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Results of the Tagging Experiments of a Common Squidfish,
Todarodes pacificus (STEENSTRUP) made in Off-Shore Area
of the Northern Japan Sea during a Summer Season of 1970,

—An attempt to grouping of the tagged squids by size—

Masatoki TASHIRO, Yoshihiro YAMAGISHI and

Takayuki SUZUUCHI
(Hokkaido Hakodate Fisheries Experimental Station)

Recently many ecological knowledges on a common squidfish have been obtained through

many investigations made in off-shore areas of the Japan Sea, especially from the waters around

the Yamato Bank. In Hokkaido, a systematic investigation has also been carried out by the co-

operation of the Hakodate and the Wakkanai Fisheries Experimental Stations as well as the

Hokkaido Regional Fisheries Research Laboratory for the purpose of making clear the ecological

aspects of their off-shore groups, in the off-shore area of the Northern Japan Sea, since 1969.

The present report dealt with mainly results of the tagging experiments made in July and

August of 1970, in order to search their movement and seasonal migration under a new attempt of

grouping based on their mantle length.

1)

3)

The results obtained are summarized as follows :

From the results of investigations made in the summer seasons of 1969 and 1970, the squids
distributed in the Northern Japan Sea are mainly composed of immature individuals from two
different originations as an autumn-spawning population and a winter-spawning population.
Those two populations are distinguishable from the testis weight index in males as well as the
nidamental gland length in females respectively. In an autumn-spawning population, they have
higher testis weight index values than 20 and longer nidamental gland length than 3 em in
each sex. On the other hand, in a winter-spawning population, they have less index values and
shorter nidamental gland length than those of the former. However, such distinction would be
requied to correct by further studies.

The distributional pattern of both populations is generally correspond with that of the

oceanographic conditions : An autumn-spawning population is mainly distributed in the cold
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water area, while a winter one is mainly distributed in the Tsushima Warm Current area. The
main distributional range of an autumn-spawning population is the waters south from 45°N.
Such difference in their distributional pattern may be due to difference of their main life areas
and of their migration routes.

4

=

In July and August of 1970, the tagging experiments taken place under a way of grouping as

the specimens divide into two groups (large and small) by their mantle length. Of the tagged

squids in July, a small group which with shorter mantle length than 22 cm consisted only of a

winter-spawning population, but in a large group which with a mantle length between 22 cm

and 23 cm, both autumn and winter-spawning populations were intermingled. The most of
larger sized specimens which with longer mantle length than 24 e¢m in a large group was
regarded as an autumn-spawning population. Of which in August, a small group mainly
composed of a winter-spawning population although some of an autumn one were founded, but

a large group mostly consisted of an autumn one.

5) However, in view from the results of recovering, a small group mostly composed of a winter—
spawning population, but a large group mostly composed of an autumn one respectively.

6) Judging from the results of recovering, a winter-spawning population migrates to north or east
in off-shore areas of the Japan Sea, and they reaches to the coast of Hokkaido during the
early of August and the early of September. This is apparently regarded as the feeding
migration. While, the squids recovered in the coast of Tsushima Islands in Nagasaki Pref, are
regarded as members of the spawner.

7) It can be considered that the movement of an autumn-spawning population become to the
spawning migration with progress of their sexual maturity. Their movement tends to be go to
east firstly from the off-shore area, and then go down south from the coast of Hokkaido along
the coastal area of the Japan Sea coast of Honshyu, or else, go down south directly from the
off-shore area as a spawning migration. Such differences found in their migration routes may
be caused by different degree of their sexual maturity and also may be due to greatly the
oceanographic conditions. It is an important subject to make clear, therefore, in the future
that the relationships between the oceanographic conditions and the movement or migration of
a common squidfish in each growth stage.

8) The time at which an autumn-spawning population migrates southward from the Northern

Japan Sea is sufficiently estimated as from the end of August to the early of September.
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Table 1. Numbers of the tagged and the measured specimens of a common squid fish in each
station.
(Investigated by Hakodate Fisheries Experimental Station in July and August, 1970)

Date of | Location Gy = L g::;?fé dof. E:i;&fé =
Tagging - - Lat. N. ‘ Long. E. Large | Small ffﬁg;r;%rg m gﬁeiiﬁegzck
Total l ] \ 4,750 | 850 400 725
7.17 1 42-00.0' | 138-01.2 250 70 50 64
7.17 4 42-00.0' | 136-40.8' | 2,000 200 50 100
7.18 7 42-00.0' | 135-20.4' 500 100 50 | 100
7.19 9 42-00.0' | 134-26.8' 200 30 50 61
7.20 11 43-00.0' | 135-00.0' 400 100 50 100
7.23 17 43-00.0' | 137-44.4' 500 150 50 100
7.24 27 44-00.0' | 137-53.1" 400 100 50 100
7.21 30 4-00.0' | 136-30.0 500 100 50 100
Total l | 5,99 819 350 500
8.26 1 42-00.0' | 138-01.2 250 250 100 100
8.27 4 42-00.0' | 136-40.8' 600 72 | 50 100
8.28 17 43-00.0' | 137-44.4' 650 150 ‘ 50 100
8.29 20 43-00.0° | 139-06.6' 150 300 | 50 100
8.30 21 44-00.0' | 140-39.3 50 5 50 50
8.31 24 44-00.0' | 139-16.2 299 £2 50 | 50
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Fig. 5-A. Frequency distribution of an autumn-spawning population in
July, 1970. (in %)
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Fig. 5-B. Frequency distribution of an autumn-spawning population in
August, 1970, (in %)
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Fig. 6-A. Movement of tagged squids. (released in July, 1970.)
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Fig. 6-B. Movement of tagged squids. (released in August, 1970.)
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Relative Growth of the Tanner Crab (Chionectes opilio) in the
Okhotsk Sea and its Difference in Two Fishing Grounds,

Yasuji KANNO
(Hokkaido Abashiri Fisheries Experimental Station)

The ontogenetic relative growth of the merpus length of five ambulatory legs, the width of
six abdominal segments, a distance between the external ridges of orbits to the carapace width,
and the body weight-carapace width relation in the tanner crab which caught in the Okhotsk Sea
were studied by means of the allometric formula y=&x* and also differences of the allometric
lines between populations caught in two separated fishing grounds were analized in use of statis-
tical method

The results obtained are summarized as follows :

1) Relative growth of the five meropodites to the carapace width.
Male : A critical point was observed on the allometric line of the merpus of five ambu
latory legs ; that is, the chelate leg showed an isauxesis and a tachyauxesis, but other four
ambulatory legs showed a bradysuxesis in the 1st and the 2nd stages respectively. The value
of equilibrium constant £ is the highest in the chelate leg and it decrease from the anterior
leg to the posterior ones in order.
Female : The allometry of five ambulatory legs showed a bradyauxesis without a critical point.
The value of equilibrium constant k is the highest in the chelate leg and it decrease from the
anterior leg to the posterior ones too.

2) Relative growth of the width of six abdominal segments to the carapace width.
Male : The critical point of allometry was observed at the 2nd, the 3rd, the 4th and the 5th
abdominal segments, and the carapace width at the critical point was 56 mm, and in the Ist
and the 2nd stages, they showed a tachyauxesis and an isauxesis in all cases. The allometry
showed a bradyauxesis and an isauxesis in the lst and the 6th abdominal segments respectively.
Female : The allometry of every abdominal segments had a critical point in 56 mm of the
carapace width, and it was a tachyauxesis in the Ist stage, but an isauxesis in the 2nd stage.
Assuming that the critical points of the abdominal segments are closely related to the process
of their sexual maturity. It can also be estimated that the carapace width at the time of sexual
maturity is about 56 mm in both male and female.

’ﬁi&é A73
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3) Relative growth of a distance between external ridges of orbits to the carapace width.
In male, the allometry showed two separate lines with a critical point at 100 mm of the carapace
width, and representing a bradyauxesis in the 1st stage and an isauxesis in the 2nd stage, In
female, it showed a bradyauxesis without a critical point.

4) Body weight-carapace width relation.
In both male and female, the relation between the body weight and the carapace width showed
two regression lines in logarithms with a critical point at 56 mm of the carapace width, and its
relation can be express as following formulas :

) W=0.00145 x L2-806 (immature specimens)
s E W=0.00304 x L3043 (mature specimens)

Fermale W=0.00146 x L.2.78 (immature specimens)
W=0.00430 x .3 88 (mature specimens)

5) Differences of the relative growth between the populations in two fishing grounds were exami-
ned by means of the covariance analysis. Significant differences of the allometric lines were
recognized in the 1st abdominal segment in the slope, and in five ambulatory legs and in the
1st, the 4th and the 5th abdominal segments in the position of the lines respectively. From the
available data on their life cycle as well as movement of the tanner crab, it should be consid-
ered that these differences are caused by different environmental conditions rather than by

the discrepancy of subpopulations

i B
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Fig. 1. Relative growth of five meropodites to the carapace width in male.
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Table 1. Equilibrium constant £ and another constant log & in the allometric formula
y=bx* where y and x are length of body parts and carapace width

(male)
Body parts Stage g}g‘g‘“‘:‘:‘ of k log &
Chelate leg 1st 34 1.000+0.047 —0.380 isauxesis
2nd o7 1.254+0.060 —0.711 tachyauxesis
2nd ambulatory leg 1st 34 0.954+0.033 0.022 bradyauxesis
2nd 27 1.078+0.060 —0.149 isauxesis
3rd ambulatory leg 1st 34 0.935+0.037 0.080 bradyauxesis
2nd 27 0.993+0.085 0.017 isauxesis
4th ambulatory leg 1st 34 0.885+0.035 0.128 bradyauxesis
Znd 27 1.062+0.132 —0.175 isauxesis
5th ambulatory leg 1st 34 0.785+0.051 0.110 bradyauxesis
2nd 27 1.062=0.101 —=0.370 isauxesis
1st abdominal segment 61 0.898+0.020 —0.590 bradyauxesis
2nd abdominal segment 1st 34 1.054+0.028 —0.708 tachyauxesis
2nd 27 0.918+0.067 —0.441 isauxesis
3rd abdominal segment 1st 34 1.132+0.030 —0.780 tachyauxesis
2nd 27 0.939+0.058 —0.421 isauxesis
4th abdominal segment 1st 34 1.101+0.027 —0.655 tachyauxesis
2nd 27 0.953+0.057 —0.369 isauxesis
5th abdominal segment 1st 34 1.141+0.026 —0.683 tachyauxesis
2nd 27 0.953+0.047 —0.349 isauxesis
6th abdominal segment 61 1.026+0.018 —0.548 isauxesis
Distance between orbits 1st 45 0.746+0.017 —0.119 bradyauxesis
2nd 16 0.924+0.119 —0.222 isauxesis
Body weight-carapace Ist . 34 2.806+0.069 —3.161
width relation 2nd 27 3.043+0.138 —3.483

SEREEYTFT, choSHERREOREERVThOBHICEH VLT M2 0 F&E K (Equilibrium
constant) DftiAi 1 $H X b &L (Table 1),

M HEE R D VThb 1 AORRRERIC L - TEbERSHREY T, HEREO FEERDfEzH
s TR #E< (0.972), EFOSHICBAIC LA THKETL, #5EMics V- TR EVH
(0.781) %1 (Fig. 2, Table 2),
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HE:82, H3, W4, W5 BERoENEHBRCERArED LR (Fig 3, EBLOMEXVTHD
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B EENR AR, 56 AN LRETH S (Table 1),
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¥ & 52 o g T M A Lo ou, BIAOTEE LR L D I URBIIC A Lo ki
IBH, TOXREZLTHAROMBE,»LETTAERLEA Lo | lE &5 2 lEc, 2FTiiL
1-ONE3I, T4, FS5MHTHOF6MIICIRZLALHEASNRGR TV (Fig. 4, T ligbis
OFE P TCEREELARTISHARTXTAR LD TH S,
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Fig. 2. Relative growth of five meropodites to the carapace width in female.

Table 2. Equilibrium constant 2 and another constant log & in the allometric formula
y=>bz* where y and x are length of body parts and carapace width

width relation

(female)
Body parts Stage iz?:r?:i; of k log &

Chelate leg 51 0.927+0.022 —0.319 bradyauxesis

2nd ambulatory leg 51 0.914+0.025 0.049 bradyauxesis

3rd ambulatory leg 51 0.895+0.024 0.105 bradyauxesis

4th ambulatory leg 51 0.856+0.029 0.134 bradyauxesis

5th ambulatory leg 51 0.781+0.034 0.090 bradyauxesis

1st abdominal segment 1st 36 1.127+0.045 —0.766 tachyauxesis
2nd 15 0.953+0.160 =0.272 isauxesis

2nd ahdominal segment 1st 36 1.321+£0.035 —0.922 tachyauxesis
2nd 15 1.0324:0.167 —0.253 isauxesis

3rd abdominal segment 1st 36 1.344+0.038 —0.926 tachyauxesis
2nd 15 0.9764+0.149 —-0.128 isauxesis

4th abdominal segment 1st 36 1.322+0.034 —0.888 tachyauxesis
2nd 15 0.984+0.153 —0.175 isauxesis

5th abdominal segment 1st 36 1.247+0.036 -0.797 tachyauxesis
2nd 15 0.91340.148 —=0.118 isauxesis

6th abdominal segment 1st 36 1.20940.034 —=0.750 tachyauxesis
2nd 15 0.859:+£0.131 —0.094 isauxesis

Distance between orbits 51 0.719+0.018 0.153 bradyauxesis

‘Body weight—carapace 1st 36 2.782+0.109 —3.165

2nd 15 3.08840.324 —3.634
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Fig. 4. Relative growth of six abdominal segments to the carapace width in female.
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Table 3.

Test of significant difference by the covariance analysis for the slope and position

of allometric lines between populations in two fishing grounds (the east coast of
southern Saghalien, and the off-shore of Monbetsu in Hokkaido) in 1970

Body parts (to

Number of Two constants

Slope Positional

carapace width) Araa specimen k log b dif{ﬁgsjance d]ff((a%?nce

Chelate leg Monbetsu 63 1.244 —0.690 1.63 6:57*
East saghalien 46 1.146 —0.473

2nd ambulatory leg Monbetsu 63 1.047  —0.056 1.29 20.04%**
East saghalien 46 0.978 0.064

3rd ambulatory leg Monbetsu 62 0.976 0.089 2511 18.74%%
East saghalien 46 0.937 0.157

4th ambulatory leg Monbetsu 61 0.957 0.078 1.33 £3.50%%
East saghalien 44 0.902 0.167

5th ambulatory leg Monhetsu 62 0.954 —0.125 2.69 6.75*
East saghalien 46 0.849 0.084

1st abdominal segment Monbetsu 63 0.754 —0.286 4.60% 11.09%*
East saghalien 46 0.845 —0.478

2nd abdominal segment  Monbetsu 63 0.908 —0.421 0.00 § N I
East saghalien 46 0.913 —0.435

3rd abdominal segment Monbetsu 63 0.915 —0.376 1.48 2.09
East saghalien 46 0.953 —0.446

4th abdominal segment Monbetsu 63 0.877 —0.218 1.71 597"
East saghalien 46 0.928 —0.315

5th abdominal segment  Monbetsu 63 0.891 —0.227 1.36 5.50%
East saghalien 46 0.907 —0.253

6th abdominal segment Monbetsu 63 0.885 —0.264 1.05 0.00
East saghalien 46 0.921 —0.341

Distance between orbits Monbetsu 63 0.867 —0.107 1.88 0.94
East saghalien 45 0.849 —0.066

Body weight-carapace Monbetsu 63 3.181 =3.761 1.31 0.01

width relation East saghalien 46 3.074 —3.549

*  Significant at the 5% level
*% Significant at the 1% level

Table 4. Two fishing grounds in where the difference of relative growth of samples was tested

Name of fishing ground Losation Date of capture Method of capture
Lat. Long.

Southern Saghalien A7°45' 145°15' 70-9-14 crab-trap

Off-shore of Monbetsu 45°26' 143°50° T0-11-14 crab—trap

difference) CixFIE—& 1 PEEICHEED D bhfEon#% (Positional difference) Tt FiEicH+ 5 45
L s 8 FAL (B, 2520, 3 0, 2400, 55 0, 501 AT, 40, S5 IEE)
FEENSRD Bhiz, PR T 25RO LRE T, 280 $Ho MBI BERHOERID BT
B HHEORDLRICE | WHOEHEE & O FNIEE (A=0.754) I b A SRR (2=0.845) o F
B E RO ALE BN S W TR EED At < SHII R R < 4 AR & 3 KA e L TR TS
BED AR
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Table 5. Correlation coefficients matrix between 15 morphometric measurements of male tanner
crab caught in Okhotsk Sea, upper and lower values than the diagonal show those of
the 1st and the 2nd stages respectively
1 : Carapace length 2 :Carapace width 3 : Body weight 4 :length of chelate leg
5 : length of 2nd ambulatory leg 6 : length of 3rd ambulatory leg 7 : length of 4th
ambulatory leg 8 :length of 5th ambulatory leg 9 : length of 1st abdominal segment
10 : length of 2nd abdominal segment 11 :length of 3rd abdominal segment 12:
length of 4th abdominal segment 13 : length of 5th abdominal segment 14 : length of
6th abdominal segment 15 : Distance between orbits

Ist stage

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0.997 0.967 0.988 0.993 0.989 0.990 0.975 0.977 0.993 0.993 0.992 0.991 0.993 0.993
0.997 0.960 0.987 0.996 0.992 0.993 0.978 0.984 0.995 0.995 0.996 0.996 0.997 0.997
0.977 0.975 0.976 0.965 0.948 0.956 0.944 0.948 0.964 0.958 0.960 0.954 0.948 0.955
0.990 0.991 0.982 0.989 0.979 0.983 0.967 0.972 0.989 0.985 0.985 0.982 0.980 0.984
0.988 0.991 0.975 0.990 0.995 0.995 0.979 0.982 0.993 0.994 0.995 0.993 0.992 0.990
0.968 0.973 0.933 0.955 0.978 0.996 0.981 0.980 0.991 0.993 0.991 0.989 0.991 0.985
0.961 0.962 0.939 0.953 0.972 0.962 0.984 0.980 0.991 0.992 0.994 0.990 0.989 0.986
0.971 0.975 0.955 0.970 0.983 0.966 0.964 0.966 0.976 0.970 0.974 0.974 0.977 0.968
0.982 0.988 0.967 0.982 0.983 0.957 0.955 0.973 0.986 0.982 0.986 0.984 0.984 0.980
0.983 0.986 0.969 0.981 0.985 0.965 0.966 0.975 0.987 0.992 0.994 0.992 0.993 0.992
0.984 0.987 0.970 0.985 0.988 0.961 0.965 0.978 0.985 (.99 0.995 0.995 0.994 0.993
0.987 0.989 0.968 0.979 0.984 0.958 0.961 0.976 0.988 0.992 0.994 0.996 0.995 0.994
0.988 0.991 0.974 0.985 0.988 0.967 0.969 0.974 0.986 0.995 0.995 0.994 0.997 0.994
0.988 0.991 0.973 0.983 0.985 0.965 0.961 0.974 0.989 0.991 0.990 0.992 0.994 0.995
0.996 0.996 0.978 0.989 0.990 0.974 0.963 0.973 0.981 0.981 0.982 0.983 0.988 0.987
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Table 6. Correlation coefficients matrix between 17 morphometric measurements of male tanner
crab caught in Okhotsk Sea, upper and lower values than the diagonal show those of
the 1st and the 2nd stages respectively
1: Carapace length 2 : Carapace width 3 : Body weight 4 :length of chelate leg
5 : length of 2nd ambulatory leg 6 : length of 3rd ambulatory leg 7 : length of 4th
ambulatory leg 8 :length of 5th ambulatory leg 9 :length of 1st abdominal segment
10 : length of 2nd abdominal segment 11 :length of 3rd abdominal segment 12:
length of 4th abdominal segment 13 : length of 5th abdominal segment 14 : length of
6th abdominal segment 15 : Distance between orbits 16 : External eggs weight 17:
Internal eggs weight

1st stage

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

0.996 0.887 0.990 0.991 0.988 0.977 0.975 0.984 0.989 0.993 0.993 0.991 0.989 0.990
0.995 0.898 0.993 0.995 0.994 0.984 0.981 0.990 0.994 0.995 0.996 0.996 0.996 0.990
0.985 0.988 0.903 0.903 0.893 0.879 0.882 0.929 0.924 0.921 0.924 0.924 0.917 0.869
0.968 0.971 0.977 0.994 0.992 0.984 0.980 0.983 0.986 0.989 0.992 0.993 0.994 0.986
0.939 0.957 0.949 0.954 0.996 0.985 0.984 0.988 0.990 0.992 0.992 0.995 0.995 0.986
0.925 0.942 0.931 0.902 0.942 0.985 0.984 0.984 0.989 0.990 0.990 0.992 0.994 0.989
0.950 0.961 0.948 0.949 0.992 0.941 0.986 0.982 0.978 0.976 0.977 0.981 0.983 0.985
0.933 0.944 0.908 0.918 0.963 0.926 0.974 0.976 0.976 0.997 0.975 0.978 0.979 0.983
0.967 0.969 0.973 0.950 0.937 0.931 0.948 0.926 0.993 0.991 0.991 0.992 0.988 0.977
0.975 0.965 0.965 0.944 0.921 0.901 0.932 0.905 0.961 0.997 0.997 0.995 0.991 0.979
0.968 0.961 0.953 0.928 0.926 0.911 0.937 0.914 0.947 0.992 0.998 0.995 0.991 0.984
0.977 0.967 0.947 0.928 0.926 0.899 0.936 0.929 0.946 0.984 0.990 0.998 0.995 0.983
0.978 0.971 0.968 0.940 0.935 0.915 0.942 0.911 0.960 0.990 0.987 0.984 0.997 0.984
0.966 0.968 0.965 0.940 0.948 0.941 0.953 0.916 0.959 0.969 0.971 0.961 0.990 0.986
0.963 0.944 0.938 0.918 0.880 0.892 0.892 0.886 0.938 0.968 0.966 0.964 0.956 0.922
0.585 0.525 0.596 0.556 0.521 0.402 0.495 0.415 0.494 0.530 0.500 0.514 0.541 0.480 0.500
0.582 0.569 0.651 0.655 0.551 0.422 0.527 0.439 0.571 0.553 0.479 0.482 0.548 0.513 0.501 0.869
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Some Notes on the Methods of Estimation of the Standing
Crop and Analysis of the Community of Laminaria.

Shigeki TORII, Yoshiaki SANBONSUGA**, Eiji ABE***, Takashi FUNANO***,
Masao ISHIKAWA*** Keiji KUDO***, Shigeru SASAKI *#**
Masahiro KAKIUCHI **¥*¥** and Takashi KANEKQ*##*#¥

(Hokkaido Hakodate Fisheries Experimental Station)

#* (Hokkaido Regional Fisheries Research Laboratory,
##% (Hokkaido Central Fisheries Experimental Station)
##=% (Hokkaido Kushiro Fisheries Experimental Station)
#ssxt (Hokkaido Abashiri Fisheries Experimental Station)
#wsas (Hokkaido Wakkanai Fisheries Experimental Station)

This investigation was carried out on the Laminaria beds in Usu Bay, Iburi Prov. Hokkaido,
in July of 1970, based on an Uniformity Trial. The surveyed area (50 x 80 meters) was subdivided
into 160 sections with 5 meters square (Fig. 2), and the necessary data were obtained from the
samples collected by SUCUBA diving.

The results obtained are summarized as follows :

1) Laminaria japonica was widely distributed in the surveyed area, and the frequency of this
species was the highest among whole species of sea-weeds and attained to 66.17%.

2) The intarspecific competition between Laminaria japonica and other species was examined
by the frequency index and also by degrees of overlapping in the distribution of them, but actualy
it was not so clear in this area.

3) The relations between some meristic characters such as the blade-length and the blade-
width, the blade-length and the blade-weight, the blade-width and the blade-area, and the blade-
area and the blade-weight etc. were analyvzed by use of regressions. The results were shown in
Fig. 8-Fig. 11.
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4) To estimate the standing crop of Laminaria with high accuracy, it is necessary to take a
large amount of samplings (more than 1,2%).
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Fig. 1. The detailed map of Usu Bay. The arrow indicates location of Usu
Bay and the dotted line indicates one meter depth contours.
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Table 1. Frequency of the whole species in the surveyed areas

Name of species I
Chlorophyta
Ulva pertusa 99
Cladophora spp. 3
Bryopsis plumosa 2
Phaeophyta
Desmarestia viridis L 1
Punctaria lati folia % 6
Colpomenia bullosa 1
Chorda filum 4
Laminaria japonica 106
L. yendoana 3
Costaria costata 20
Undaria pinnatifida 34
Sargassum spp. 25
Rhodophyta
Hyalosiphonia caespitosa 25
Neodilsea yendoana 27
Glacilaria verrucosa 8
G. textorii 2
Gymnogongrus flabelli formis 11
Tichocarpus crinitus 2
Rhodoglossum japonicum 6
Chondrus yendoi 15
Ch. pinnulatus 27
Chrysymenia wrightii 3
Rhodymenia pertusa 4
Rh. palmata 14
Ptilota pectinata 10
Ceramium japonica 8
C. kondoi 5
Laingia pacifica 4
Acrosorium yendoi 1
Polysiphonia spp. 3
Symphyocladia latiuscula 17
Zostera marina 52

0.6
3.8
0.6
2.5
66.3
1.9
12.5
21.3
15.6

15.6
16.9
5.0
1.3
6.9
1.3
3.8
9.4
16.9
1.9
2.5
8.8
6.3
5.0
3-1
2.9
0.6
1.9
10.6

32.5

I

0.9
b7
0.9
3.8
100.
2.8
18.9
32.0
23.6

23.6
25.5
7.6
1.9
10.4
1.9
5.7
14.2
25.5
2.8
3.8
13.2
9.4
7.6
4.7
3.8
0.9
2.8
6.0

49.1

-l

FEHOEE®EE O

FEEFPEHOODODEREMOO>0>0N

=

I ; Number of sections
I ; Frequency (%)
II ; Frequency ratio (%)

IV ; Frequency index according to Raunkiaer’s method
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Blade-length (in m)
o

0.1 02 03 0.4

Blade-width (in m)

Fig. 8. The relation between the blade-
length and the blade-width.
The calculated regression lines
are also shown.

s G- 10 B0 20 B2 -0 A

Fig. 7. Density of Laminaria japonica in each
blade length group.
A ; Shorter than 1 meter in length.
B ; Between 1 and 2 meter in length.
C ; Longer than 2 meter in length.
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Fig. 10. The relation between the blade- Fig. 11. The relation between the blade-
weight and the blade-width. weight and the blade-area.
The calculated regression lines The calculated regression lines
are also shown. are also shown.
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Fig. 12. Frequency distribution histograms of Laminaria japonica in percentage.
The histogram were drawn based upon data on all plants collected from the
whole surveyed area in three grouping units.

A ; Grouping unmits of 10 cm in length.
B ; Grouping units of 20 ¢m in length.
C ; Grouping units of 50 c¢m in length.



Percentage

1

Ti
:

P
’;[
]
]

02%

= v 7 OB RHEES: S LU 2 2, =0l

- 0.8%

M
T

04%

100

h

"

Blade length (in cm‘l

50

00 150

200

250 300

Blade length iin cm)

Fig. 13. Frequency distribution histogram of Laminaria japonica in percentage.
The histograms were drawn from the data by various sampling ratio.
Grouping units are the same with Fig. 12.

1 i mm v
8 0.2 6.12 49
16 0.4 8.18 131
24 0.6 | 12.20 273
32 0.8 16.62 340
40 1.0 14.0 560
48 1.2 11.25 540
56 1.4 10.05 563
64 1.6 13.04 835
72 1.8 11.13 802
80 2.0 11.20 896
88 2.2 10.34 910
9 2.4 10.70 1028
104 2.6 10.87 1131

I ; Number of quardrats
I ; Number of plants per unit area

24.480
32.720
48.800
42.480
56.000
45.000
40.200
53.600
44.500
44.800
41.360
42.800
43.480

Table 2. Sampling rate and estimated standing crop of Laminaria japonica

Confidence intervals of means

41

ky (95%) kg (99%)

6.12+6.65 6.12+9.33
B.18+4.56 8.18+6.40
12.70+3.60 12.20+5.06
10.62+3.05 10.62+4.28
14.0 £2.58 | 14.0 +=3.63
11.25+2.28 11.25+3.20
10.05£2.07 10.05+2.91
13.04+1.86 13.04+2.62
11.13+1.68 11.134:2.35
11.2041.58 11.20+2.13
10.34+1.364 10.34+1.91
10.7 +£1.21 1257 #1171
10.87+1.05 10.87+1.48

II ; Sampling rate (%)
IV ; Total number of plants of each sampling rate

V ; Estimated number of plants
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Table 3. Results of x2-test of percentage length-frequency
histograms with various sampling rate.

. ~ Probability (%)

Sampling | ——— 5 - —
rate (%) A (10 cm) B (20 em) C (50 em)

0.2 < 0.01 0.03 0.11

0.4 0.04 0.10 0.26

0.6 0.73 0.53 0.39

0.8 0.93 0.65 0.42

1.0 0.99 0.86 0.70

1.2 > 0.99 0.99 0.80
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Sporogenesis in Laminaria japonica var. ochotensis OKAMURA,
Takashi KANEKO

(Hokkaido Wakkanai Fisheries Experimental Station)

In the present paper, the results of nuclear divisions during the zoospore formation of Lami-
naria japonica var. ochotensis OKAMURA which was collected at Wakkanai, Hokkaido, on Sep-
tember 29, 1970, are described.

The number of chromosome was clearly counted as n=22 at diakinesis and early metaphase in
the first nuclear division as well as at metaphase in the second nuclear division of the sporangia
respectively. This number is the same with those of Laminaria japonica (Abe, 1939), L. angus—-
tata (Nishibayashi and Inoh, 1956), L. diabolica (Yabu, 1958) among seven Japanese species of
Laminaria, as shown in Table 1. Within a zoosporangium, 32 zoospores are formed as a results

of five successive nuclear division.

# i

V¥ Y27 (Laminaria japonica var. ochotensis OKAMURA) (3db#iEio BARIRE 3 X Udh—
Y PR CIA L ST A4, ToXEMIREAT, IR - (s odtiEEltin R TH 5. Kl
At R PR RICET 5 <=2 v 7 (L. japonica ARESCH.) I\ CRENFBL T hERMIZE
BHirfich s,

AHic it 5 2 v 7 B OMBFAITI I Abe (39) 23w = v TR HEE LTHIRL, #ETOREO
BB BT ebh, TORGERIL n=22 THBH LG L0 BRI TH D, £OH Nishibayashi
& Inoh ('56), # ('58), Yabu ('65a, ’65 b), Ohmori ('67) i k » THFE Ve 2, BEET6 M1 Ao
WTREARSAEEEZA TS (Table 1),

iR RMoORE,. LoUvERMEYAS LCoRETFREELGRAN, AHE2 v TERHE
POV TR, RETELATebhTuW ity fsidic v, SEEERY ¥ ) 2 v 70l TROERE
IVETOBOBTHEABEL, REAEZRETLILNTEZ-0T, TORRLEET 5,

A A BT D, RO S I - bl E K EF SRR I RO L ) B#oEYEL
¥3, AU 3 » AMTHED1-H19704E10A 1 Ha 612028 Bich W Tl AR EF iR S v
BRK BRI iR I B T o BTSSR O~ TH 5, TR ZOMRDOEESY S 2 bhi-BFAfnc
B LET,

GRS ATS
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Table 1. Chromosome counts of Japanese species of Laminaria
reported by previous authors.

Species Chromosome number Author

Laminaria japonica N=ca, 22 Abe (1939)

L. angustata N=22 Nishibayashi and Inoh (1956)
L. diabolica N=22 Yabu (1958)

L. angustata var. longissima N=30 Yabu (1965 a)

L. yezoensis N=ca. 30 Yabu (1965 b)

L. longipedalis N=ca. 30 Ohmori (1967)

L. yendoana | N=ca. 30 Ohmori (1967)

HHEFE

AT oM EIL19706E 9 A29RIRHENTCRIEL 22 L 4EH U & ) 2 v 7, HRHMREHIHICH
BECHFLRED, BKOA STy FORICES LT ¥, FH11E B XA O | BroRic #Ehz /it
CHEER T - 7o FEE#IL Yabu (64) 12 & » Cait S hi-HEKH T, TOQFETLOMEY TH5S,

al 2% osmic acid 5.0 ml.
2% chromic acid 70.0 ml.
Gracial acetic acid 2.5ml.
Sea water 30.0ml.

b) 40% formalin
a), b) WA MERERNIC2 © 1 0D AWGTRE L THV Tz, FEHHIRIZIME L, 7 v 37— b ofFl
12477 4 VIR XD 3~6p OUHE(ED, BEEIL-AAKOBMEETAIE, 10%:8fEKFK THI128
[Ty PR TF v~ VYR~ b &Y Y viEIT ko ke,

& 2

) Y 2 v 7 OHETERE, —ic BRI R AR HIEE x LTRSS h, £25C
ZOBEIR EROHICIES o T o HEUZEH O 5 LIkl EEO—fO X HH S h b XA R EEkD
MEICHER IS X oiciks,

HAETEOHEOMIMIZ 1 FEHE 240 2 v 7 CRETRL S BNTOBRBICE VLTI, HEETEFI
15EA=2 v 7RI EMGLBIZEH AT TESLNEA, 2EH2 Y 7 TRT AbH ZA0 LB
AT O NATFTHISAECREETORNETE-TLE OB EATH 5. AL cEETREFILRE
ax2+5,

EETERILEETRE T A FEEL W24 EDED, ChHLOEBOEFIEBICHEShTEL
2 v 7REHohom s IERETED. Tihobb, EoRkHiay & EmT-ET R TR L B oX)
2 HoMlicrmh s (PL L, Figs. A & B, KEVARNOMAIL MY D, 2 THEEL -Hifllan 57
Bll%Lics, Cofidiacisl BofklEr#Esbh, BRI BEHoviR2BoCrBEshi:,
¥, HRHAOREFTUOKE, SMH 54k LIXLIEMES A (PL 1, Fig. E; PL V, Fig.
B, Co X 5cE @ bisafilkicowTit, F# = v 7 (L. angustata var. longissima, Yabu, '65 a),
F~o 37 (L. yezoensis, Yabu, 65h), 3 X0'=v & =27 (L yendoana, Ohmori, '67) CH# =
RTWB, filARoMmECEE, fiARLAROMIHENTESL L5iICiks, TOH, ZoRBICHE - THl
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SO HIREAVE UC L 525, 45T C ol & Il ocREs BRI T, Zo%ERik1
HoMlaE 7ch, ChABEVIETRETS D, el fofkibEE 1 ~SEoHEO faHElls LURE
TEIEN S E w5 (PLIL Figs. A-D), COZAH0BORERIIN40aTHY, Bacitl AEiik2
oI h, 2 MO FOM34.6~6.0%0HETHET 5 (Table 2, Zo k572 @24

Table 2. Frequency in appearance of two nucleoli in a sporangial
nucleus of Laminaria japonica var. ochotensis.

Plants One nucleolus Two nucleoli Frequency (%)
|
A 124 6 4.6
B 41 2 4.7
c 47 3 6.0

THR AR OECFETEC OV TiE, o= v 7EES» B LS5 TR D, Ohmori (67) i Xiui, &
OYEEE A * =2 w7 (L. longipedalis) Ti135.0%, ¥4 v av7 (L. angustata) C6.4%, =~ F
YRV TR59%THEHEREL TV, LOFERAMLEERETHD, HkEETRaoL R
o THREC AT S R2HL, BRI oERMc#E RO IhaPROPEEABLIRS X 5iciss (PL
11, Fig. E); AT oREEHITAL s LA R shzaike i LAHRC D, B Rfrxh
LAl R EHEL, BHNO—EE o TA— T HBRTH. & o HrESTHE
(Pl 11, Figs. F-H; PL V, Figs. A-C), £O@EYutakIIEEAICIES > TR LA -7 v ALY~
Afihets b, BPEADES S OGS B A % S hs (PL 1, Fig. I; PL 1V, Figs. C &
E), COBIC/ s & BT E SR s ht, CRAZ I LML I RO IhD, RHT
HRIRC IR o To BRI AT CH L 7 B L ABFCIEE L TL B0 74 7 F 4 ¥ AO@Hic i & My
ClOROERBEINDS, BT AT R v AT, o EiEs A SRR TH B, Thi Y, V.1
hofmkr@zzah, o oMo ifakr i s o aieE (PLIL Figs. I-M; PL IV,
Figs. F & I\, Zo¥@@udAdls = v 7@ e, ToopifirgiZsh w261 EHED S
<32 v 7 (Abe, 39), 3 ¥ A v =2 v 7 (Nishibayashi & Inoh, '56) 7z U+ = =2 v 7 (L. diabolica, Oh-
mori, 67) ORtaERE —BT 5, T4 T EF Y ACIIEBUREE AL WET D PllicAD L LR
AL, BEEce2fE o R il T &, oo kil Sk TH b BB ER
#|UT Efepr o7 (PL 11 Fig. N; PL IV, Figs. ] & K)o ST, PL IL Fig. O ic&bh s
X5t THEET A0S FhICldbhic, L LE0% < sl LicgR EBTIL, 36
iz T R THEGINE B L, #i#Ed iR bht ol T O Ui LSRR S i Bk
@ xhicy (PL I, Figs. P & Q; PL IV, Fig. M),

B A S & RO ERRFTRCEE L 14 5 (PL 111, Fig. A; PL IV, Fig. N), &iilicdfaffiri
274 h, 2 HoMEA R SR, B BOEE LOCHHET S (PL 111, Fig. B),

B2 ai RS ETH D, H1oHNoRTEES ST b, % O R4Ex b - ok ricis
Bo W2 O 2 oORKIRANC T TS, CORRAHILABLUBLFRETHL, ColHOPTH
2 02(H O Y kA 1 @AM X 7. (PL 111, Figs. C-F; PL 1V, Figs. O & P), Zoilifies 20l
DEGHTHBE GBI T T 5,

52 BT BT, £oB3oBS AR Tobh, HETEMICIII2MEDME LB SRS
(PL. 111, Figs. G-J; PL V, Fig. C), #7253, H45HOPHT24 2 WROERETRETSC &
HeES

1645 0] O W T- W13 F DIE S (T HIRE Lo Bp il S huthed, 328X 2 o JEIEHL & HICRY
Wi bk & 7s B (PL I, Figs. I & J),
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BAHORTE, HETEACILEREEI TR TOREML, 1T 0K EEL, K\ CHllaE
REORMIZEE D, Zhbx L b E L 5EMVELBLR, #1EE 1 OHFEEHREE B 532
DWFETHTEHN Do BEA LI HAETRE 70x104 THB,

Ohmori (67) i% = v 7 Qi) D% { D2\l T O S L OS2 v TR TRy,
2 v 7 B Ok TEHOEAITA, C, LO32oRitbns s L, = v 7EMD 1 AxkE,
FREAN 2 7 X, EfrofiasrEEofs s kb, Tl TR L s D /hERA T L
WETRCRBETHLEZAHD L WET 5 L Lz, AfELTRO L BT 5 Z LA bhititoTes

= #

1 V> =y 7 olkE FEROBEME 20 Tisbh, Soi 1 SARRIBSHTH S,

2 BEGHR THRY| &4 E 3 EoMEe 5 ENMTIobh, ETOME | Mok T 2ok T
BEREh 5,

3 FEoORMOMEIL n=22 TH5,

x [
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Plate I. Laminaria japonica var. ochotensis OKAMURA

Fig. A. Part of a blade with vegitative meristoderm

Fig. B. Part of a blade, showing a row of two celled sporangial daughter cells
resulting of the division of the meristoderm

Figs. C & D. Young sporangial sori and paraphyses

Fig. E. Part of a blade with sporangial sori and ahnormal multicellular paraphyses.

49
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Plate II. Laminaria japonica var. ochotensis OKAMURA
Nuclear division in zoosporangium.

Figs. A-D. Resting stage (C & D. showing two nucleoli in the nuclear cavity)
Figs. E-H. Synapsis Fig. 1. Spireme Figs. J-L. Diakinesis
Figs. M-P. Metaphase (M & N. Polar view of metaphase)
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Plate IIl. Laminaria japonica var. ochotensis OKAMURA
Nuclear division in zoosporangium,

Fig. A. Anaphase Fig. B. Two nuclei stage Figs. C-E. Second meiotic division
(C & D. Metaphase, E. Anaphase) Fig. F. Four nuclei stage Fig. G. Metaphase
of the third division Fig. H. Metaphase of the fourth division Fig. I. Sixteen
nuclei stage Fig. J. Thirty-two nuclei stage



44

et "1l

Plate IV. Laminaria japonica var. achotensis OKAMURA
Nuclear division in zoosporangium

Figs, A-C. Synapsis Figs. D-E. Spireme

Figs. F-1. Diakinesis (H & 1. Showing the same nucleus in different forcus)
Figs. J- M. Metaphase (M. Side view) Fig. N. Anaphase

Figs. O & P. Metaphase of the second division

Fig. Q. Metaphase of the third division (All figures are x 2100)
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Plate V. Laminaria japonica var. ochotensis OKAMURA

Fig. A. Young sporangial sori and paraphyses
Fig. B. Part of a blade with sporangia and abnormal, multicellular paraphyses
Fig. C. Mature sporangial sori and paraphyses

(Figs. A and C are x 1220; Fig. B is x 680
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Morphological Observations on the Veliger Larvae of

a Scallop, Patinopecten vyessoensis (Jay).

Kuniyoshi MARU

(Saroma Branch, Abashiri Fisheries Experimental Station)

The identification of the veliger larvae of a scallop, P. yessoensis in the plankton samples

would be important greatly for the fisheries investigators in order to predict the spatfalls as well

as to do efficient seed—collection of this scallop.

In the present study, the microscopic morphological observations were made on both the ex-

ternal and the internal structures of the veliger larvae of this species. The materials used in this

ohservation were collected from a lagoon (Lake Saroma) located in the northeastern part of

Hokkaido, during a period from 7th to 26th in June, 1971, by the vertical hauls of a plankton tow-

net (0.094 mm in mesh size).

1§}

a)

The morphological characteristics of the larvae observed are summarized as follows :
Observation of the prodissoconch shell

The developmental stages of the larvae can be classified into the following four stages in view-
point of the umbonal prominence as a D-shaped, an early umbo, an umbo, and a full-grown
stages respectively. The frequency distribution of larva in every developmental stages and the
measurement of shell were indicated in Table 1 and Plate 1.

The relation between the shell length and its height was formularized as H=1.091.—41.19 (Fig.
1), and the former is always larger than the latter throughout the larval stages.

The D-shaped veliger shell (prodissoconch 1) is 107.1+6.4 g in length and 82.3+5.6 ain
height.

The width of left side’s shell valve is somewhat larger than that of the right side one (Fig. 2),
but the shape of two valves are almost symmetrical. Therefore, the larval shell can be regar-
ded as an equivalve.

The provincular teeth which situated at the extremities of both thick provinculum are rectan-

gular in shape and increase its number according to growth of the body (Table 1, Plate 11).

Soft parts of the larvae
D-shaped stage : Velum is well developed and covers greater part of the all organs. Anterior

adductor muscle appears in the anterior margin (Fig. 3-1). Soft part is purple-yellow in colour.

*WAkS A76
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b) Early umbo stage: Labial palp becomes slightly visible (Fig. 3-2).

¢) Umbo stage : Posterior adductor muscle is visible. Two adductors are blackish yellow colou-
red. Labial palp becomes longer. Foot becomes to develop. Gills are slightly visible [Fig.
$-3L

d) Full-grown stage : An eye spot appears. Intestine is coiling. Foot is perfectly developed
(Fig. 3-5). Digestive diverticulum is yellowish brown in colour.

AR B T H A ORI ER BT EP AR > TETW AL, TORBLLTRRRECSWT &
B EER TR oI EREATA R THH Z L ) EFThicw. Lo, &M _tHEFE
WAENBIEL TV AT, w2 FHAEYRINTEL - ENDETHD,, AFEF 2 74 1 OFMFEE
EDOWTIRART (1949), JUA (1964) OFFEAHHA, HilT (veliger) DEOBREFHRBEIIC oW T
FObk - Rt (1964) ©p#EhA:, [Hdr (1958) o #ifEHE Lic B 2 852 5 04T, DED BHRH
BB B2 TG TR )

EFr e = BT A R 2 74 1 BRI oW, PINREE Bk 23R 130 ¢ O HRIIDASh
A HRSHEE TOREBRE LT -7 b2 X ) EEOBEEREL ) HAEL THACL 2 MDA
BEAEE L b O TR VWO TR RO ARSI ERshitug, wE 7 a1 gERED—B Eish
EETH S,

KPR BT 0, LD R I - 7o R T E I LA AR e BT 5o E fefidin
BEs oW T ZHR G e At e ok U BRE  B R R E RIS o R R T 5.

mHELAEE

BZHEHZI9TIAE6 BT H L D 6 A26H £ Tofl), +e<#RIEENET XX 13 75y 2t vay v %
v, BECFRCI>TERL-LOTH S, FEERZFESL <) Y THEEDHE, =127 rExy b T
REFHAEOLEFIY B, 8E, RESAIIEL @, BB A BT 5 dREshE X Dk
EGEC Eh0F > THATERBR LU R 7 o #9178 5 foo SEEO BB KRR ¥ — S RCyE
AN, WEEEERLCERISTRYME, ) e ) vE) — FRBL, MEYEEL TR0

BRLER

L 4 %8 % &

1. BRHBEE

FETHAEORGEE A IHEL LT - & L & Hbh 2R AOI, £ il RS
PHAODRERBCEGTH ENTED, 2FICARHRMEOKBIC > TR T %0

a) DA (D-shaped stage)

C OFE R E R LTI X 0T 5 L8 D A YT 540 Z 2 TiEdR 1304 HEosER
T TeDTIEDAN & Lico SEDBEFRE (hinge line) Loy Liz0RMA L, 72ETH (umbo)
DOBIITAR SR TcV e BIBEV @ B DTRE LT 50, BlEASE TIHESR %08 <, Bl
AR e~ (BT, 91 ~31KD),

b) WEEZIERE (Early umbo stage)

RSN ORERINC A SR 2RO R AT TR LR R A D o Ao ik
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Table 1. External features of prodissoconch shell.

Shell length Frequency (in %) | e o (SL/sH) | No. No. of
p — individuals |provincular
(#) I D { Ui | Us \ F [ Range Mean | measured |teeth
130-139 | 100 1.13-1.18 1.16 6 2
140-149 100 1.15-1.21 1.18 10 2-3
150-159 65 35 1.14-1.25 1.20 20 2-3
160-169 18 82 1.14-1.24 1.18 22 3
170-179 100 1.13-1.22 1.18 18 3
180-189 | 80 20 1.09-1.22 1.16 14 34
190-199 55 45 1.08-1.17 1.14 11 3-4
200-209 17 83 1.11-1.16 1.12 6 3-4
210-219 100 1.07-1.16 1.11 24 3-4
220-229 100 1.06-1.13 1.10 19 34
230-239 83 17 1.07-1.15 1.11 18 4
240-249 | 54 46 1.04-1.11 1.09 13 4-5
250-259 | 33 67 1.03-1.10 | 1.07 9 5
260-269 7 93 1.04-1.13 | 1.07 | 14 56
270-279 100 1.05-1.09 | 1.07 10 56
280-285 100 | 1.6 | 1.06 1 56

Note D : D-shaped larva SL : Shell length

Uy : Early umbo larva SH : Shell height
Ug : Umbo larva
F : Full-grown larva

FREAAOFA, THLLEEDBCH-TABRE L 5icih, BRAZNIM L D 0 BE L b KL
td (HERI, F4~6H),

c) RIE# (Umbo stage)

BRECEHZNETFRTE CERS L 5105, FEELLERRZALRV. FRATINNE b b 26
ELTHskE BT, BAMCEL s (FRT, $F7E),

d) B (Full-grown stage)

C OB R HI A U TR & T E BRI TRz B 4 b, RIEOBINTE L A h FLIUR & e Do B
R RS e ) MR E IR TR T I AT ¥ TR LRI T, FoBIMBICE e
5 (KRRRI, 578, 9[),

PEDKFCiE->THE 130 n k) 285 ¥ COYLECO VW THELERYRTE N1 ED X Sici
D, ZAXEILIKHFTSL, DEY K 1504 X b/, FMFRTER 150~190 &, BT 190~240 g,
B 240 p X D kETeD, SHEORETHE LB ADRMGERRE 285 0 TH-Top8, BECBEK
DHDIL 310 p HPEI A TS, ° < TIR AT OLEERE 250~280 p THFICASH, HEH
BT RO MG EIRERE 400~500 ¢ T, % ik 300~350 o ioie B LT B LGS (LA 1964),
ZOEHICMHBAHOAZTXAMEBERE . CIIRL -T2, 2O LRFEREO R IC LD L
Bbh, —#ckBARBGBACIIMAAERS B Thbhalfifss5 w5 (lk 1971),

2. BREBEEOME

TEHAEORFREC SV TR, —RCRESARE L D AT CBEESEET 5% BTz 0BG
DL O, THIRETR ETHEOME HIET 20 bMbh T3 (FE 1962), &2 745 1 &k
oW TRRICHT AREORRERDLONE 1 RTH S, chickd s, BEEDIC R TS
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Fig. 1. Relation between shell length and
shell height.

BAMA LTI AN DR DM, 2Dz &ixs
O E L THESCc kW TiTebhTuwa 2
ExRLTWA,

¥R L & ORIV BRI 5T,
H=1.00L—41.19 oplgificrih ($11),
2T A g TR AN L Tohic i o st
BEXbbkE,

3. B

o RECRRERCIGRIRO TG &,
& D BETICH » TRC RO B Z £ ic
iR E p S 5. COBIRO VWIS D
551 FR (first prodissoconch) otz %410 T,
O K EZI20EEDORTETILEE 107.146.4 4,
B 82.3£5.6 4 THoto
ZOfEIRILA (1971) D LTV SEE 724 &
M58 u AL RE L, CoERI KT
Nk O AR MO RBBREL E, ABI FEEEE S
DEWZLADTIRWhEELhS,

DECERELRE WA LWETHEH 2O L 5D, chbicow TREESORKES, h
XD IR E AR TR, AR EAEERY L, BEEGHKTHE . MEORKIEON
ETRERDERLD ARG REVWL I THEN, PEOfEMBELEEOGhERCL > ThEAELE L
<, EilfifeflzRkbiiicn, LOLAKT (1946) dESAfck~kEvo bt v BE LTv5, —
Jiv Heh (1956) 1@ L uEREHOM T dni m@Z L v <, REOREH LM EATETH LA,
R CBHDEHRBC AR T B ERNES bRV OT, B TRERTHDIEL S5, 2DLD
ZH 2D PR CRERERVAEYNTH S Libh, FHEOMNCTAFORIEY HATRER LS, L
A LURACRARPERL Y SBATWHOT, @AM - Tk b, ook 55/

1 2
Fig. 2. Lateral views of larval shell.
1. Shell length (SL), 137 u ; shell height (SH), 114 # : shell width
(SW), 67 pu (left valve (Iv), 37 & : right valve (rv), 30 p).
SL, 180 ; SH, 152 ; SW, 80 (lv, 45 ; rv, 35).
SL, 200 ; SH, 185 ; SW, 99 (lv, 53 ; rv, 46).
SL, 241 ; SH, 220 ; SW, 124 (lv, 66 ; rv, 58).

B e

3 4
(The left part is the left side valve)
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Fig. 3. Diagrammatic figures showing the inner structure.

—

D-shaped larva, shell length 150 g, shell height 127 .
Early umbo-stage larva, 183 x 153 u.

Umbo-stage larva, 204 x 178 p1.

Early full-grown larva, 239 x 224 .

Full-grown larva, 279 x 249 p.

S S

A, anus ; AA, anterior adductor muscle ; DD, digestive diverticulum ;
ES, eye spot ; F, foot ; G, gill ; I, intestine ; LP, labial palp ;

Ma, mantle ; Mo, mouth ; PA, posterior adductor muscle ; R, rectum ;
U, umbo ; V, velum.

PEBRHLPIZT HULENB S,

4. # & W

Jergensen (1946) 13 =K Hghid: o #riic b Ltk (hinge apparatus) ©JgBIZ & <iziFH L, Rees (1950)
XD L » TEHEE AT T B, 2 77 1 SEDOHECIIbOBEREIC RS h 5 X 5 7efiggi
(lateral hinge system) {372 <, (RFEHRO M Sh84H (provinculum) 23 A B b ShEH O TR RO
BZ A Ui ik o h# i (provincular tooth) & [ & » 7ol B i35 B4 E VT A
T\ho DREMO L O Tt 2 2 fTHoH, PRI ES L 3EEaD, BECAD L4
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muscle) 23 fFfET 5,

REE TR o g fic g (labial palp) 2322 bh 2 AT, DA LizkEhLEL
HIhbhigl o

B e 5 L e #EH3h (posterior adductor muscle) 2 8H-h, Wiz E L, 2 (foot) #i%8
HLIZUD, # (gl) B@R» b5 X510l d,

B T AT 240 4 T it B b, BRSO EADCiiR 5 e MRS (eye spot) A8
o BixX<FE#EL, W (ntestine) AFH BRI S L Hi1Ticd o KM ICE » T EOBEHFITIsL T HIRA
HLTWBDT, ChxlBHBAD —o0FfiL T3 b3 TE L 5, &2 T HASEIRREUNE O K
BT TRETE ORI 2T 545 UK (1964) I LhudHAEMS i  FIFARIAGEEL, #
HBHOZELVWRENILLES L5,

BAToaBIz AL L TREEREYET L2, H{ELF#E (digestive diverticulum) fE—3iZ il a5
<o PARARIZRE S AU
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Plate L

Developmental stages of prodissoconch larva

Fig. 1. D-shaped larva, shell length 135 z, shell height 115

Fig. 2. The same, 145x125n

Fig. 3. The same, 158x135 u

Fig. 4. Early umbo-stage larva, 170 x 155 a.
Fig. 5. The same, 190 x 168 pu

Fig. 6. The same, 205x175 u,

Fig. 7. Umbo-stage larva, 228 x 205 u.

Fig. 8. Full-grown larva, 252x 228 u.

Fig. 9. The same, 270 x 268 u.

Fig. 10. Just settled spat, 290x 272 u

Fig. 11. Settled spat, 390 x 348, j”'m!'n.\u( onch shell, 280 x 265 pu.
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Plate II.
Enlargement of the umbonal area of both valves in view from internal
and external sides. (RV-Right side valve : LV-Left side valve ;
A-Anterior ; P-Posterior)

Fig. 1. Shell length 140 g, shell height 115 u.
Fig. 2. 160x132 p.
Fig. 3. 180x152 p.
Fig. 4. 215x193 u.
Fig. 5. 241%220 a,
Fig. 6. 264244 p.
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Feeding Behavior of the Starfishes to the Bivalves.
Kenji ARIMA, Shinji HAMAYA** and Yoichi MIYAKAWA***

(Hokkaido Hakodate Fisheries Experimental Station)
**Soya Junior High School, Wakkanai)
***Sawara Town Office)

We have observed the feeding behavior of starfishes to small bivalves which hidden into the
substrata in the tanks in our laboratory, in order to prove the actual activity of starfishes as a
noxious predator to bivalves in field, as an important problem in the artificial propagation of bival-
ves,

The experiment were carried out in the following way : at first, several specimens of a bival-
ve (Tapes japonica) were fixed out at some different depthes as baits in two kinds of substrata
(sand grains with 320 to 720 micron and gravels with 3 to 5 mm in diameter respectively) under
four different water temperature conditions, next, three species of starfishes (35 individuals of As-
terias amurensis with 3.0 to 18.0 cm in arm length ; 14 of Distolasterias nipon with 6.5 to 20.0
em, and 13 of Asterina pectinifera with 3.0 to 6.5 cm were used) put into the tanks, and their
preying abilities were tested. And also, the hidding depth of three species of bivalves were ob-
served in connection with starfishes’ predation.

The results obtained are as follows :

1) The starfishes show real feeding action within a range of water temperature from 5°C to 25°C,
and the feeding activity is the maximum between 10°C and 20°C. Many of the large specimens
of Asterias amurensis and Distolasterias nipon (with longer arm than 15 cm) died at 25°C,
especially it was remarkable in the latter species. But, Asterina pectinifer never shown such
feeding activity as digging under any conditions.

2) The relations between the arm length and the digging depth of Asterias amurensis and Disto-
lasterias nipon were shown in Fig. 2 and Fig. 3. In the former species, digging ability did
not increase even in larger individuals with longer arm than 10 cm.

3) In general, the feeding activity of starfishes is higher in gravel bottom than in sandy bottom,
but there is no distinct differences between them in Asterias amurensis.

4) Judging from the relation between the hidding depth of bivalves and the digging depth of
starfishes observed in the present experiment, a possible mortality of bivalves by predation of
starfishes can be assumed as 30 to 50% in Spisula sachalensis (8.5 to 12.5 cm in shell length),

BT ATT
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40 to 80% in Peronidia venulosa (4.0 to 10.0 cm in shell length), and 87.0 to 100% in Mactra
carneopicta (4.0 to 8.5 cm in shell length) respectively.

b FEANAE, SEZHBYHATACLRERI VAL TS D, 193RIz WT, b+ F
NARELT, BBO =7 Y, 7H IR EOHARRIC A EEL S 2l LERRRRTH S,

e P FEO KA oL TIZEE L OfEsH D, Mead (1901), Galtsoff & (1939), E# (1938),
A (1953), HIFE (1954, '56) , Hatanaka & (1958), Feder (1959), Wells (1961), Kim (1969) ki
KOS F L EREMICE T, & b 7 8 ofli-ehlifitizcoun €, Sawano b (1932) Schiemenz
(1896), Pain (1926), Lavoie (1956) Bk H¥# T % L EOFTEicoLTHEL TV 5,

L LEEOHIZHA L T 5 SRR fou T 25 fefTliic 2\ Tk, Smith (1960) 2% Pisaster bre-
vispins IOWTHE LIcEAH B30T, AR AiT3 e F FTHICOLTOREIZE > 72<{ K.
EELREEONMMMAED LCAFEREOMEO—~ALLT, L rFHIZIAAEL L VBT TELY,
STRILEERRIZ L - LA WHIC ST 2=@0 e FFHICoWT, EHCBAL TWA 2B HIRATS
HATHOEELXY LTS HIV T - S0RE» T - o THbh MRz 2uwTHET 5,

AT ABRENS, RERE 2 foiivodb ok S SR RN LR, KREHORBICHHE
TR K EFS R S RAT RGN ALK, DERERRES, ARREBAGAES, EBREERAGEO
Bff i R#oBEr &+ 5,

feds, ATRBO—TIAKET [TRRSIRcET 208 T L

MEB XUHE

P E L e F F B, e F F (Asterias amurensis), 1 <% F (Asterina pectinifera),
=k v e v F (Distolasterias nipon) D=f{iT, b t Fiikii 3.0~18.0cm OFHE35 (FHE) » 1 b~
F b b Fi2BIR 3.0~6.5cm OfEI3 (HE), =+v e b Fidbig 6.5~20.0cm OfEfk14 () T,
K¥DED 1 ~4@BEHT, B (EE 320~720p), v+ (FE 3~5mm) ## X 10cm PFHzH 2kl
WE LT R ELT74 Y (Tapes japonica) % Plate 1 &3 h Aron alpha TE|h ZFzEEL
T, BERFEICHEL, 5C, 10°C, 20°C, 25°C D 4 D KERFOL LT, ¢ ¢ FEOHAREIOR
P #~fo

FRICMA L e FTEIL BESIULET, 74 ) BB TREL, 8K 3.5m fifk, #EHT.2 ~
8.08 THotoo AROTEINLT 7 7 + » Y EEIZ X » TITHRVGHEAD S L THEBE T - 720 EEMEN,
197044 AX D 19714:2 AT TORMITH D, HHRARREKAOKERFICGbhE. FBTHHLICE b7
B, LEETG SRS A, RN 1 BRI R A Lyl i dmT B 77 -
Thigpedik LMk £ OmEC > TOM DA e b o L HE L7z,

i, b b FEOMMTHCBEELC, iR fiT A AR A TH 5 & o+ 1 (Spisula
sachalinensis), 47 # 4 (Peronidia venulosa), -*h# 4 (Mactra carncopicta) ®=ffi> 5°C+ 18°Cic
BT HEEBADREILE X M~1,

BREIUVER

1) KBEELBAELOBEICOLT

AEBABCETHE F TEOBETHOETRIE Fig. 1 IWRELAEEITHD, £ P FILOWTAHDE
SCTRMEIBECKSIT 2%, ICCHIVSB CTIRHE T CTIRRECHAENEL, —HE
R X oWAFEoX 2V TRBLARBEEIZE V. = »HY £ FFTR, S#EBRAETIRVCThLBRED
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Nini A& F i, KRS COREFRAKR T, &
100 A M. oFFH e FLLBER 15om DLEOKFIORH
It T 50O % L, £ b TFTRTR20%, =9 &
80k v e b 7T 8 BT 1% D FfEHFEEEIE AT 10 A i s
Lo A b=FL b FIXERBOKR FTdAMIC LS
B0} METENT % -1 X3, 25°COR T BT L
Hitichh - too
40) FTiehbh, & FFEIIKE 5 ~25°Co K-z e
S THATHA L, & QRRI0~20°CORIMETRET
20r HAH, HELY HE 4~9mm Off e 5 (Asterias
amurensis) {ZOWTiTe - - # @z X huE, 0
FOHE 5 ~26°CTH I EELORBR LEE—HT 3.
2) EbFHOpRRECBERELSOBRICOVT
100+ - e b FEOMR &R T B 8 L kR
B Fig. 2~3 et L0 TH5,
ail E FFicouwnTit Fig. 2 ek b, BEBKE, K
BH& bbbk 10em DL Eo@EATE, BEAHMLTH
FHAREIN e, KR 5°Ck XU25°CT, MESHA
WL bem Th b, Kifitl0°Ck L U0°Cle s TR
BFEEIIRLLR 6~Tem IZHELTVWA,
=y RKve FFEDHT S, WE 1bem #IELLT
R MIE A % B 228 KBR AN D e { B Thou.
¥, WIKEEECLKITLELAEDBRL
Fichh, b P FEO b RO RS AR AR 10~
5C 10C 20C &5°C 2°COMITTemTHh , Fh t HERTLHHTLRER
Water temperature e eETL, =y e F FI325COEK
Fig. 1. Feeding rate of the starfishes I FCie i lic 8 T3 5. Smith? % Pisaster
under the different water brevispinus e\ THIES L5 L uE F oA
temperatures and bottom
conditions. (in %) 10em T H  FEELDORBRRE L D CCH LA Smith?
A Asterias amurensis i3 T kR it S T e,
B : Distolasterias nipon w ety b LTHBE P A L CRmTE % b
: ;;'q“]’] ]1)::::“ Wt B £ TOMMIE, 1~ 7 B & ¥ b TR
KEuv, LaL, & FFER=vOE v REET AN
XEHLDBTEMT, Hob, ZobEALEITHL I EZTE -7, Smith® O#fh LT
(riE A FERRT 5 L O Fliih =0 Fifick ¥, fodLioFRCEEOR F4WI|I L, chExksc
WM ) v~ LT, Bl FFa. 2 LTlln= i s, =vORESRVHE
(X, ElhELALLS | ZHTTHiAT A2 (Plate 1), = DE 4em LA LETRFOMECHAEL, &
PFEAHEARAT AR EORS | ITREME, B b0 REL THIPTHET 5, Painh 2
Asterias vulgaris o oWTITIc » 1o CL, W1 A0y 1i229.4g TH D, Schiemenzt) iz L % &
TR EU T34, 000 g D W i 2 B A5, 900 g FREED 1T BHEO RS Dt 2 bhicw DT,
FoZx RBrHErnTHAZIh, 7, COLEENLHMREBHLT, SHAOLERLHHNTS LS
2 bhdH, Lavoied (32 O#EO LB oW TIREEIH T, WoBs [ hadiftcliTsL w5/
Wk ->Tuwb, LaLooBid Sawano 59 14 +0LHIC, HEBD (1360 K Hofoi £ 8
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Fig. 2. Relation between the digg the Fig. 3. Relation between the digg depth
depth and the arm length of a and the arm length of a starfish
starfish (Asterias amurensis) at (Distolasterias nipon) at each
each water temperature. water temperature.
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WAL BBz o Tik Romanes!V), Prouho®) 63 FOFFEAHEE L TV A2 HAYTlove Lo LIREDTE
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Fig. 4. Relation between the hidding depth and the shell length
in three species of bivalves at each water temperature.

A : Spisula sachalinensis B : Peronidia venulosa C : Mactra carneopicta
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Plate I

Explanation of plate

A. An example of a prey used in this experiment. Showing a bivalve.
(Tapes japonica) fixed out a wooden bar for which it was buried
in each expected depth.

B, C. Digging of starfish (Distolasterias nipon) into sandy and gravel

bottoms for feeding.

D, E, F. Digging of starfish(Asierias amurensis) into sandy and gravel

bottoms for feeding.
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