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On the Life History of Herring, Clupea pallasii Cuvier et Valenciennes,
in the Brackish Lake Notoro, Hokkaido

II. The relationship between land-locked and migratory
herring based on scale analysis

Yasuji Kanno*

Abstract

Ecology of two size groups of the herring in Lake Notoro were investigated
mostly on the bases of scale analysis. Four scale types were discriminated by
differences in scale pattern. The four types (0, L-1, L-2, L-3) in the larger size
group with migratory ecology and one scale type in the smaller size group with
land-locked ecology are shown in Fig. 1.

All scale types were supposed to be from a homogeneous population except
one sample in 1976 of an O type. These are from the results of statistical
analysis in composition of vertebral numbers arranged yearly in each type.

From comparison of body length at the time of ring formation which was
back-calculated from Lee’s formula using distances between the focus and each
ring on the scales, it is evident that every scale type of migratory herring have a
process of rapid growth in a limited stage of ring formation. But not for the land-
locked herring. Furthermore, the growth process before the rapid growth in each
type of migratory herring, is exceedingly similar to that of the land-locked
herring.

The following relationship of each scale type of the migratory and the
land-locked herring were ascertained as a result of comparing the scale patterns,
the growth process and the ecology of habitation or migration: Each type of
the migratory herring immigrates to the sea differing from the land-locked herring
in given stages of the ring formation process, and the rapid growth consequently
attained. Conversely, the resident herring in the lake remaines in dwarfish size even
in the adult stage.
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Table 1. The time of opening and closing of the short
stream toward the sea from Lake Notoro

Year Date opened Date closed
1962 May 11 Oct. 2
1963 May 10 Aug. 30
1964 May 11 Sep. 2
1965 May 8 ) Oct. 20
1966 May 2 Oct. 13
1967 May 6 Sep. 30
1968 May 2 Sep, 8
1969 Apr. 28 Sep. 28
1970 May 7 Dec. 2
1971 Apr. 30 Sep. 8
1972 Early May Sep. 20
1973 Apr. 22 Sep. 24
1974 Apr. 24

1975 Open throughout the year
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Table 2. Frequency distribution of distances between
two consecutive rings of migratory herring
and land-locked herring. Allow lines show
the principal patterns of the ring formation

process.
Distance Migratory herring Land-locked herring
between
rings(gmm) 1y r s [ s v
05 2 30 3 1 7
510 207 226 24(L:3 type) 2 42— 174
1015 191 51 10 3 193 16
1520 32 18 10 4 8
2025 1B X 16 23
25-30 1 1B 7 1 S1L2 type) 1 1
30-35 7 25( 0 typey 1BL1ty0e) 18 7
3540 13 23 8 2%
4045 31 9 3 54
4550 %2 10 104
50-55 192 1 135
5560 142 115
6065 62 19
6570 28 2
075 5
7580 4
20-85
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Fig. 3. Mean vertebral number and 959% confidence lines in year samples of
four scale types.
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Table 3. Vertebral numbers in each scale type of migratory and land-locked herring
arranged as year sample.

Scale type L-1 L-2 (0] Lake

Yertebml
number | 59 53 54 55 56 | 52 53 54 55 56 | 52 53 54 55 56 | 52 53 54 55 56

Year .

|

1973 5 5 3 2 9 2 5 8 1 3 56 104 13
1974 318 36 12 234 4211 924 3 6 149 326 66
1975 715 2 221 6411 12 35 10 1 16 23 6
1976 142 12 23 4 212 6 1
Total 3 31 60 19 4 69 138 28 28 79 20 1|10 221 453 85

Table 4. Variance analysis as to the uniformity of
the mean vertebral numbers in each scale
type arranged as a year’s sample.

Scale type df F
-1 3,109 0.444
L2 3,23 1. 381
0 3,124 3.131*
Lake 2,766 2. 155

* Significant at 5%, level

Table 5. Comparison of mean vertebral numbers between each two amony
four scale types, being t values below diagonal line and variance
ratio F above diagonal line.

Scale type Mean (n) L-1 -2 0 Lake
T
11 53. 841 (113) o 1.219 1.483 1.291
L2 53. 795 (239) 0.593 - 1.216 1.059
o 53. 888 (107) 0.522 1.253 L. 1,149
Lake 53. 797 (769) 0.676 0,086  1.391 .

FHERTE Y 5 PEBCERLE RS, ERBEOEHE L 3 e F—-ERCRET 2 T
B35 EMRINI, DT & IFERMOKHABRESC . OEEHOARNEE Y, BITRE
RPN DHBED 5 ZAMICHBTL T, BFEROEARAZRIBNMEEGE? - TEBINS B
DThH5, 1976 D O & A THEOCEHEEE R HRRI DV TR, 3 5 KHEFT2ED 2 BE
B3, KAKBORBILE 3WNREOBL L BERHOCLREETE T, BED s =
v OEBOBIEE & biT, SRR IN I NXFEREL 255,

3T, EREOEE L HNENEEN R —BERlichRT 2 b0TH 526, FBEHEORIR
b5 50dh, BEROZNFNOBEIT VL2 2 BEPBEL TERINIIOTHSE 5, CO
ARIT DN TERE, ERBEOFEVBEREOZNFNORB CEBONMER2RL 12D THELER
TV B M, KRIKT DRI DD TEHETFOEE 2TV,
EURBIDSIHNEIY 6 OMEIC X - THEU 122 EBZ 6N D3, F—KZOBEREBEIL S DT
b3, HRBEIOBIRAEROTHICAIRR2ERT 30 CE2EIKE Y, 1 KLU 1y rs OREEINE
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1, COEDMEOMARICEALN T IOTIR L, FAED 6 OFBRICE - THEFIh TS5
RHTHEEELLND, LNLEDLEP LMWL TL-2 24 7L L-1 2 4 7 2 HHE» SO
MBI S TEL ZEFERINL S,

35, WM2rRRLNAERBHOSEBEREDD 3BHICOTh bEESRERZERL T30
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Table 6. Comparison of the process of ring formation between 1972 year
class of land-locked herring and L-2 scale type of migratory herring.
Dominant ring group s selected as representative from each sample.

Year ]g;i?::]: Land-locked L-2 scale type Estimated
Season rings Mean-SD (n) Mean-SD (n) age
1973 May o 51.5-5.73(15) yearling

1973 Nov. r 47.6-5.79(39)
7y 9.0-2. 34 (39)
7o 7.9-9.55(39)
1974 May r 51.9-4. 75 (49) 1 year
g 11.4-2.11(49)
0) 6.8-2.28(49)
1974 Nov. r 53.0-5, 98 (28) 54.5-5.17(23)
7y 10.7-2.79(28) 9.9~2.50(23)
73 7.3-0.94.(28) 7.3-2.81(23)
7o 4.6-2.52(28) 27. 8-2.81(23)
1975 May 81 52.9-3.88(24) 54.,2-4. 08 (24) 2 years
' Ty 9.0-2. 32(24) 10.0-2.55(24)
73 6.5-2. 94 (94) 8.1-2.24(24)
) 5.0-2.55(24) 27.3-3.75 24)
1975 Dec. r 57. 5-6. 30 (30)
7y 8.5-2.42(30)
T 7.0-2.40(30)
Ty 98.9-3. 65 (30)
7o 18.0-3.56 (30)
1976 Apr. r 56.5-3, 96 (30) 3 years
T 9.4-9.61(30)
Ty 7.3-2.41(30)
s 24. 9-5.08(30)
) 15. 0-4. 34.(30)
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Fig. 4. Shematic diagram as to the growth and the life cycle of Notoro herring.
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