~195T EICEBHI LB AETREXNIA S 7 F 4T 22D
W, BRMEES X CIRERORIVEY, BHEK, WHEK BHEEEYOTBOBRENS,
ZOKBOBRBEORN #1T o720

MELEDDITRIEDH, BLAOWEIBEE G- - HAANEMKE L, FROBBEYCWCHSRY R - 7=
EHESHZEE AR —EBEBRICELE U R 5 L3z, MighEEC AT OmEERE, M
BOBRBIZEELZIAON LEET ORNTARE, HTOBESRATR, BREEEEHEBTO
HRCB#HT 5,

7eds, T OHFIILAKH - KKOBREBEERBAEO—~F L L TiTbhi,

HHESEITUHE

B Lo, SEEpdkisE oSN, LB, B FHRI0, BAEORE # &1
B) i\ TEE LTEBERTABINIDDOT, AENOHRE, FHEODBEDOLDOHIMEAT
Wao LcdiaT, ZOMETIERELABDANHREL-TD, ZALOHEBIZEINRL=
) Y ERDBIZHA L7223, 1956~1957 {£EDKREM, BEE, FHOMBOLT (66 4 14 ¥k, 57
ETER &, DO 6 B (56 4 3 B, 57 £ 8 B HEBEEATH D,

MROMBIZH - T, 1 BOBEIIIOWTHR AR Y SHOBEBOHELRAE L, HEHR
DE— FHEEOBRED S DL 30 Bé - TEEROHMETHIZ L #EANE L. L L, RO
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Body length in mm
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Kamiiso

Fig. 1. Map showing the sampling
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B, B TF AT OBIERCEE LD T, BERORERNEOERREIZEOH 5HMEND
BRAESEEZERE IR L Lo T, S LEEEBELHBLAEES 0T L —5
LV :

HEIT 1mm By, JPREEENT 0.06g D EDOLni 0.01g MATRAIEL, 0.05g REDLD
22T 0.06g BITE LTH«ko70. BEN 10em B EOEEORILER (BMEREL S 1ZHE
T, 0em BFOLOOERERE SEEOTHMEN, BESKIRENEMET CEE L, BEL
JOHBIIE L TR SR T 20 SICHRL, MERIZH-T 1mm B TRE L.

] »

1 thBuER

1 B D0RBYOBRMERO T~ F (BROPCBEIEROTISE) 245 (B2 X)), =
HWHDE~F (BUITFEE) IIRFHOKEL RIZRESIEBL T EALND 8 ODBIIY T HA
BHo TITIRINGEERORENDIOMDIEZ, A, By, By By, Ci, Gy, Cs, Co 43, #b
THEL5T, A BIIEE, C 0BT A BOIADOMREE S X O EREEIE - B ABOBEKE
TORMEE, B OFEIZ A BHe C BOBMIZHLh B THD, 7275, 1956 £ 7 81 HOE
BHERE 9em OBERIZABOE~FEADELLXTHhEA, BEASDW (12 B) L, 219 &8
FDLELIERTHHDOT, HDBOBRNHSEBALT,

X, TOHOMBO—MIIERERTHIOT, HELLHBEOBROBINOBEYHE~NI (B 1
F)o BFE 119~14Tmm O LD TITIEFKE 2 H TR 8~4mm, AR 55~63mm DD TH 2mm

Table 1. Shrinkage in body length which takes place as a result of salting

Date June 11, 1956 Aug. 11, 1956
Body length in - o~ -
a fresh condition 55~63 mm 119~147 mm 128~139 mm
No. of specimen 5 47 8
2 days shrinkage 1~3mm 1~6mm 2~5mm
after mean 2.2 mm 3.8 mm 3.8 mm
38 days shrinkage 1~3mm 0~5mm 3~4mm
after mean 2.2 mm 8.3mm 3.8 mm
4 days shrinkage 1~56mm 3~4mm
- after mean : 3.4mm 3.9mm
5 days shrinkage 3~4 mm
after mean 3.9mm

O HH BN, MBEEGRBRERIALZLNAR,, ZOEETHEA L ERERDEBMIME
ERFOERE TIEH 24, FE 5~6em T 2mm, 10em Fi%TH 3mm, 12em Bl ETiZH
4mm BEOHEER LTI SE V. UL, B2ROFEROETIIIOMERTHLY, B
FOTOBIZZhEERLLE (B 2 ),

B2 RIALALMLS, THHOERBIIEICL - TEREOZ Iz B 75, 1955~1957 £
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Table 2. Number of samples and individuals

( ) shows the number of individuals.

Area Tsugaru Strait Funka Bay
N~ Locality .| Total
\ Kikonai | Kamiiso | Hakodate Toi Sawara Mori
. Year ™\ Group
A 7 2 9
(198) (48) (241)
B, 4 11 15
(80) (305) (385)
B: 8 3 1
(186) (69) (255)
B, 2 3 5
1955 (60) (60) (120)
Ci 10 4 14
(245) (120) (365)
C. 31 6 37
(930) (118) | (1048)
Cs 4 1 5
(101) (30) (131)
A 2 9 4 15
(62) (231) (76) (359)
B, 2 2 4 8
(40) (60) (72) (172)
B: 1 2 1 3 2 9
(80) (85) (90) (89) (60) (284)
B: 6 1 2 9
(108) (20)- (44) 172)
C: 2 4 2 8
1956 80) :| (107 (45) (182)
Ce 2 11 1 14
(60) (330) (24) (414)
Cs 7 1 8
(198) (30) (228)
C. 2 2
(38) (38)
? 1 1
(12) (12)
A 1 3 1 5 10
(30) (95) (50) (134) (309)
B, 4 2 8 14
(72) (60) (218) (350)
B: 1 3 2 6
87 (180) 47 (214)
B 2 1 1 1 5
1957 ? (60) (50) (50) (30) (190)
C 5 5
(188) (183)
C: 7 7
(200) (200)
Cs 2 2
(48) (48)
Total 8 133 1 12 2 62 219
o (202) | (3527 (90) (389) (100) | (1630) | (5850)
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WX CRECIZ IR CHRERARE S h Tvwb, ZhLOFEERIZ OV TR 2 & 12, 19564
DEREFIITIZ Co BABRbh T B2 &, B B 10 B2 /nn 2 &, 1956 £ A B
VREERNR bR o M THIZMD 2EDO LD L Y HIEEIIAE W LY, WEKEE T IEEE &
DHEREVEET A BAALNABZETHB,
2 MEES

3 FEEIO A=) YEEDOEHOG, 0.05g M EDSIREREY HO R ORAFIZONWT, HEAET
o (Ke) 2RI L - TEHEL, SEBOFESE ko 6 3 X,

>
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Fig. 3. Seasonal change of the mean value of gonad index (Kc)

Ko=G. W./L? x10* ; G. W.: JpiidEH (2), L: #E (em)

A B 5~T HOFZERHNIMEER T Ko OZERANTRVE LAY, BEHIoZE & DRIz
HEEMERT . ZHUIE 3 WD Ko OFHEORHHNLZIZ X < Eh IR T 5, HEREiEED A
BT Ko OF BT SERIZEEE2R L, Bllo0 5 A T~ 6 A Laoniy100:5 8 A FaO
2 F THEL T2, ZHUTHRIIRIOIZ, SFRAGICHLIIBROB D B S 1g Bk (FA4.15
g2) ORFELIIBHEEFOEETLOHLNAEEA, 8 AFEIZIZ0.2~0.6 g DIHELZEF OIS Z
EDRMLTH D, WO ABTIE, BEEROABLVNLIY ABRT, 6 A 70 k420
235 9 BRI TR EREN 2R LT Y, mMEOMIZBREN cThosHsd 2 LaEEER
RS L OMEBELIPUAKIR T A 7 7 F A 7 2 D0 « HEAApREEI LTS D LR, &
SEHE R D, FREO—IRAFEE o7, BONERM L v B A MEE (F 4
XD MR RBELN TSI Enb, A BHIEIET, HBEHELETIE 5~8 H, EXETIL 6~
9 BRI THAHE LTEND 3,

Fig. 4. An anchovy having hollow ovaries,
133 mm in body length sampled at Kamiiso
on the Strait on 17th August, 1955
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B ®Tix, 1955 E0@EREHED B Bl 7T A LHD Keb5.2 his 8 Bz 1.6~1.1 iZ%1k
LT2b00M, ENTSLBbh2 30BN TR, Z0 1955 4E 7 A0 By BiX, 5kt
Ef 0.35~0.70g T A BHZ BB EEV, ERIREL, SRENZIPRAED Hh, &I
BlAabd, B BTk Ko 28 1.1 LY KREL 8RNI, Bs BTIIHFSMUIZ 0.056~0.09g
DEGERBELND T T, BEMN 0.06g LT ThHb,

C BT, 1955 £ 12 iz C; B 1 B 0.06g 2 RL7-AUILEE 0.05g BT TH-T, &
IIEZ LISV, REERTIE 5~8 B, MAETIL6~9 JIZ ABLEITL > Tid B HO—i
HEIL, MOBEOZEILRVWELRBNDZEIE, BEENNTOI, Livd, BEREITEN
BHIOLLNZAMNFELUBEOH ¥ 7 F AV VOEM~ LA, TWS L, SBRERIIIINICEN
ZEEHhETRREVEETH S,

3 TRMWEL WENEN, WHER
a) BAORFOTESMOER
BRMBEOHERH LB L SBADO BT OWT, 25, KB thZhoBiEY, W%

Table 8. Comparison of the meristic characters among
the samples within each group

Group
Area | Year |Character
A B, B: B Cy (073 Cs C.
v O 70 4/ @ 8|0 2|0 100 8|0 4
1955 D O T/0 4|0 8|0 2|0 10,0 81|0O 4
- A O 7|0 4/0 8|0 2|0 1010 81|00 4
§ v OmnloO 4|0 710 7|0 6|0 1B|O 7/0O 2
5 | 1956 D Onle® 40 710 710 6,0 1B|O 7|0 2
g" A OO 40 70 /0O 6/0 18/0O 7|0 2
e v |0 40 6l0 4|0 3/0 5/ @ 7/0 2
1957 D O 4|0 6|0 4|0 8|0 /O 7|0 2
A O 4|0 6/0O 4|0 8|0 5|0 7|0 2
v O 2/01|0 3@ 3|0 4|0 6 1
1955 D O 2@ 11|® 3/ O 8|0 4|0 6 1
A O 21011/ 3/O 8/ O 4.0 6 1
E v O 4]0 40 2|0 2|0 2 1 1
g | 1956 D O 4]0 4|10 2|0 2/0 2 1 1
E A O 4|0 410 2|10 2/0 2 1 1
v O 6|0 80 2|0 2
1957 D O 6|0 80O 2|0 2
A O 6|0 8|0 2|0 2
O: no significant difference (»: significant difference for P.. ;5

@: significant difference for Po.o
Figure shows the number of samples. V, D and A represent vertebral
counts, dorsal and anal fin ray counts respectively.
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¥, BHESOTFBHEOERLSRINIZL - TRE L (BB 8 %), B, 1956 FEDREREKD By
2o 1 BHIBBEROBEELRV T3,
CABCHOVLTR, A—E, A—AKBRTRESh SOOI IS ORTNEREOFHRECER
FLORLV, C BETIZ 1957 SEREEERD C B TERERIIARENAON MIERIIED
Bisv, B BTIE, A, C AR L VEBREDHDREHNS L,

EEEOHD 1957 FOBREXERD C BIBT 3 7 BRI OWTO 8 DA HERORER
(8 4 %) o, 8 A 20 BOERITHER 46 (2t~ FEF ORFIIHEFROFHEDOE D
DThD, “OBREBIAT DL 8 OOETHER{EMMIERIBD AL LEDT, BEkO

Table 4. Frequency distributions of meristic characters in Ce-group
collected from Tsugaru Strait in 1957

Date e Vertebrae No._ of Mean Mean

" 48 4 45 46 47 | Specimen square
Aug. 20 15 21 4 40 45.725 0.399
Sept. 14 1 8 1 10 45.000 0.200
Sept. 28 1 2 9 30 45.267 0.262.
Oct. 13 1 18 11 30 45.333 0.289
Oct. 23 3 20 7 30 45.133 0.816
Nov. 2 23 7 30 45.233 0.179
Nov. 17 % b 30 45,167 0.139
Date Dorsal fin rays No: of Mean Mean
14 15 16 17 Spectmen Square

Aug. 20 7 29 4 40 14.925 0.269
Sept. 14 1 9 ' 10 14.900 0.090
Sept. 28 4 21 5 30 15.033 0.299
Oct. 13 4 23 3 30 14.967 0.232
Oct. 23 8 21 1 30 14.767 0.246
Nov. 2 4 24 2 30 14.933 0.196
Nov. 17 4 A 2 30 14.933 0.196
Date _ Anal fin rays No: of Mean Mean
16 17 18 19 20 21 22 specimen Square

Aug. 20 5 18 16 1 40 18.825 0.519
Sept. 14 3 3 4 10 18.100 0.690
Sept. 28 8 9 10 3 30 18.267 0.929
Oct. 13 5 13 12 30 18.233 0.512
Oct. 22 | 1 9 8 11 1 ‘ 30 18.067 0.929
Nov. 2 10 11 8 1 30 18.000 0.738
Nov. 17 416 9 1 ‘ 30 18.233 0.512
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HETR ZD 8 F 20 BOBHEBRIALTH S,
FEEOABNDIHEDECBOEBIOWTARD E, ERZABMOAESICHI-oTELNT
Wa, 10 B ToREEISL 11~12 BIzkART 22 L, B B2 10 AIZ&{BohTELT
BRI LRI B, 1956 EORENRD By BT T~8 FJITENRIBOATHSZ
LIs EDEEND, B OFBIIOWT, 1053 ToMEE 11~12 AOBHEHTTER, TAER
BERHHEEOEHEOER L BN TRE L (8 5 2), ZOREND, BEY 10 AXTY

Table 5. Comparison 6f the meristic characters among the samples
within each sub-group

A v . w ' B; B: B;
rea ear
Nov.~ Nov.~ ] Nov.~
Character ~Oct. ’ Dec. | ~Oct Dec. | ~Oct. Dec.
v ® 2|0 2|0 ™ *| O 2
1955 D O 2|0 2|0 1 1| 0O 2
o A O 2|0 2|0 1 1] 0 2
§ v O 2] 0 2|0 810 4|0 686 1
g 1956 D O 2l O 2| O 8! 0O 4| 0O 6 1
& A O 2|0 2|0 810 4|0 5 1
g ,
= v O 2|0 4 O 4 1] 0 2
1957 D O 2 O 4 O 4 1 o 2
A > 2|0 4 O 4 1| 0O 2
, v O 6| O 5 O 8| @ 2* 1*
1955 D @® 6| O b5* O 8| 0O 2 1
A » 6| O b5* » 8| O 2 1
E v 1|0 3 O 2 O 2
g 1956 D 1| O 3 O 2 O 2
E A 1|0 38 o 2 O 2
v O 6| O 2 O 2 1 1
1957 D O 6| 0O 2 O 2 1 1
‘ A O 6| O 2 O 2 1 1
Sub-group B/ B By By” B/ By’
O: no significant difference (»: significant difference for Po.¢s

@: significant difference for Po.o;

* ghows that there exists a significant difference in the total group without
separation into sub-groups. Figures show the number of samples. V, D and
A represent vertebral counts, dorsal and anal fin ray counts respectively.

BT L B4 Shh DTSR O FEECAREDNAL A DD, 108 LETOR
BEOWShaDESMER O P EREDSH 5 LD 8 i (REE¥K:: 1955 4 By; gki: 1955
& By, By, 10 ALATE 11 LSO CENENEREDALNR et 1 Fl GREER
i: 1956 4 B,), BB AT VBEITIIERENADBREM 5, 10 ARTERENT B LH
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Table 6. Total frequency distributions of

Vertebrae Mean Dorsal fin rays
Area | Year | Group N Mean
43 44 45 46 47 squaré | 14 15 16 17
A 2116 75 1 193 | 45.389 0.269 | 16 155 22
B 4 2 14 60 | 45.167 0.272 8 46 6
1955 | B 112 1 T 14 | 45.000 0.143 3 11
G 13135 95 2 245 | 45.351 0.850 | 34176 35
C: 35 559 325 11 930 | 45.336 0.322 | 126 685 118 1
Cs 6 65 30 101 | 45.238 0.300 | 17 75 9
A 9192 82 283 | 45.258 0.255 | 46 202 35
B 33 27 60 | 45.450 0.248 3 50 7
) B,” 5103 50 1 159 | 45.296 0.284 | 24124 11
§ 1956 | B 2 13 5 20 | 45.150 0.328 6 13 1
g G 7 76 52 2 187 | 45.858 0.361 | 27 91 19
§ Ce 1 17238130 4 390 | 45.805 0.335 | 60 287 43
& Cs 12 183 53 198 | 45.207 0.285 | 36 144 17
C, 2 21 15 38 | 45.342 0.330 4 32 2
A 2 74 48 1 | 125 | 45.384 0.285 | 15 92 18
B 4 57 41 1 103 | 45.379 0.332 9 84 10
By’ 5 94 66 2 167 | 45.389 0.322 | 22125 20
1957 | By” 4 4 29 2 79 | 45.367 0.384 9 62 9
C 2 8 5 1 133 | 45.376 0.280 | 17 98 18
C: 6114 40 160 | 45.213 0.242 | 25122 13
Cs 4 34 10 48 | 45.125 0.276 5 40 3
A 127 20 48 | 45.396 0.281 9 32 5
B 6 84 53 143 | 45.829 0.305 | 27102 14
1055 | B 12 8 20 | 45.400 0.240 15 5
C 468 48 120 | 45.867 0.299 | 15 88 14
Ce 7 8 28 118 | 45.178 0.265 | 11 77 21
Cs 2 20 8 30 | 45.200 0.293 321 6
o A 3 4 28 1 % | 45.355 0.334 6 64 6
& B 2 35 15 52 | 45.250 0.264 8 36 8
8 By 2 41 17 60 | 45.250 0.254 8 46 7
E 1956 | Bs” 3 23 17 1 44 | 45.364 0.413 | 11 32 1
C 2 3 17 45 | 45.111 0.188 9 31 5
C: 13 11 24 | 45.458 0.248 22 2
Cs 17 13 30 | 45.438 0.246 3 25 2
A 1 8116 59 184 | 45.266 0.315 | 23143 18
957 | B 3 38 29 70 | 45.371 0.319 8 54 8
B,” 2 27 17 1 47 | 45.862 0.359 | 11 381 5
By 12 22 1 B0 | 45.460 0.328 8 34 8
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meristic characters in the homogeneous groups

ATF: BB o HKEBOAS IFATE

N Mean Mean Anal fin rays N Mean Mean

square | 16 17 18 19 20 21 22 square
198 | 15.081 0.196 1 35101 51 5 193 | 18.124 | 0.544
60 | 14.967 0.232 1 16 28 15 60 | 17.950 0.581
14 | 14.786 0.168 5 6 3 14 | 17.857 0.551
245 | 15.004 0.282 46 108 81 10 245 | 18.225 0.631
930 | 14.994 0.267 6 141 454 287 42 930 | 18.234 0.612
101 | 14.921 0.251 20 59 21 1 101 | 18.080 0.445
283 | 14.961 0.285 4 48151 77 3 283 | 18.095 | 0.532
60 | 15.067 | 0.162 17 88 7 3 60 | 17.933 | 0.5%
159 | 14.918 | 0.218 1 32 92 38 1 159 | 18.006 0.459
20 | 14.750 0.288 3 13 4 20 | 18.050 0.348-
187 | 14.942 0.332 4 15 65 48 5 137 | 18.256 0.657
390 | 14.956 | 0.262 2 55181127 21 3 389 | 18.306 0.680
197 | 14.904 0.260 2 36109 4 3 194 | 18.052 | 0.513
38 | 14.947 0.155 8 20 10 38 | 18.058 0.471
125 | 15.024 | 0.263 1 36 56 32 125 | 17.952 0.574
103 | 15.010 0.184 116 50 35 1 103 | 18.184 0.539
167 | 14.988 0.251 1 41 7 48 4 1 167 | 18.066 0.672
80 | 15.000 | 0.225 19 87 22 2 80 | 18.088 0.605
133 | 15.008 0.263 19 51 59 3 132 | 18.349 0.560
160 | 14.925 0.232 1 3 60 54 6 160 | 18.156 0.732
48 | 14.958 0.165 14 23 10 1 48 | 18.000 0.833
46 | 14.913 0.297 2 8 22 8 1 41 | 17.951 0.681
143 | 14.909 0.278 37 72 32 2 143 | 17.993 0.538
20 | 15.250 0.188 3 11 6 20 | 18.150 0.428
117 | 14.992 0.248 20 65 23 5 113 | 18.115 0.544
109 | 15.092 0.285 19 57 23 3 102 | 18.098 0.520
30 | 15.100 0.290 9 18 7 1 30 | 18.000 | 0.667
76 | 15.000 0.158 12 48 15 1 76 | 18.066 0.404
52 | 15.000 0.308 12 27 12 1 52 | 18.088 0.537
60 | 14.983 0.250 18 82 9 1 60 | 17.883 0.503
44 | 14.773 0.221 1 21 10 2 44 | 18.068 0.654
45 | 14.911 0.303 1 6 23 14 1 45 | 18.178 0.591
24 | 15.083 0.076 3 14 5 2 24 | 18.250 0.604
30 | 14.967 0.166 8 17 4 1 30 | 17.933 0.529
184 | 14.973 0.222 2 43101 37 1 184 | 17.957 | 0.498
70 | 15.000 0.229 17 8 15 3 70 | 18.057 | 0.625
47 | 14.872 0.324 821 15 2 46 | 18.239 0.617
50 | 15.000 0.320 10 81 7 1 49 | 17.980 0.428
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2 10 BRI ODDITHEEENALND L 51757200 2 1 (BRERdgik: 1955 4 B, 1957 4£ B,)
DEODFENHDIENbh b, Znhid 10 AL OBERFIZRED L OIBET 5 8RiE 105
DgfoEk e 11 ALBOBREIZRELARLENDHOT, ZhbiBEEK10Ba2K< 10 B
Do 10 flh 6 flE LHTWw2, —F, 11 fLUBOERIZ W TIERE 1 OBEEKR<
13 #h 1 4] (BkHS: 1955 4 Be) WEBENALNBITTHB, 22V, BOKBTIZILA
MBIz EAR AL 2HH N AB IR TWADIIN LT, 10U TRERDOABRMNBELT
Wah, MARBOIDOLIIRDBENEWEESHRITL S,

Zhilgz, 10 ALETO B B4 B B, 11 ALBEOOE B H#e L, Th¥h B/ By + By,
B « By « By” TEbhd, H 6 FiZ A, B”, C OFBROETHEENEEEEL T L.

b) ROBRY A5 WM LR

A, B, COBBZOWT, TNENEREOHYE > BOM CTHENERICERNALNINE 5
hE PRETRE L (B 7 8. $EMK, WThAhORRE THESECAREORDLZDITEE
kD A B B BEOBREGT, WAk BHOEROERIETLI-TRS, LiL, 28
BN R7-5e, A BE B Broi, By #e C B, C BHE CBEOBTILEBNICE
BRORLNBFENB N,

Table 7. Comparison of the meristic characters between
neighbouring groups in length

Area Year Result
195 | A @ B” OBy G OCG oG
Teugaru | 195 A @B/ @B/ OB O C O C: @ C O G
1957 AGB’"OB"OB" @ C. ® C:. O Cs '
1955 A QOB B"@ Ci @ C: O G
FB“ga 1956 | AOB’OB"@B"@ C @ C: O G
1957 A O Blll O lel O Bg”

QO: no significant difference in any meristic characters
@: significant difference in one meristic character
@: significant difference in two meristic characters

=%, WKED A BE B BHTR 8 £FHXS{ERBEHOhL, HAigHk B O0FH
FITRZERDOBDLNILVHEN B, BAED A Bi21l F BTV L, B OFHT
11~12 A DEHOZLBERBEDONTEY, ThALDEENBED T~ Vi 11~12 A Tl VEELT
Wi (2 X)) ZEMALELNAEESIE, 11~12 ATRIhSORBROSEEEIENERE L TY
%o LA T, BREBOANLID L SIZBEFT 3 L HEIEYOBELR LTS L, X,
B, EREHAOCI T VEBLEVCOZEHETHT L b EIMNEEOESEIIZERNLAbRD LI
FR TR,

ZZTGik, A B BB, B Br G B, C B CBEOMICHENS S H0NHERNE
BOVHEOERITIER LIz,

©)  FKROBET SHOHE

BEEE  HAEBOTABRONIST 2AEMRBIIOWT, AENEROTEHEOEZEY tRET
H#B L7 (8 8 ), MABMTEROALNZDIZ—MOBOTHBNRAT T, WA, Bk
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Table 8.k Comparison of the mean values of meristic characters between
" the corresponding groups in both areas

Year ‘ Area Character Result
[ A B” B Gt C G
V. O O O e O
1955 D, o O o O O
A. o O O O O
F- - A Bl” BB” Cl CZ CB
A B” B B C C C G,
v O ® O 0 ® OO0
1956 D o O 0O O 0o O O
A O O O O O O o
A B” B B C C: G
A Bl” lel BB” Cl 02 Cﬁ
V. O O O O
1957 D. o O O O
A. O O O O
F. A Bl” Bz” B!”
O: no significant difference (»: significant difference for Po.os

@®: significant difference for Po.o;
T and F show Tsugaru Strait and Funka Bay respectively.
V, D and A are the same as in Tables 3 and 5.

BOBEITIIL L BRIED DN, BHEBTHROBEMECOWTADE, A BTIX 3 £HoBEl
HAERIII, B” BT 1956 £ B BERNZ, C BTix 1955 £ C. B, 1956 £ C B
& C: B TAEABOMIZERABDH LI,

41 MO ‘

HETF AT YOBIET ARERFRRCOWT, T A 129 Anb 5 Ailhizass, 12
~1 AXBEROBHTHAE LTHY, - - BBRPREMALERIDLE LTS, HED
B OBTCSVPOEENRON DA, I TRMECHESLALL, BERIT cutting-over
DHELNBHDIT R o7 725, T« HNBERERD 90% SHEERALHEL, £ 1 RENR
DOBEL, BFT 69.5~93.5mm, HFFT 106.4~125.9mm, ¥ 2 REFROARIETHhEN
112.1~129.1mm, 180.5~151.1mm THo & LT\ 5, '

RS LU KEIET AN 5 7 F 49 vy ORELBEOMERE, RN bem DL ZAITH
EHH B, TR ETRESNERIALND, SR Sem B ED DOV TR ZFE TR
AERkDdE,

R=0.0395 L—0.525 ; R: ##F (mm), L: 48 (mm)
2WEShD, BEOHFEEY, SRR OWTHEINABRE (R) 2L L THAXTEE K
Z (1) CHEL, SEOEIZOVT, R, 1 320 L L OBR, BREGOERIHIRINC A~
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——r——r— 5.0
50 May % - R
L and June 40} .
sof ¢ - :
- {1 sof 1
3.0} 4 R J
3 15
2.0 10 2
I 5 8
§
O 50 100 150 &0
g >0 N 5.0 IR B B S B S R T .E
g | - Oct. .oo . g
& 4.0 i a0l o e L g
80 . J
a - R . =
B ol
b 8 3.0} . S
- - i . =
g ® o © A :
0 = . B B 15 §
' A TS T P £
50} 50 100 150 8
[ " Nov. R
40} 4.0} . 1 E
i " R l. 1 &
3.0} 3.0 o g
I B.- B
2.0} i A 110
i jio | 1°
I 1% 50 100 150
Al AT YT y— 110
Body length in mm - Dec. I | h m 15

Fig. 5. Size of ring (r:;) and scale (R), and frequency distribution of the speci-
mens which have no ring on scale
@®:r; O:1r: X: body length of A-, Bi- and Bx-groups

B: #OKIEDOBHEERLL (B 5 XD,

ZOEMNSEHDOBRBEBOBEMIFADE, 5~6 D A B 2 WEG L EREEIDEIR S,
FRENEFHO 1 BEETHY, T AO A BOIREEFR 1 REKTH S, T FIZAbhi: B 8
DBOEENE 2 BEMSDBDITT, THhBIXERTH-72. 8 AL 9 ATIZ, AEL, BEK
A R, BFRO 1 HEECBORBRCHEEBR L DONRY, 8 AELSKRERIHEE S
ZERRLTWD, By BT ERERTH 2281 wELKSRET 5, RFHE1GEBO
IR 246E48H, B, 8 Aid 90~110mm, 9 it 95~115mm TEFE 1 HiEEO LR K
DL, ThEh 14.1%, 12.56% &Lish. ZHIIRET 5 Z & ODHRABHRIZONTDERNSEKD
7fET, B LLIEBROABIOVWTOREEEERT HOTIZWA, HIBEEOHELRTLO
EBZRTEIVTHA 5, B BdERAG L &A1 RwEE, RFE LI KEBORELADNS, 10
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TREBRANBEO BRIV 8 A~9 HEBIIINTW2, 11 B TItEF 1 BBEED A B2
WEAE LTR-, T2, Bi BTIIEFE 1 R TTHEEL BRELL ORE TH D IUEBEE
FBEZLD, ARCE 1 HrBERL T30 30855415, By BT 8~10 RIZAL NIRRT
B 1 BEFIFEIIY, 2EEREETHS, 12 T2 A BIASAT, BB, Bt 1k
EETH5,

BT, A BIIESR 1 B8 (WERREOBRER 100~140 mm), B, B 8~10 FiZIzE
78« XFRD 1 WG L SREAL ORET, 11~12 JICIZMKE, B, B2 8~10 J0IZMF
B 1 wE (WEARROKRY 66~90mm) L EKELDORAT, 11~12 ACHERETHD, =
hii BY #e BY BORHMERCEREDASHIEETHAS 5, B M TOBERTIZERITA
biviev,

5 BBIEOCHEREEBEDGBELEOBNMOTEEM

A7 FATSOWPFTONTIIETORENDH D5 L L, $LEEREE S NE@RIZRL,
B« FORRITITEBROBR THRIBE T2 2 LB L 00D, SENAREI2ESL 512
Ko THbIEHE Y RERMIHL LSV O TR A L BES N TV5.519 19621,  JLkRF - 3k
KB L > THABTHRALNEREROBET S, BAOMETOEEEROIMIEY, Wik
WZBL TORBRBOLN TV 22Tk, HIEOEREMRB L YECHLI AL OBIZHE
HEOTHBHND DM E 5 1%, BEOES, BOMEE L OCETNEE, DR L Thi.

F 2 ROBRMBROMERE 12 ANMICES L7-5H4, B Buz A Bz, C Bz BRIz Ok
E5CBbihd. X, BR Lo, BERMGER « BABAR T8 FEMLBIROBRIEES D
DEABLNDBA, BEEOBHME SN TV51 FOBE, SIUEFALBEO 5 Ahmt TOEEHNTES
Nige LIcAiaT, ZOKBRTOERAKRERBEEIRD DAV T, BERLEL 12 51 5
LT, MWBEOHELL C 0RBY, 11~12 50 B &, Hb, B, B, B B0 12 A%0
BREF2EALRDD L, By BT FEAEEN 12¢m, B #Gi13 11em, By’ 10em, C; 9em,
C: 8em, G Tem, G 5em &5, ZhRRIZROAE | REREOKRIZSYTIEIHSE, B,
B.”, By” BAMIEFA, Ci~C. BHIFFRIL %, L7cAioT, B~By” BTTED A Bz, Ci~
Co BHIBED 10 ABFTD B #, Hb, B/~By B, OHOMKTHD 1 2> B B By, &

A A A A
'56, T [56,F ‘57, T| [57,F
” ’;’ '-_—1‘ —‘-‘z-‘7—2\\
B [ B 7 Y [BOlBILLE
'55.1, T| [55,T| 1___, [56,T[ 56T  |'56,T
_——— L [ l
B;l | ': B; Bl” | B;I a Bu
'55,F| | __, |'s5,F| |66,F| |56, F| ]'s6,F
N e ZE——>x0
Al[A Al [ A
‘56, F| |'66, T '57,F| [67,T

Fig. 6. Comparison of the mean values of the meristic characters
between A- and B”-groups possibly combined
(1[0 shows the significant difference for some meristic characters
1~ shows no signiffcant difference for any meristic characters
T: Tsugaru Strait F: Funka Bay
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D—ERE I BFREMAIH TR %,

ETNT, B'~By BEBED A BLOMOBHNEEOTHEL B L Tail, Bb, BRERK,
WE « BEEEIZOWT, KBRS I UKBEOLEE tRETITo7 (B 6R). ZOBEND,
@ ek - EAEE, A BRALABAO B, B BLZABREIRDLNT, B BHLF
BEADDHZE, @ BEERO A BIEAED B, B B IEEEIL, B BLIERE
BHBHzE, @ BAED A BHIFITL - TRZS, BEEKRD B BEil B B#LAEE S
ZENbhB, @ B BTRED A BLAEREOLLNRLVOE 1966 FEOEENEHRD B B
1957 EOEKED A BE ORI THb, U LEOZEhnd, 11 BUBIZELNS BBEOS, ¢
LT B, By BLBED A BLOMICEHNEEH D EEDOTEEIE LN D,

IHOSORRREAT DL, BEERD A BRIEOREE - MABIALAL B, B B
25, EAEO A BIIRIERAEIALNA B, B BEEITL > TRAHMEDHEBHKO B, B
Bl By BOBRELA DO THEFRENI 20325 (B 7 XD,

Fig. 7. The possible connections be-
tween A- and B”-groups presumed from
A J the estimated increase of length, ring
type on scale and comparison of

meristic characters

%iT, BOWEMD, CBLBED B B BY Ho—#e OMEOTHEIL S/, B OSBL
BEHEAERIC OV TLY LS BA TH—2 A bhiah - L, RITFR 1R OEGIEREEL
BExh, Lad, BEOHEIWISVEL, BIFERCHEE L CHELND-T, S#EMERSE
o TEHTT DITEDERAE . LT, ZITRENDALEEORERIILED 5,

% %

AETFATSORECE L TInis Y OMEN D B9~ T BIZOWTRABIZ L 2ER
WA ANRTIUEIR D IRES 5 2%, E 10em Bl ED DO TIFFREIC L » THix D HEE
LTwB, UL, %37 AT b~6em LicdZ LIZRE—FKL T2,

%z, C BTREFACEHNERIIERIALNT, Ci~C BIEtWLThARDOHTHE L
Pht. Lo T, CORBROBENILEREROEBIITAETNOBRRERTIDOLATINS
5, V5 REOBERABLNEVOT, L% H T 5~6em Lind L E5HMAY CEITY TR
HaHE, WEEEN, C B 4 BLA, C: Bx 6 ALA, C Bz 8 ArA, C.#iz 9 ATH
~10 A LAEE 25, .

HITF AT OBICEST S EMIIKE 16~18°C Ti2T 8 HTH 5. HEEHTOREAK
B (B8H) 242k, 4 T T~9°C THHDOT, BEENE - WAED 4 fOFEEARIE 16°C
TvakviEnl, BASHRIIRTZH 575497 L OEBHOKEDOTR 11°C° L1 dEVE L
B, ZOKEOESNTAEERT 5~8 A, BAET 6~9 AThH-T, 4 FJITIZENRAR
HBE L. RiZ C BAZOKBTENEINADOICHRTIETEE, BUICET 285338
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| P9
)
~ 920 )\{’B
& AN
g ;
<
Tt
£ )
g 15
2 !
2
£
10
: o 1955
o 1956
® 1957

15 L i 4 i 1 1 i L 1 1
J] FMAMIJ J A S O N D Month
Fig. 8. Seasonal change of surface water temperature ‘
off Hakodate (from Ten-day Marine and Meteoro-
logical Reports of the Hakodate
Marine Observatory)

FOBDTRIREDZTHA 5L, EHEOTHIIEIZKREL D, LithiaT, C BizImxk
BTOEBBIERT AL OT D3, C, C BHUIARIC I AFLERY ZEIZANT bR
AL TNRVDT, ZOKBTOENBIHEETIDIOEEL BB, C, BhE 1956 E0RiXEe
RIEHRLIBETHY, BREIZHVA, B 9 A Ta~ 10 A LAT, KiEiE 20~21°C
Th-T, BIUCETZERIN 2 BTHY,™ BIMLLTRS, C BL AR, BoEk
FUZALN 2ABE LIEEX L TELTART TR DV,

EiZ, C BIonT, WEARE 12 A1 H& LTELLSE, TOBREADRITREEL -
2, BT 4 BrAriRIh, BRLTRETH A TFEIEL S, —hit C BORER
B b BT HTh, BANE, 5B SANKBROIOL OREIECLT B, 3L, B
HORRE D » LB LTHHOREL 08 Bk 82 20 LT USIREHE . BIERE,
PHRRICE L T, KBRRELXETNThEEND Y, =2 ClASEK - MAEKBROL O E
A%, B, RAMDBOL 0 LEENBNEAA, RN PETLAEETHS,

B #izovw Ty, #EREEAD BY, By, BY RCEROBABRET A LAmOLN, BOK
B B, BY BOREMORALHEE L, BOWEL ST BY BOARYERCALNAR
ZOBENIHRIL ) » 1o, TZ ThRbhish - BRI H T, B, BY BoOBEIZkT2 &
HROZ LA TWBO0hdahinv,. XT, ZhHOREOBT 11 AMED B~By” #r[H
HeBZONDHOOPIZRELTEY, LT, BOSBROEEHROBRENEBIIZTAEAD
BEETRTHOLHZTEL, 10 AMNICEWT, BEABROBREMBN—FE LD LEALRD,

=79 —



I kK 2 & 8 [xim1, 2

BFRIZET S B/~By BOAREE B/~B” BUIAIERARV LIZFOEDHDECRLL B
Lbi, EEEE TOEBBICEET S LDTERVTHA S,

Eiz, BY, By BUITED A BLETET TS 5. T - MY, o ERY OWE
MERTY, EFERETHS B ~B B, 310 B/~B BOXEFIEFROTHT, BT
1 RBTHDL A BITEMR 1 FRTHY, AT, CEUIRTROTIHT, MKEFRL WBEETH
niz BY & BY BO—EMIKFR 1 FHRTHIHLEELL S

X, REORIE S BECTHRENEREOFEMEY L& LI BE, A BE B, #, B #& C #,
Ci B C B OB KBNERDHZHENEh o7, ZhiE, THhER, ESOE, BFBEL
FEFROMER, BEKBROMRBII—DODERYNSHELDND, B B B.” #, By #t& By B
L O TERAALNDBEDII -0, B UBFHETLALIR LA L 5 REROERH
ZENDZERERTHA 5,

BT, A BHZOWT, 1956 EDKENMO 2 EDBD L P IRENVI LE Az, ZOREEL
L, BRED L CEOMOKEAM ORI, ik 2 GHORSHEOMNESELLIDA, REL
DNTH, T E e ez, BOBRNLIT2 KBNS CHbUAERIR. 22T, A
B OEEDTREOZLIAFED B, BY BORSEEOELS, ABOBRIFEBELET
T HVEBLES LRI ANEMBEE LTEEL .

= o]
1955~ 195748 12 ik b B A TRBI N A F 7 F 47 YBIZOW T, RRMAKEPRERD
BEMIHERS, WHERE, RN, BHAR, BOGBENDEEL, ROBRERB/,

1) ZoOABTRUBICEShEY 7 7F 17 VB, HEESOREEE.AD, A, By B,
Bs, Ci, Cz, Csy, C: @ 8 DB HIT HNLD,

2) EIENIEEENET 5~8 H, WAMET 6~9 ATHY, &L TABIL - TEMTD
N353, Be BOEMT DI LD B

3) WA, A BGONC C ORBIREEZEL TAEOARRTHSA, BOZFHTIII A
HENZ REOABNRET 558050, 11~12 A0 B &, Eb, B, B, B iz Eh ¥
hWABRDABTH D,

4) A BORBRSZENCETR 1 B3 RH-OEET, Bi~C BO2%E B, B BOREIER
BETHD, BY BETITHEFHSIFMFE 1 GEAEH, B BTIIEFR 1 Ak EEERCR
5T B,

5) Zhai, BY, B Bili\ THNHEECEBEEDALND DI - RERTHA 5. By B
Zow ﬂi%@#ﬁ&ﬁx%ciﬁka’ﬁﬂﬁﬁ,ﬁkkwé?ﬁ%ﬁ@%ﬂ)ﬁ&itﬂﬂmbw, Z T THhbivish o oMk
OFERIZHVTREDLDABEL TV 200 bENIR,

8) A~C, DHHEOBEMBOEBIBELRTIOLATLL, 10 HLETIZH T, B, B,
B BOBES:, RERABOBRELN—BELIDDLADLNS,

7 TABROMNIET AHEMRBOEHWEEOFEEY KB 5 &, A, B, B HTIIEK
BEIZERIIADAICD, MOBETIIEC L » TEEROFHEIERENALN,

8) B/, B’ BUIBED ABr LT, CEIIBED BY, BY #o—#e LTHbLN S TEEMN
HBo

9) Ci Cs BiIZDOARTOEIBIHEKT B, C, CBIMAKBRTOESRIHRTHDHO
ERBbh b,
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