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Southward migration of the squid,
Todarodes pacificus STEENSTRUP,
from the southeastern waters of Hokkaido.

Jun NAKATA
Hokkaido Kushiro Fisheries Experimental Station
Hamacho, Kushiro, Hokkaido 085, Japan

The southeastern waters of Hokkaido is one of the major fishing grounds of the squid,
Todarodes pacificus Steenstrup, during summer and autumn. Since the squid moves to south
from this waters, its migration gives a great influence on the catch in both the southwestern Hokkaido
and the northern Honshu districts in autumn. From the viewpoint of catch forecasts, it is important
to clarify the mechanism of its southward migration from this waters.

In this paper, I elucidated the beginning time of southward migration by the tagging experiments,
and considered the mechanism based on such biometric data as growth and maturation.

The results were as follows :

1. There were annual variations in the beginning time of southward migration.

. There were also differences in the mantle length at the time.

2

3. However, the gonad index, maturity and copulation rates were almost constant.
4. Males and females were just about to mature and to be copulated, respectively.
5

5. It was suggested that the maturation of male was an important factor of southward migration.
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Fig. 2. Southward migration of tagged squids from the southeastern waters of
Hokkaido in 1980 and 1981. Left: map showing tagged and released
area (A), and recaptured areas (A, B, C, D). Right: changes in the number
of recaptured squids in respective four areas.
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Fig. 5. Changes in the gonad index of
the squid with growth in 1980
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10¢/L?; GW, gonad weighting;
L, mantle length in cm,
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Environmental changes of Lake Saroma
recorded in sediment cores

Kazuo KIKUCHI*, Yasushi NOZAWA* and
Eiji MATSUMOTO#**

*Hokkaido Abashiri Fisheries Experimental Station
Masuura, Abashiri, Hokkaido 099-31, Japan
**Geological Survey of Japan, Yatabe, Ibaraki 305, Japan

Sediment cores were taken from 4 locations in Lake Saroma on July, 1982. Sedimentation rates
were determined by Pb-210 method. The contents of carbon, nitrogen and sulfur in sediment core
were measured. Then, we revealed the environmental changes recorded in the Lake Saroma sedi-
ment cores. The results are as follows;

(1) All of cores showed marked changes in sedimentation rate at 1930-1945, after which
time the rates changed from lower to higher value. This change may be related to replacement
of lake mouth in A. D. 1929,

(2) The volcanic ash strata were found in sediment cores, the age of which was estimated to
be A. D. 1810 + 20 with Pb-210.

(3) The contents of carbon and nitrogen increases toward the surface in the uppermost 15 cm.
However, the maximum was found below the surface strata. This maximum can be explained by
the change in sedimentation rate after replacement of lake mouth. Surface increasing may be related

to the recent pollution due to the dense culture of scallop in the lake.
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Table 1. The annual yield of cultured
scallop in Lake Saroma.

v TE8 el
1970 2,488 1976 6,579
1971 2,754 1977 9,027
1972 3,740 1978 7,616
1973 4,668 1979 9,309
1974 4,565 1980 6,771
1975 6,618 1981 3,915

Lake mouth 5 oTSK SEA

-3
‘o
st.
(o]
I,

P. Kimuaneppu

Saromabetsu R.

Fig. 1. Location of sampling in Lake Saroma.

Siicoi

i

Second Lake mouth

s ‘Bfutsu

Ti
st4
(<]

1978 4£ 12 A, ##Eo-ERicf 2 #nsBiflshi, £LT, 198048 A, FHMWKCRM -2 751 D
REEIEN L BN, B1981 i, MASRICIEY -1, Ehic, 1982 iiX, W3ERAT 1T 0% O
WL Loz, ZOBEIRH 27 ¥ 1 BHFCE - TERD THRARBIZH 5,

A K EE RS 2SR 2 1T - PO = = O K % 2B &, 1975~1982 4Eic k1) 5 # K COD D1f
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Fig. 2. Profiles of the excess Pb-210 in sediment core
as a function of cumulative weight or depth.
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Table 2. Content of Pb-210 and porosity in the Lake Saroma sediment cores.

Depth

Pb-210

Station (cm) Porosity (dpm g1) {g‘g[;:. ) Remarks
1 0— 2 0.823 7.4240.16 1982
2- 4 0.761 7.82+0.14
-6 0.741 6.61+0.19
6- 8 0.704 6.31+0.11
8-10 0.677 5.62+0.16
1012 0.690 5.6040.11 1969
12— 14 0.680 5.02+0.14
14—16 0.695 5.73+0.12
16—18 0.732 4744017
18—20 0.760 467+0.11
20— 25 0.793 3.71+0.12 1955
2530 0.813 3.49+0.12
3035 0.837 3.01+0.15 1945
35-40 0.812 1.73+0.11
40— 45 0.803 1214013 1915
45—50 0.811 0.87+0.08
50— 55 0.772 0.57+0.06 1860
55—57 0.726 0.52+0.07 volcanic ash
2 0- 2 0.921 14.78+0.23 1982
9- 4 0.871 11.4940.21
i~ 8 0.895 10.2140.24
6- 8 0.885 8.3340.22
8—10 0.850 8.27+0.17
10-12 0.834 7774022 1966
12-14 0.869 7.73+0.18
14-16 0.859 6.11+0.17
1618 0.872 463+0.14
18-20 0.863 479+0.16
20-22 0.889 4.74+0.16 1946
2224 0.880 413+0.15
2426 0.881 3.93+0.17
2628 0.856 3.70+0.15
28— 30 0.845 424+0.15
30-35 0.848 3.4240.13 1927
35— 40 0.837 259+0.11
4045 0.833 1.86+0.10 1iok
4550 0.856 1.14+0.12 4
50—55 0.849 1.0840.12
55— 60 0.841 1.10+0.10
60— 65 0.820 1849
65—70 0.806 0.77+0.07
70-75 0.733 volcanic ash
75— 80 0.837 0.92+0.09
80—83 0.826
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Table 2. (continued)
Station I%em?;)h Porosity ( d;)nt-)n 21_?) ( Q% ) Remarks
3 0— 2 0.931 11.99+0.29 1982
2— 4 0.909 11.57+0.21
P 0.862 10.58+0.24
6— 8 0.842 8.99+0.13
8—10 0.828 8.46+0.18
10-12 0.830 7.09+0.15 156z
12—14 0.804 5.94+0.19
1416 0.828 4.45+0.13
1618 0.850 3.61+0.17
18—20 0.848 3.2340.12
2022 0.843 2.45+0.14 1927
2224 0.827 1.94+0.08
2426 0.816 1.3940.17
26— 28 0.809 1.3240.07
28—30 0.798 1.0740.11
30—35 0.787 0.75+0.08 1570
35—40 0.743 0.35+0.07 volcanic ash
40—-45 0.793
4550 0.769 0.7840.10
50— 55 0.773
55— 60 0.803 0.72+0.10
60— 62 0.803
4 0— 2 0.888 7.55+0.20 1982
2— 4 0.882 7.52+0.15
i— 6 0.853 8.95+0.23
6— 8 0.841 6.50+0.13
8—10 0.827 6.66+0.19
10-12 0.817 5.69+0.11 1968
12-14 0.812 5.80+0.19
14—16 0.809 5.0640.13
16—18 0.814 4.3040.16
18—20 0.803 3.59+0.12
20—22 0.795 3.71+0.17 1950
2224 0.781 2.98+0.10
2426 0.769 3.00+0.13
26— 28 0.807 2.46+0.16
28—30 0.804 2.5140.14
30—35 0.799 2.28+0.15 1930
35— 40 0.760 2.35+0.32
40—45 0.761 1.9040.11
4550 0.789 1.98+0.08
50— 55 0.773 1.6140.12
55— 60 0.754 1.0840.07
60— 65 0.771 0.83+0.10
65— 68 0.765 0.8140.05
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Table 3. Carbon, nitrogen, sulfur and C/N ratio in the Lake Saroma sediment cores.

Sl -3 " N o C/N
1 0- 2 1.82 0.132 13.8
2—- 4 1.81 0.094 19.2
4— 6 1.62 0.125 13.0
6— 8 1.64 0.108 15.2
8—10 1.61 0.111 14.5
10-12 1.65 0.126 13.1
12—-14 1.68 0.130 12.9
14—-16 1.76 0.135 13.0
16—18 1.67 0.138 121
18—20 1.59 0.136 11.7
20-25 1.73 0.144 12.0
25-30 2.36 0.234 10.1
30-35 2.50 0.242 10.3
35-40 2.46 0.233 10.5
40—-45 2.38 0.226 10.5
45-50 212 0.200 10.6
50—55 1.84 0.160 115
55-57 1.50 0.152 9.9
2 0—- 2 2.78 0.318 0.82 8.7
2~ 4 2.55 0.234 1.18 10.9
4— 6 2.19 0.218 1.06 10.0
6— 8 2.05 0.196 1.06 10.4
8—10 2.07 0.191 1.09 10.8
10-12 2.11 0.208 1.06 10.1
12—-14 2.15 0.208 10.3
14—16 2.08 0.202 1.20 10.3
16—18 2.18 0.207 10.5
18—20 2.20 0.212 1.30 10.4
20—-22 2.32 0.239 9.7
22-24 2.34 0.229 1.38 10.2
24-26 247 0.248 9.9
26—28 2.58 0.261 1.45 9.9
28—-30 2.67 0.279 9.6
30-35 277 0.282 1.42 9.8
35—40 2.78 0.277 10.0
40— 45 2.77 0.280 1.31 9.9
45-50 2.78 0.280 9.9
50—55 2.98 0.268 1.56 11.1
55—60 2.60 0.246 10.5
60—65 2.31 0.207 1.32 .
65—70 2.01 0.180 11.2
70-75 1.10 0.120 0.84 9.2
75—-80 2.17 0.198 10.9
80—-83 2.21 0.202 1.40 10.9
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Table 3. (continued)
Station D(en‘:gh C?;g;’“ N “(‘;zfm 5(“;;‘)" C/N
3 0— 2 3.07 0.321 0.69 96
2— 4 2.85 0.294 0.85 9.7
4— 6 2.72 0.281 0.86 9.7
6— 8 2.34 0.234 1.22 10.0
8—10 2.23 0.214 1.27 10.4
10—12 2.08 0.195 1.29 10.7
12—14 2.20 0.205 10.7
14—-16 2.18 0.208 1.42 10.5
16—18 2.33 0.216 10.8
18—-20 2.90 0.272 151 10.7
20-22 3.01 0.274 11.0
22—24 2.95 0.267 1.64 11.0
24-26 2.82 0.255 11.0
26—28 2.80 0.248 1.57 11.3
28—-30 2.72 0.242 11.2
30-35 217 0.182 1.73 11.9
35—40 153 0.128 11.9
40—45 2.09 0.183 1.44 11.4
45-50 2.05 0.171 12.0
50— 55 2.14 0.213 1.84 10.0
55—60 2.46 0.239 10.3
60— 62 2.55 0.247 1.92 10.3
14 0-— 2 3.68 0.383 0.78 9.6
2— 4 3.14 0.337 0.81 9.3
4— 6 297 0.304 0.74 9.8
6— 8 2.69 0.255 0.74 10.5
8-10 2.69 0.255 0.77 10.5
10-12 2.68 0.243 0.78 11.0
12—-14 2.35 0.209 11.2
14—16 2.31 0.209 0.88 11.0
16—18 2.36 0.215 11.0
18—20 2.53 0.226 0.87 11.2
20-22 2.29 0.201 114
22—-24 2.22 0.188 0.80 11.8
24-26 2.08 0.189 11.0
26—28 2.24 0.208 0.91 10.8
28—30 2.21 0.205 10.8
30-35 241 0.221 1.02 10.9
35—-40 2.26 0.191 11.8
40-45 2.38 0.208 0.84 114
45-50 2.55 0.216 11.8
50—55 2.54 0.223 0.87 11.4
55—60 2.65 0.226 0.94 11.7
60—65 2.75 0.229 1.10 12.0
65—68 2.60 0.224 11.6
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IMOAFE T, 50~55 em THFEEE & 72 - 20 T0~T75 cm O KILKBAER Tit, KW HTH -7,

St. 3: JNE S M ORI 0.69~1.92% TH - 1=, ZM TRIEMEL, 60~62 cm OIFES CREGIA AR BR,
SEMNCILEE S Eoin L7z, B 40 em D KINIKBHERIZ, HEAE TS5,

St. 4: SE A HOWBPAIL 0. T4~1. 10% TH - 2o If 6~8 cm TRIEAA, 60~65cm THRAMH B HRIz,

Lk, WERT -3 A0 Tk, £REORSE - BEME Lic St 3 itk Tabhts, St.4 ik
A R ETH - 72

= 3

1. HWEREL SR RRE(L
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HoHHTH S,
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On the estimating method of the blade area in
Laminaria religiosa MIYABE, Oshoro Bay, Hokkaido.

Eiji ABE, Masahiro KAKIUCHI,
Keiji MATSUYAMA and Takashi KANEKO

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

Investigations were made from December 1976 to December 1980 and in June 1983 on seasonal
variations in the growth, especially in the projective blade area of Laminaria religiosa Mivase
collected at the three experimental sites of Oshoro bay, viz., St. 1 & St. 2, the bay head and St.
3, the bay middle. The estimating methods of the blade area in this alga were discussed. Namely,
the relations between the projective blade area and some blade characters such as length, width,
wet weight and length x width were analyzed by use of regressions. The results obtained are
summerized below.

(1) The blade forms varied the lanceolate at the bay head to linear lanceolate at the bay
middle.

(2) The wing area of the blade occupied about 50 to 70% of the blade area in June. And
this time, the areas overlapped by the marginal undulation of blade were 0 to 11% of the blade
area and 1to 7% in average.

(3) The ratios of the projective blade area to the blade lengthx blade width in each station
were more than 0.52; and 0.66 to 0.85 in average, these ratios were comparatively constant at the
sites and in season.

(4) Among the relations between the projective blade area and the other blade characters, the
highest coefficient of correlation was obtained between the projective blade area (A) and the blade
length (L) x blade width (W) on exponential form.

(5) The blade area could be estimated by the following regression formulas with very small
error :

i) Untill the time of the maximum of blade length % blade width
A =0.849 ( LW)0.974- - . -(r = 0. 998)

ii) After that time:
A =0.749 (LW)1.002- - . -(r = 0. 995)

WrHS A 127 (1983911416 H D
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Table 1.

Projective blade area (cm*) and blade length X blade width (cm?)

observed on June 10, 1983.
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Fig. 4. Seasonal variations in the
mean projective blade area
( ) and the mean of blade

length x blade width (:sese)
from 1977 to 1980.

The blade area and other morphological characters

Blade area (cm?) Median fascia area/ Wing area/ (Blade area—projective Blade area/ )

blade area blade area blade area)/blade area (blade length x blade width)
Range Mean Range Mean Range  Mean  Range Mean  Range Mean

St1 6582-20m2 15025 034-040 037 060-066 063 0 -0.09 005 0.73-091 0.81
(3975-2,000.7)  (14294) (0.36-042) (0.39) (058-064) (061) (0.73-087) (0.76)

St2  6300-22488 12146  026-03% 033  061-0.74 067 0.03-0.11 007 0.75-093 0.83
(612.0-2,039.1)  (11252) (020-041) (0.36) (059-0.71) (0.64) (0.71-0.86) 0.77)

St3  5088-1200.0 8071 037-032 043 048-064 057 0 -0 001  0.70-086 0.78
(G088-11579) ( 7978 (037-033) (0.4) (047-083) (036) (0.70-0.83) (0.78)

() :Projective blade area
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Table 2. Correlation coefficient of the linear relation
between the projective blade area and some
morphological characters.

Correlation coefficient

St. 1 St.2 St.3 St.1-5t.3
Blade length 0.910 0915  0.872 0.854
Blade width 0621 0789  0.720 0.741
Blade wet weight 0919 0922 0911 0.927
Blade length x blade width ~ 0.989  0.988  0.991 0.991
Sample size 210 380 522 1,112

Table 3. Seasonal variations in the projective blade area / (blade length x blade

width) from 1976 to 1980. Confidence limits are shown in 95%.

Projective blade area, (blade length x blade width)

St.1 St.2 St.3
Month  Range Mean Co?ggfsnce Range Mean Coﬂfr;gfsnce Range Mean Coﬂfr:g-gme
Dec. 064—096 085 0.04
Jan.  060-078 070 0.06 0.60—098 0.80 0.02 056-0.86 0.73 0.04
Feb. 061-093 075 0.05 0.68—0.85 0.74 0.02 062-096 082 0.02
Mar. 0.63-080 0.70 0.03 052-0.76 0.66 0.02 061-091 0.76 0.03
Apr. 054—083 069 0.03 059-0.84 068 0.03 058-093 0.72 0.03
May 064-082 0.72 0.05 0.56—-089 0.71 0.03 059-094 072 0.03
June 060-096 075 0.03 064—-088 0.77 0.02 062—-090 077 0.02
July  059-089 077 0.03 0.60-093 0.78 0.03 067-09 079 0.02
Aug. 060-092 076 0.03 062-091 0.78 0.02 064-089 079 0.02
Sep. 057-072 071 0.10 0.64—-088 0.76 0.03 0.70-087 0.79 0.03
Oct. 056—-0.74 068 0.05 0.62—-087 0.76 0.02 0.62-090 0.75 0.02
Nov. 063-078 0.70 0.04 0.65-0.80 0.73 0.04 061-083 0.72 0.04
Dec. 057-081 069 0.04 067—086 075 0.03 0.62—-087 0.76 0.03
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A : ¥ (Projective blade area in cm?)
L : ¥ (Blade length in cm)
W : #45 (Blade width in cm)
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LT, #HEOKESICL - T, FEEC GERE xEE) offoHBlFRiR -2 EBHLRBDT, XD
HUCBEER B AN TERAESOF— 2% 5 A £ TL 6 AL (Table 4), ThEhizowTilligE
WP %I, £ORE%L Table5 o Lz, 5 2 TOH T $EmH - (ER <R ) Bofk

Table 4. Data used for the estimate of the blade area.

Bladewith  Bladeleogth X Projective Projective badearea
Stgtion  Sample  Blade length fem) ) blade width (') blade area () biad legthxise widh

mngeManRa:geMeaangeMmRameMmRange Mean

St1 72 32-2490 1293 10-183 88 32-34848 13691 23-25605 9610 0.54-093 0.71

§ St.2 167 91-2080 813 10-213 65 122-334L1 7353 107-2,0977 5031 052-098 073
g St 09 16-2650 766 03-1L1 33 07-24645 4014 06-16400 2888 056-096 017
St1-5t3 58  16-2650 852 03-213 50 07-34848 6303 06-25605 4424 052-098 0.75

S sl 133 54-250 790 37-203 115 £82-40512 9800 201-249L7 7219 0.36-096 073
t$ St2 23 138-1945 635 53-166 104 B55-30926 7279 67.0-219.7 5554 060-0% 017
_g St3 23 95-2180 618 35-171 78 506-27000 5201 319-16600 3976 061-0% 0.17
St1-St3 64 54-2250 666 35-203 97 432-40512 TILI 291-24917 5366 0.56-0.96 0.76
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Table 5. The regression formulas of relation between the
projective blade area and the blade length x blade
width analyzed by exponential regression.

Station Sz‘il;gle Regression formula Sger{f?i?g?tn
St. 1 72 A=0.742(LW)0.993 0.999
§ St. 2 167 A=0.952(LW)"952 0.997
é St. 3 309 A=0.837(LW)0979 0.998
= (st1-st3 548 A=0.849(LW)0o74 0.998
(st 138 A=0.650(LW) 018 0.995
r? St. 2 213 A=0.782(LW)*#97 0.995
g St. 3 213 A=0.766(LW) 000 0.995
" lst1-sts 564 A =0.749(LW)1002 0.995

A : Projective blade area (cm?)
L : Blade length (cm)
W : Blade width (cm)

E# <, KBoMETEC-HAaEZ R L, —, 6 ALUBRO S Tt o fm@ici , SHETL6 A
LA D5 — 212 X B B2l A2 H B4t (Slope  difference : F=28.6, d.f=1, 1108. P<0.001,
Positional difference:F=37.4, d.f=1, 1109. P<0.001),

z 3

RYAQA-TOERRIETHE

—T kY 2 a2 v FREAIERE LRI AR BB EEN E L, HOEmEAF/ETAHVL
X oA TE LR EREE OMcESELS, LaL, CoXREROE LVWBEEICEVWTLNEL,
Landiz b A XOBs, —BORBI-EFTA Y £ 2w 7O, BHO¥ LWBREOHEMELTTH
BEBbhD, fE-T, ¥ 43 v 7 CRREFOHEMALXETDTE LTHVCTLEHEEL 2 2 kv
FEx B, £ LT, Emte R, TE, B, BREROBMGIZ, REHE R < EEOM THBMBIRE
PIERCE S, ERNME ES bR, COMRREFOMELR EME L, EMTIIER < ER
PHHHETEZ S LH L bR, L L, EHERGH THERRZ i A ERROfEEITRHENME, B
ic Fig. 6-Bic b5 I 5 ichiEllic dsit 5/ MO EEOHEE TR & ¥ - 72 Ric s s
H, REOERMOHEHDORTHEY TH -1,

—77, HEMHEE WS < HE0H O MR IENR ST, JEARERET X D & 3 S HBIBRAEES B, HEH
BT 0.6~2,560 cm?® O RO RAER ST 5 EINHED 5 TiLE D AIEICRIFT 5, fhcihfd
W HETR . (R < ) AV EmECH 5, JBoF— 2ot 5EkL, Fig7-Bichbhs X

S, EHEMEFECEREBNYCEES R,

wic, EBC - (a)sk{f > CEFEAOE A OEMEROEEM 4 4tz L 2 5, Table 6 OHEEHER
Bt/ ERRATMO d/b IR Licl 5 icESEGE S 1 © 1 A X8 & RMECIERSE» -1 EHiT,
F— s R EMMARAL B 5 HETL, M T5 6 AUBRC T F#MES 2 LT - g ER i T,
HPGEENL I1-(a) REBLAEE LRV AL, 5 AETL 6 AUMTRE LR S ARAAB LR,
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Table 6. Seasonal variations in the sum of projective blade area
and the sum of blade area estimated from 1976 to 1980.

Station Month a b c d c/b d/b
St.1 Jan. 6 25.8 375 30.3 1.45 1.17(1.28)
Feb. 12 1,938.1 2,685.0 1,969.1 1.39 1.02(1.04)
Mar. 10 4,418.6 6,409.8 4,592.8 1.45 1.04(1.07)
Apr. 25 31,140.8 45,014.2 31,389.0 1.45 1.01(1.05)
May 19 31,666.9 44,431.9 30,811.8 1.40 0.97(1.01)
June 39 58,564.9 79,380.4 60,268.4 1.36 1.03(0.98)
July 20 16,709.6 22,042.4 16,719.2 1.32 1.00(0.96)
Aug. 30 16,817.3 22,804.7 17,286.6 1.36 1.03(0.99)
Sep. 9 2,864.4 4,203.9 3,183.3 147 1.11(1.14)
Oct. 10 1,305.2 1,933.7 1,461.8 1.48 1.12(1.12)
Nov. 10 1,647.7 2,357.5 1,783.1 143 1.08(1.08)
Dec. 20 1,710.3 2,486.3 1,878.2 1.45 1.10(1.11)
St. 2 Jan. 60 3,401.1 4,363.7 3,299.6 1.28 0.97 (0.98)
Feb. 20 3,547.1 4,8419 3,551.6 1.37 1.00(1.03)
Mar. 32 13,951.0 21,344.3 15,247.4 1.53 1.09(1.13)
Apr. 25 24,915.4 37,025.8 25,954.2 1.49 1.04(1.08)
May 30 38,200.0 55,212.9 38,467.0 1.45 1.01(1.05)
June 47 56,275.6 73,672.1 55,910.3 1.31 0.99(0.97)
July 35 22,477.1 29,710.4 22,525.3 1.32 1.00(0.97)
Aug. 46 19,980.1 25,5621.4 19,331.4 1.28 0.97(0.95)
Sep. 20 6,980.7 9,224.4 6,985.2 1.32 1.00(0.98)
Oct. 35 6,400.4 8,458.3 6,397.4 1.32 1.00(0.99)
Nov. 10 3,597.1 4,982.0 3,772.6 1.39 1.05(1.03)
Dec. 20 2,591.4 3,483.8 2,633.1 1.34 1.02(1.02)
St.3 Dec. 47 79.1 100.2 82.9 1.27 1.05(1.03)
Jan. 73 1,763.7 2,397.2 1,851.1 1.36 1.05(1.07)
Feb. 68 7,692.8 9,590.9 7,129.9 1.25 0.93(0.94)
Mar 38 18,368.6 24,936.4 17,819.6 1.36 0.97 (1.00)
Apr 48 38,702.6 55,066.6 38,835.5 1.42 1.00(1.06)
May 35 22,639.6 31,950.4 22,684.1 1.41 1.00(1.04)
June 49 38,280.6 50,941.3 38,633.2 1.33 1.01(0.97)
July 35 16,983.8 21,660.0 16,412.6 1.28 0.97(0.94)
Aug. 44 16,933.3 21,577.1 16,339.8 1.27 0.97(0.95)
Sep. 20 4,319.7 5,593.1 4,231.4 1.30 0.98(0.97)
Oct. 35 5,073.2 6,786.2 5,131.4 1.34 1.01(1.01)
Nov. 10 1,741.6 2,427.4 1,835.8 1.39 1.05(1.05)
Dec. 20 1,360.0 1,804.2 1,362.1 1.33 1.00(1.02)

: Sample size.

: Sum of the projective blade area (cm?).

: Sum of the blade length x blade width (cm?).

: Sum of the blade area (cm?) estimated by formula (I11-1 & 2).

: Sum of the blade area (cm?) estimated by formula (II-a)/sum of the
projective blade area (cm?).

~ o OB
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EmiHEET 284, BAESY, BURcF — 22l LToTAC L THLASEEOERA LT
WAHZ LY, EHiC, TOHEBEIERMSE S iR S5, LirL, hbOhERREOHE
HE~FHTLE, ST LM EShmRR A2 Al ki, ik Z LW 2E2 3,

LB R ER RS R < EEomERE P T, Figs. 8 &9 L Table 5oLz X 5ic, ##%
B LoBFEERERSOGGHBEEE LR, cOF—2icitfix0RELXYLEErS T h TE
b, BBV EGR L ER < EHOMARICHIETERIEDS TIEWLS525, -7, B
MOREECIE, EFHMcBfRe, R < FE L oMES S HhBRBLHVC205858TH D,
oMK EGRD SV RER < FEEOR AN £ TL, ThUBROBOmEOMELX Th TR L1
KAEECGTEONEKTHS,

© DHENISER-FEEORIH (4~6H) T

A=0,849 (LW)0.974...... (I11-1)
r=0.998

@ FERx<EROBAME, EXEIrHETSET

A=0.749 (LW)L.002...... (II1-2)
r=0.995

b Lo Ko EmBHEEEOFEEMEY B 5 28, FMAND ANOEHMOENBEDE (b) &, EAL
Fo 2 I L CHEE Lo O A aHA (d) 35 X U0WEO LR (d/b) % Table 6 125 Lz, HEESH £
HRD Gatiiiy, AMES CEMPBOENMEOEIHIHCIE L, £DOAMNDHEER —T~+1T% T 2 LA
EDWfrE 5 BUHNT, BHERCH LTLRLATRED, MENROERBMIHECHE O RE L BEO
TUTENA & 5\ R THEERETH 5.

Fho, -1, 2580%F - CHEE LAk S & O EHifto A JO IR & #EEii s © 2% Table 7 ic 7%

3000 3000
A
2000 2000 - S
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8 s
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; 8 ...' 2270 : ‘g B .l .
‘g -.- - - g e ol -
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Fig.8. The relation between the projective Fig.9. The relation between the projective

blade area and the blade length x
blade width from December to May.
The exponential regression line is
shown. B is magnified 40 times of
a part of A.

blade area and the blade length x
blade width after June. The expo-
nential regression line is shown. B
is magnified 40 times of a part of A.
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Table 7. Seasonal variations in the ratios of the estimated blade
area to the projective blade area from 1976 to 1980.

Blade area estimated / projective blade area

Month
Range Mean Standard diviation

Dec.—Jan. 0.79-1.41 1.03 +0.14
Feb. 0.80—1.20 0.95 +0.08
Mar. 0.71—1.39 1.02 +0.12
Apr. 0.75—1.28 1.02 +0.11
May 0.76 —1.24 0.99 +0.10
June 0.79-1.26 1.00 +0.08
July 0.80—1.29 0.98 +0.09
Aug. 0.76 —1.26 0.98 +0.09
Sep. 0.76—1.33 1.00 +0.11
Oct. 0.84—1.36 1.03 +0.10
Nov. 0.91-1.25 1.06 +0.08
Dec. 0.87—1.34 1.04 +0.11

L7z, SEMETO HEEME LG 2 0.71~1.41 T, FOHEEERFAEL £0.08~0.14 253 L, FAFcbizh+
SERMED B BENEH SR,

Lk, KRERKEI Y 2 2 v 7OEGROMECH LD SMREMREZREL, TOREECSVTH
Uteht, Sz boRIEF Y 4 2 v 7RSO EHRTTED £ 5 it Lz,

£ #

1976 4 12 A2+ 1980 4125 F T4 X 07 1983 4 6 Hiz, /MEdT 2 OWRE (St 1, 2) Ll
gif (St 3) iCMESAREL, =V 42y FOER, iR, EER, ENKOFHEERETILEL
iz, EmMBROHEEHECOWTBR L, DTFTomRadic,

1. &y A=y 7O, BIEE PR CEU LAY m Licat, R, TS X OEmins,
59T TR e~ K L 5~2f5 Ll Lo fili% s Uiz, SRS TIRIA o i, Byl T o
R LA g WL b G R SN g

2, R oPHER AR MBS h BTN, 6 A OME CHERKDOHS0~T0% Th - =
A%, COROMEMNC X AEEW SO, P11 ~T7 %ol Ech -1,

3. EMGHE & BRI KL & ORI, FRC SR B & BT < EE O M TIERT A HIBIREL (r>0.99)
TR O

4. EMEE CGER < $EE) 10,5200 £ T, FOFEEL0.66~0. 85T, ShiElicE i s B LA, I
WS B LES bR T, FLRAMCLIAELELA LS, AFHENEE Lz r L,

5. FEMHE & WL < IR ORIRL, IhERER BT TR HIBIB R E <, BRI, TER < EMW
ORI E TE, FhUBEORMICHT TRd R L@AT A Lic X h#uESRB bR,

© Sikr SRR < EEORAM (4~6A) ¥ T

A=0.849 (LW)0.974  (r=0.998)
@ R < RO, ERESNETHET
A=0.749 (LW)L.002  (r=0.995)
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Plate I. Habits of Laminaria religiosa Mivase collected
from Oshoro bay.
St. 1& 2: The bay head, St. 3: The bay middle.
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