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Tolerant Spectrum to Heavy Metals in Marine Bacteria
Isolated from the Sea of Hiuchi*

Akira KURATA** and Yoichi YOSHIDA**

Abstract: The tolerant limit and tolerant spectrum to several kinds of heavy metals were
examined with 219 bacterial strains of 4 groups which were isolated from the sea water and
the bottom sediments in the Sea of Hiuchi polluted by many kinds of heavy metals discharged
from the industrial waste waters. The maximum concentrations of each metals to which
at least one strain in every group could grow in the liquid medium were 70 #g/m! in Cu,
150 in Zn, 700 in Cr and 250 in Ni. The bacterial strains isolated from sea water tended
to less survive to the respective maximum concentration of each metal than those isolated
from the bottom sediments. Moreover, some of these strains had tolerance to two or more
kinds of metals. About 37 % of the tested strains had tolerance to the respective maximum
concentrations of two kinds of heavy metals, of which 17 % had tolerance to three kinds of

metals, 7.3 % to four kinds of metals and 1.8 % to five kinds of metals.

1. Introduction

The distribution and content of heavy metals
in the coastal marine environments are well
documented by many investigators on a large
scale. In spite of many recent works, the
tolerant spectrum of a number of microorganisms
including bacteria, fungi, protozoa and algae
to heavy metals in the coastal regions has
Almost always
microorganisms must be affected by many kinds
of heavy metals contained in the industrial
waste waters in the polluted coastal regions.
It may be ecologically significant to clarify the
mechanisms of microorganisms to acquire a
complex tolerance, which may be called cross
resistance, to two or more component of pol-
lutants in the coastal regions polluted by all
sorts of pollutants.

The purpose of this paper is to demonstrate
whether marine bacteria isolated from the sea
water and the bottom sediments in the coastal
region polluted by a great number of heavy
metals are tolerant to what kind of and how
many kinds of heavy metals, and whether they

remained largely unexplored.

* Received August 15, 1977.

** Laboratory of Microbiology, Department of
Fisheries, Faculty of Agriculture, Kyoto Uni-
versity, Oiwake-cho, Kitashirakawa, Sakyo-ku,
Kyoto, 606 Japan.

can grow on how high concentration of each
metal.

2. Experimentals
(1) Collection of samples

Samples of sea water and bottom sediments
were collected at the designated stations in the
Sea of Hiuchi. Location of these stations is
shown in Fig. 1. Samples of sea water were

Fig. 1. Location of sampling stations in
the Sea of Hiuchi.
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collected aseptically from a 5m depth by using
the ZOBELL sampler (ZOBELL, 1946) and those
of bottom sediments were collected by using a
core sampler described by KIMATA
(1960).
(2) Isolation and enumeration of bacteria
Immediately after collection of samples, the
bacterial isolation was done in a laboratory on
the investigation ship.

et al.

Samples of sea water
and bottom sediments were diluted stepwise
with the aseptic sea water in screw-cap test
tubes. An aliquot of each dilution was aseptic-
ally placed onto Petri dishes containing sterile
liquid agar. After two week incubation at 20
°C, colonies of bacteria were counted as the
population of total viable bacteria and colonies
were inoculated onto agar slants.
slants were incubated at 20°C. Pure cultures
obtained by this isolation method were tested
for the limit of tolerance and the spectrum of
tolerance to several kinds of heavy metals.
The agar plates, the agar slants and the liquid
media were prepared consistently with slightly
modified ZOBELL 2216 medium (ZOBELL, 1946),
which had the following composition; poly-
peptone 5.0g, FeSO, - 7TH,O 0.05g, KHyPO,
0.05g and agar 12.0g (except for the liquid
medium) in 1000 ml of sea water with pH 7.6.
(3) Bacterial growth

Bacterial growth in the liquid media contain-
ing the progressive concentrations of each heavy
metal was determined turbidimetrically by a
Leitz Photrometer (at 640 mu) everyday for
three days of early incubation and thereafter
on every three days.
(4) Determination of the

metals in the samples of bottom sediments

The content of heavy metals in the samples
of bottom sediments was determined by atomic
absorption spectrophotometry according to the
method described in the paper
(KURATA, 1974).

The agar

content of heavy

previous

3. Results and discussions

Analyses for Ni, Cu, Zn, Pb, Cr and Cd in
the surface layer of bottom sediments (0 ~ 2
cm) are summarized in Table 1. The Sea of
Hiuchi has eutrophicated
recently by allochthonous organic substances

been extensively

(

Table 1. Content of heavy metals (pg/g dry
matter) in the surface layer (0~2cm) of the
bottom sediments in the Sea of Hiuchi.

(%i%?}?) Ni Cu Zn Pb Cr cCd
132m) 8.4 240 101.8 405.7 10.4 0.61
216m) 6.6 217 109.1 428.6 10.8 0.52
310m) 6.7 60.0 168.2 514.8 16.6 0.74
A11.5m) 8.6 115.2 231.8 302.9 23.1 0.73
59m)  10.9 289.1 277.3 414.3 39.4 0.55
619m) 5.5 36.5 122.7 271.4 16.0 0.26
723m) 8.0 42.6 127.3 171.4 17.2 0.13
824m) 9.6 55.7 150.0 285.7 19.7 0.29
9(18m) 14.9 110.9 531.8 328.6 29.5 1.90
1014m) 103 41.3 104.5 457.1 13.5 ND*

* ND: not detected.

contained in the industrial and domestic waste
waters, large paper-
making manufactures along the coast and also
intensely polluted by various kinds of metals
discharged from many metallurgical

especially from many

manu-
factures mainly dealing with plenty of heavy
metals. Station 5 gave high values in most
kinds of examined heavy metals.
in the Cu levels was greater than that of any
of the other metals and there was somewhat
similar pattern in the Cu, Zn and Cr levels.
The level of Pb concentration was highest as
compared with any of the metals at most of
stations except for a Zn
Station 9. Ni and Cr were more evenly dis-
tributed at each station and Ni content varied
from 5.5 to 14.9 ug/g dry matter with an
average of 9.0 pg/g dry matter. This
considerably low concentration in comparison
with the results obtained in the Sea of Aso
and Miyazu Bay where the bottom sediments
are intensely polluted particularly by Ni as
described in the previous paper (KURATA et
al., 1977). Appreciably high level of Cd was
found in the bottom sediments at each station
except for Station 10. Comparing with the
content of heavy metals in the bottom sedi-
ments of the Sea of Aso and Miyazu Bay, the

The variation

concentration at

is a

bottom sediments in this marine environments
have been polluted extensively by Cu, Zn and
Pb.

The counts of total heterotrophic bacteria in
each sample of sea water and bottom sediments

\
J
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from which the tested strains were isolated are
shown in Table 2. In total, 219 strains of
bacteria were isolated from sea water and
bottom sediments in order to examine their
tolerance in the liquid media containing the
progressive concentrations of five kinds of
heavy metals; 52 strains from sea water and
167 from the surface layer (0~ 2cm) of
bottom sediments. Total heterotrophs existed
in the range of 10° cells per m/ even in sea
water and also largely existed in the range
from 10° to 107 cells per g wet matter in the
bottom sediments, owing to the eutrophication
in the nutrient level.

All of the strains isolated were examined for

Table 2. Description of the habitat from
which the tested strains were isolated

Collection Station Trans- hT;)tal Number of
date (Depth) parency etero-  isolate
(m) trophs
3 1.9 1.3x10° 52
(10 m) cells/m/ (Group 1)
1 5.0 7.9%x10° 56
Aug. 30, (32m) cells/g wet (Group 2)
1973 matter
3 1.9 8.5x10° 55
(10 m) (Group 3)
5 1.4 1.2x10° 56
(9 m) (Group 4)

Table 3. The survival rate of the tested strains to
the progressive concentrations of heavy metals

[?a(;?(f:rgf Number of survival

r(zlge/t?rl?) Group 1  Group 2 Group 3 Group 4
0 52*(100)** 56(100) 55(100)  56(100)

Cr 25 43 (82.7) 48(85.7) 48(87.3) 46(82.1)
50 11 (21.2) 30(83.6) 22(40.0) 10(17.9)
60 8 (15.4) 29(51.8) 22(40.0) 10(17.9)
70 5 (9.6) 28(50.0) 22(40.0) 9(16.1)

80 0 0 0 0

Cr 50 32 (61.5) 51(91.1) 46(83.6) 38(67.9)
100 31 (59.6) 48(85.7) 45(81.8) 36(64.3)
200 21 (40.4) 44(78.6) 43(78.2) 31(55.4)
300 20 (38.5) 44(78.6) 42(76.4) 31(55.4)
500 2 (3.8) 33(58.9) 20(36.4) 13(23.2)
700 1 (1.9 31(55.4) 18(32.7) 13(23.2)
900 0 (0 ) 16)27.6) 13(23.6) 7(12.5)

* Numbers of the tested strains.
** Percentage.

the viability in the liquid media containing the
progressive concentrations of Cu, Cr, Zn, Ni
and Pb. The results with the case of Cu and
Cr are given in Table 3, which shows that the

Table 4. The toterant limit of the tested
strains to several heavy metals

trca()t‘i]gr?néf Number of surviyal 7
7&:}?11151) Group 1 Group 2 Group 3 Group 4
0 52%(100)** 56(100) 55(100)  56(100)
Cu 70 5 (9.6) 28(50.0) 22(40.0) 9(16.1)
Zn 150 1(19 4(7.1) 1(1.8) 2(3.6)
Pb 250 45 (86.5) 43(76.8) 49(89.1) 44(78.6)
Ni 250 1 (19 10017.9) 7012.7) 3(5.4)
Cr 700 1 (1.9 31(55.4) 18(32.7) 13(23.2)

* Numbers of the tested strains.
** Percentage.

Zn

Growth (ODx100)

90+

30

0dood—b—b &
o 6 12

Fig. 2. Growth curves of a strain in each medium
containing the progressive concentrations (¢#g/ml)
of four kinds of metals during the three week
incubation.

39
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number of strains survived are reduced in
proportion to the metal concentrations in the
liquid media both in the case of Cu and Cr.
However, the rate of reduction of survival
strains for the progressive concentrations of a
metal clearly differed from each other in the
strain group; Group 1 was less survival than
any of the other groups both in the case of
Cu and Cr. The maximum concentration of
each metal to which at least one strain in
every strain group can be tolerant is significantly
different with the kind of metals as illustrated
in Table 4. The extremely high concentration
of Pb was detected in the bottom sediments at
the most of stations as shown in Table 1. At
the time of preparation of medium, Pb could
not be prepared with the medium more than
250 pg/ml without any precipitation. It seems
reasonable that Pb exists mostly with the in-
soluble form in the marine bottom sediments.
It is guessed that the other kind of heavy
metals also may probably exist in the insoluble
form in the sediments.

Growth curves of a strain in each medium
containing the progressive concentrations of
four kinds of metals during the three week
incubation are shown in Fig. 2. In this strain,
the growth was rather stimulated in the
presence of considerable amounts of Cu and
Zn than in the absence of heavy metals, and
growth curves showed the similar pattern in
the progressive concentrations of Cu and Zn
or Ni and Cr. However, the pattern of growth
curves of tested strains differed variously
according to the kind of metals added to the
medium and according to the strain of isolated
bacteria. It must result from the difference
of the structure of cell wall based on the
bacterial Further
studies on the taxonomy and physiology of
these strains are desirable.

All of the strains were examined in their
tolerance to the progressive concentrations of
each metal until the maximum concentration
to which at least one strain in every strain
group could survive. The tolerance of all
strains to two kinds of metals in respective
maximum concentrations is summarized in
Table 5. There were many strains which had

taxonomical characters.

(

tolerance to many pairs of metals in the combi-
nation, as shown in Table 5. The strains
which had tolerance to many pairs of metals
were found mostly in Group 2. On the contrary,
most of the strains belonging to Group 1
had little tolerance to many pairs of metals.
It may be certainly asserted that bacterial

Table 5. The tolerant spectrum of the tested
strains to two kinds of heavy metals

Combi- Number of survival
nation of — — —
Group 1  Group 2 Group 3 Group 4

metals
0 52¢(100)** 56(100) 55(100)  56(100)

Pb, Ni 1 (L9 10(17.9) 7(12.7) 2( 3.6)
Pb, Cu 4 (7.7)  26(46.4) 22(40.0) 8(14.3)
Pb,Zn 1 (1.9  4(7.1) 1(1.8) 2(3.6)
Pb, Cr 1 (1.9)  27(48.2) 17(30.9) 10(17.9)
Ni, Cu 0 9(16.1)  7012.7) 1( 1.8)
Ni, Cr 0 10017.9)  5( 9.1)  2( 3.6)
Ni,Zn 1.9  4(7.1) 1(1.8) 0

Cu, Zn 0 4710 1(L8) 0

Cu, Cr 0 21(37.5) 13(23.6) 6(10.7)
Zn, Cr 0 A7) 1C1L8)  2(3.6)
Total 8 119 75 33

K‘:ﬁd‘:fl 6 (11.5)  33(58.9) 26(47.3) 16(28.6)

* Numbers of the tested strains.
** Percentage.

Table 6. The tolerant spectrum of the tested
strains to three kinds of heavy metals

Combi- Number of survival
nationof —m@M@M@8@M@8™——— ——~
metals Group 1 Group 2 Group 3 Group 4
0 52%(100)** 56(100)  55(100)  56(100)
Pb, Ni, Zn 1(1.9) 4(7.1) 0 0
Pb, Ni, Cu 0 9(16.1) 7(12.7) 1( 1.8)
Pb, Ni, Cr 0 9(16.1) 5(9.1) 1( 1.8)
Pb,Zn, Cu 0 4 7.1) 1(1.8) ©
Pb,Zn, Cr 0 4 7.1 1(1.8) 2(3.6)
Pb, Cu, Cr 0 21(37.5 5(9.1) 5(8.9)
Ni, Zn, Cu 0 4(7.1) 0 0
Ni, Zn,Cr 0 4(7.1) 1(1.8) 0
Ni, Cu, Cr 0 9(16.1) 5(9.1) 1(1.8)
Zn,Cu, Cr 0 4 7.1 1(1.8) 0
Total 1 72 26 10
- i '
Kind of 1 (1.9)  2137.5) 916.4) 7(12.5)

* Numbers of the tested strains.
** Percentage.
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Table 7. The tolerant spectrum of the tested
strains to four kinds of heavy metals

Combi- Number of survival
nation of
metals Group 1 Group 2 Group 3 Group 4
0 52*%(100)** 56(100) 55(100)  56(100)
Pb,Ni, Zn, Cu 0 4(71) 0 0
Pb, Ni, Cu, Cr 0 9(16.1)  5(9.1) 1(1.8)
Pb, Ni,Zn, Cr 0 4710 0 0
Pb,Zn,Cu, Cr 0 4(7.1) 1(1.8) 0
Ni, Zn, Cu, Cr 0 4471 0 0
Total 0 25 6 1
Kind of strain 0 9(6.1) 6109 1(1.8

* Numbers of the tested strains.
** Percentage.

Table 8.
strains to five kinds of heavy metals

The tolerant spectrum of the tested

L r survi
Combination Number of survwaL

of metals Groupl Group2 Group3 Group4
0 52*%{100)** 56(100) 55(100) 56(100)
Pb, Ni, Zn,
Cu, Cr 0 4(7.1) 0 0
* Numbers of the tested strains.
** Percentage.
strains isolated from the bottom sediments

have more extensive tolerant spectrum to heavy
metals than the strains isolated from sea water
in the coastal regions polluted by various kinds
of heavy metals.

The tolerant spectrum of all tested strains
to three kinds of heavy metals is shown in
Table 6 and that of four kinds of heavy metals
is shown in Table 7. These spectra showed
As
shown in Table 7, Group 1 has no strain which
has the tolerance to four kinds of metals. This
sustained further the above-mentioned assertion.
Moreover, the tolerant

emphatically the quite similar inclinations.

spectrum of tested
strains to all of the examined metals is given
in Table 8. Four strains which had tolerance
to five kinds of metals were included only in
Group 2 and all of the other strains failed to
survive in the maximum concentrations of five
kinds of examined heavy metals. Recently,
MCcLEAN (1974) reported that the fresh water
Stigeoclonium and Cladophora
glomerata showed the tolerance to Cu, Pb and
Zn, and that S. tenue showed greater tolerance

algae tenue

(

5

to Fe. SALIBA and KRzYZ (1976) reported that
adults of Artemia salina showed an increased
tolerance to 50 ug/ml of Cu. All of the tested
strains could not survive beyond the Ni concen-
tration of 250 g per m!/ of medium, whereas
bacterial strains isolated from the Sea of Aso
often could grow even in the twofold concen-
tration of Ni as described in the previous paper
(KURATA et al. 1977). Therefore, it is
suggested in general that bacteria isolated from
the marine environments polluted by many
kinds of heavy metals must be tolerant of
course to the same kind of heavy metals and
that they may also have tolerance in the wide
range to various kinds of heavy metals. How-
ever, it also appears that the degree of tole-
rance of bacteria existed in the polluted marine
environments is not always in proportion to
the total content of heavy metals in the bottom
sediments. In the coastal marine environments,
bacterial tolerance to heavy metals must be
affected by the concentrations of utilizable dis-
solved organic matters and growth factors
which are effective for the bacterial growth in
the presence of inhibitory substances.
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Fine Structure of Ciliary Sense Organs of a Chaetognath Sagitta nagac
ALVARINO Observed by Scanning Electron Microscopy*

Sachiko NAGASAWA** and Ryuzo MARUMO**

Abstract:
and their fine structure observed by scanning electron microscopy.
physiological roles of these organs are discussed. These organs are sometimes called
tactile organs, fan-shaped tufts, sensory tufts, ciliary tufts, ciliary sense

This paper deals with the arrangement of ciliary sense organs of Sagitta nagae
The ecological and

tangoreceptors,
organs, stiff cilia, hairs or sensory spots.

Ciliary sense organs are oriented in two ways: transversely (T) and longitudinally (L)
to the body axis. Sagitta nagae has a large number of ciliary sense organs on the two
pairs of lateral fins unlike other chaetognaths such as S. regularis, S. hispida, S. enflata,
S. elegans, S. ferox, S. There are 6 to 7 longitudinally oriented
organs and about 15 transversely oriented ones on the dorsal and ventral sides of the
No longitudinally oriented organs are found on the posterior fin and 11
transversely oriented ones on the tail fin. The 15-16 mm adult of S. nagae has about 600
The cilia are about 0.5 % of the body length. Newly hatched larvae
also have ciliary sense organs.

SEM micrographs of T and L organs on the body surface and T organs on the lateral
and tail fins indicate that the fine structure of all T and L organs is identical. Each organ
consists of a protuberance mound with a tuft of many fine, stiff cilia emerging from the
The cilia are 60 to 70 #um long and about 0.2 #m in diameter.

Ciliary sense organs may be analogous to the mechanoreceptor organs of the lateral line
SEM micro-

neglecta and S. oceania.
anterior fins.

ciliary sense organs.

center.

system of fishes which detect water motion in the surrounding environment.

graphs of a spermatophore and a sperm of S. nagae are also shown.
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Procedure

anesthetization

fixation
washing

fixation

washing
dehydration

replacement
drying
l

coating

Reagent
0.01 9% w/v MS222

0.5 % glutaraldehyde
0.5 % glutaraldehyde

0.1 M phosphate buffer
0.1 M phosphate buffer

1% osmium tetroxide

0.1 M phosphate buffer
distilled water

50, 70, 8¢, 90, 95,
100 % ethyl alcohol

isoamylacetate

Duration

1 min.

30 min.
4-6 hrs.

10-30 min.
until the next step

10 min.

10 min.
10 min.

10 min., 10 min.,
10 min.

until the next step

(critical point drying, HCP-1)

(Eiko 1B-3 ion coater)

!
examination with SEM (JSM-35)

Fig. 1.

Fig. 2. Sagitta nagae larvae.
(A) Newly hatched

Procedures to prepare the soft biological specimens for SEM used

Arrows show cilia of the sense organs.
(B, Fourth day.

C9)

Temperature

room temperature

0-4°C

0-4°C

0-4°C
0-4°C

0-4°C

room temperature

40°C

in the present study.
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Fig. 3. Ciliary sense organ patterns of mature
S. nagae. Fifty specimens of 15-16 mm long
were examined and compared to make these
composite drawings. Ciliary sense organs are
arranged either longitudinally (—) or trans-
versely (—) to the body axis. (A) Dorsal view
of basic pattern (B) Ventral view of basic
pattern.

FHAME R 4k

T L 6~7, ik vikiciivFie T
MIR LT IS AL, BiE, RBHBOY - Kl Fh
Thelt L dEEES, Toans=nscnt, 11
Hotce RIBW T N EOKTH > THEET S
H, — DR “iﬁ%kﬁi@ﬁjm(i&fﬁLfk‘flo B
figi T 2% Fig. 3 © X5 @ i fiaFrefics| L T
Wiz, HIRED SR h I~ Z OB o T 0k
EEABIRC L D b > Toee 25LC, S,
nagae DEMIZILF L7 600 OB 27 L T
Wh, EORESE T, L L 4kkEDRK 0.5% <
Hotie Fio, MEHISLERD S, nagae T
iiiﬂ@jtlﬂﬁ CH BN (Fig. 2B) 2%, R L 7o
ENA S RORSY s S/ N

PEIGENBAUM (19709 khuE, i Emo
TR L 7o S, hispida, S. enflata T+ FREy
400, 600 TH D, WO TEORE S iM\lSZ@/C'ijC
1.5, ()‘r% “59)70 F /o, kTR S, hispida,
L 1‘m‘|3®§jf;lﬁ W& B,
S. enflata “C‘l/;tVS—JE[Q{&@ffﬁlﬁi’f‘ﬁiﬂﬂ,wlﬁ’-{"ET %

S. elegans Tit- A0

(A) ()

Fig. 4. (A) Diagram of a vertical section through
a ciliary sense organ. (B) Diagram of a sensory
neuron found in the ciliary sense organ. Fig.
4B is based on BULLOCK and HORRIDGE (1965)
and HORRIDGE and BOULTON (1967). The
detailed structure of the sensory neuron in .S.
nagae has not yet been described. (a) cell body
of a sensory neuron (b) dendrite (¢) cilium (d)
epithelial cells (e) axon

C10)
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DI THEE O ¥ 2w 7o (FEIGENBAUM,
1977)9, S. nagae DT DRy, (KK B1F 55
kX, EOR S S. hispida, S. elegans L Y

Fig. 5(A) (B) Micrographs of a transverse section
through ciliary sense organs, cut at 4 gm thick.
Sensory cells are stained darkly with hematoxylin
while cilia and dendrites are stained with eosin.

Rk %28 U Sagitta nagae ALVARINO O TEE 51 0 11

L S enflata b LS {PTuB, S, nagae DL
B D\ CUE IR [ (1940)® 23iEE X b Hii DR D
HHWC ST 5 0HXA R foe £ 2 TIRAAEHRE
KNDBEE L TREN, TOEERSLIUELDE
2 HEIRENTUnTove S, nagae % Hi & L L1
ALVARINO (1967)" x L OV#EH (1967)® k- o
RO L ODHHFRIOEE OB LKA R

Fig. 6. An SEM micrograph showing the arrange-

ment of transversely oriented ciliary sense organs
(T) and the longitudinally oriented ones (L).

Fig. 7(A) (B) Stiff cilia found in the center of a ciliary sense organ T.

1)



12 5 A B16% F1E (1978); BIAEAERSE

2, HE L SBH O & X RL Tl
& ~T, S. nagae O T BLOMIC D CrklF
] (194009 Pk, F0##BANIRE XD X Lo
T BT E N,
2. BRSO
L LM ik %8s
BRI 5L, MEMERED L
DX )by, fLHcitrsriie T
w5 (Fig. 4A), 3= 2 —n v oY (Fig.
4B) 1t BULLOCK and HORRIDGE (1965)% o
2R (mechanoreceptor) @ = ¥ & Lk O*
HORRIDGE and BOULTON (1967)» o S. cepha-
loptera DO TEREARE (ciliary sense organ) @
B BT B 8IS Tt HEE & BHR

Fig. 8(A) (B) tub of brke cilia in the

center of a ciliary sense organ T.

it (dendrite) 1T =4+ Vi, BEAIE (sensory
cel) tz~= FF vV vic k< 4F -7 (Fig. 5A,
B),
(2) SEM 1z X »#i%s

ER T, LizAoAOLELR L CTRED I-
Ch hHNY, RLCHEOR N SH 5 (Fig. 6),
WEOBRIF L E0.2um, FDREIL60~70 ym

Fig. 9. (A) The cuticle surrounding the base of
a ciliary sense organ is about to come off.
Longitudinal ridges on the body surface are
due to shrinkage. (B) The cuticle surrounding
the base of this sense organ has been removed.
The numerous round structures on the body
may be sensory cells. Longitudinal ridges are
also due to shrinkage.
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Thoto Fig. TA,B), = ik S. cephaloptera
D#FE (HORRIDGE and BOULTON, 1967%) &%
BEUTH 5, Figs. 6,9, 10 Tkt L DI
BIEARLN S, ZIUTEE A LT %88 Tl
Ll Thb, £7, MEHT OG>
Tk %,

BB OB E IR T B LT 2 K b B
(Fig. 7A, B) 738, #BEBIL 2T <EdThlf
Eh, FOUMOANHZ BN £ o (Fig. 8
A,B), 777 sk nnsnh (Fig. 9A),
5 (Figs. 8A,9B) &4 D b » i B

Fig. 10. (A) A ciliary sense organ L with only
stubs of cilia. (B) A complete ciliary sense
organ L. Stiff cilia are few in number in L.
Longitudinal ridges are due to shrinkage.

bo ZOREOVEFFEHE OB MEOEE D TH
5B sn, EM THE» ool UEETER T
X el S. cephaloptera ol BT ERFEHITE D D
1 BROBHRMELN DT, LOEEDHETH S
ik Th s, (HORRIDGE and BOULTON, 1967)%,
S. nagae T S. cephaloptera DOf T R LU
<, MRS THRBHREL ST L AT
b BT B, T E WO ET T 5
TChDH, MEHOEEEFHMEY E) LT
DEHH FHTIT T E A, B X% 200~300 ¢
b o 72. S. cephaloptera © filk TEiLy X £ 190

D HEE A B e A (HORRIDGE and BOULTON,

Fig. 11 (A) (B) A ciliary sense organ T on the
lateral fin (a).
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1967)3

MERLOERE, BEIXTLHUTHAN, £
e/ A (Figs. 6, 10A,B) ©, #THL D7
< (Fig. 10B), X #50 ¢, 100% =% A2 LiL
Tt EE b S,

A e h 5 T (Fig. 11A,B) s XU R
» % T(Fig. 12 A,B,C,DyithEic s 5 T g
NRICThoteo ELECHD T 275727 71000
<, Fig. 12D # &< & K Eautisnhr:
D, @R o TREME & Bbh 5§80
MR Rz T 5,

S. nagae i+ S. hispida (REEVE and WALTER,

1972'0; REEVE and COSPER, 1975!D) T#Hi4 X
NTWB LI, HEUEERRCAELLBENLL
WLIEEREE NS, EROBE o 5 o
KA E Lok TR & (Figs. 13, 14
A WP 1 CORERHAE OO E 1
AOEEHBicsh (Fig. 14B), EHEOKE SLE
P2 L9pm, GEELSum, HEEOKZ0.2um,
WEDEIXWXIRLF10um Thoto, DB
(TR L7 60 DR Fbis - Tz,

Z 3
L DERC T HMEN D 58BN,

. 12. (A) (B) A ciliary sense organ T on thé tail fin (a) with the utile reoved.

(C) Enlarged view of (B). (D) A ciliary sense organ T on the tail fin (a). This
organ is covered with cuticle except on its center.
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{ * i 4

Fig. 13. An SEM micrograph of a spermatophore
found on the seminal vesicle. A dashed circle

surrounds a spermatophore.

Fig. 14. (A) Enlarged view of the spermatophore

in Fig. 13. (B) An SEM micrograph of a pserm

of a sperm of 8. nagae.

il OBEES SO L RAICE % 72 O 1% GEGEN-
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sensory spots (FEIGENBAUM, 1977)Y 7o Kk~
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H DD HDIREL EHIC L - TEL 5KD
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Automatic Recorder for Measuring the Torque
Induced in Elongated Netting Cord

Tadashi NAGATA and Kaoru SUGIZAKI

Abstract: It is well known that torque is induced in elongated netting cord. This is the
particular charactristic of netting cord that can not be seen at the case of metal wire.
Since netting cord is visco-elastic body, the elongation and the torque under a constant load

change with time.

A recorder for recording automatically the change of the torque,

making use of servo mechanism, was made by way of experiment. It can also record the
elongation. Curves for cremona 3-9 cord were obtained by use of this recorder and it was
found that the recorder operates satisfactorily as expected.
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Fig. 1. Diagram of a plan for measuring the
torque induced in elongated netting cord.
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DARE ST LEENRIFINE N ANIC . &
nxpi<orr Fig. 1 X3 hErEsbh
%0 $f& W OTHOMAEXID DT Bizb0F
x v 7 Cicigst Ny & 2lF, FoEEA%E HBER
Si CHDDLICT D, EHHELD ERLHE
A EET 5. & OEREY 2% A K CE
IR AT Ne CEBIR S 40 CHA
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EHHRACERSE D, 5 FhuifEst N
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@

Fig. 2. An automatic control system for record-
ing the change of the torque induced in
elongated netting cord, making use of servo
mechanism.
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4 D1

Fig. 3. A potentio-meter with no mechanical

friction, using water as conductor.

Fig. 4. System for recording the creep of
the elongation of netting cord.
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Fig. 5. Creep curves for the elongation of
cremona 3-9 cord under constant load.
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Fig. 6. Curves showing the chang of torque
induced in cremona 3-9 cord under con-
stant load.
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Fig. 7. Relation between the elongation and the
torque of cremona 3-9 cord under constant
load, at the time two hours after the cord
is loaded. abscissa: elongation, ordinate:
torque.
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Studies on the Formation of Fishing Ground around Yamato Bank I.
Oceanographic Structure

Saburo YANAGAWA, Toshiyuki KASHIWA and Kiyoshi INOUE

Abstract: Oceanographic observations and angling experiments of squids were carried out
on board the T/S Shinyo-maru of Tokyo University of Fisheries in July 1976 and in July
1977 in the squid fishing ground around Yamato Bank of the Sea of Japan. The offshore
(oceanic) water structure was studied through such aspects as streams, temperature, salinity,
dissolved oxygen, pH, turbidity and suspended matter in the water around the bank. There
was a water mass having high turbidity in the surveyed area. A particular effort was made
to make clear the mechanism of formation of the turbid water.

Thermocline, halocline and oxycline were found in the layer between 20 and 30 m deep of
the surveyed water. It was suggested that the warm water of upper layers went down and
the cold water of lower layers went up in the mid area between Yamato Bank and North
Yamato Bank. The boundary between the warm and the cold water was located in the
depth of 150m. A core of high salinity and low oxygen content was found in the upper
layers of the boundary. Such water structure is not considered to be temporary because a
similar trend is seen in the water temperature distribution obtained 5 days after our survey
by the R/V Hakuho-maru of the University of Tokyo.

A highly turbid water with approximately 10 m thickness existed in the depth between 40
to 50 m. The turbidity ranged from 0.5 to 1.30 m™!. These values are 3 to 7 times as
high as the turbidity measured in the layer between 40 and 60m deep of the Kuroshio.
In the highly turbid layer seston weight was 1.1-1.8 mg/! and chlorophyll a was 0.5-0.8
rg/l. The majority of seston were small particles less than 8 # in diameter.

Besides, the quantitative analysis of phyto- and zooplankton showed that diatoms occupied
a comparatively large part of the plankton population in the layer. However, no remarkable
difference was found in the composition of plankton as compared with other areas. From
such features, a high turbidity of the layer is presumed to be due to the abundant particles
of phytoplankton detritus. The origin of the turbid water layer in the surveyed water is
considered to be different from that in the Kuroshio.
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Tokyo University of Fi;ileries, 5-7, Konan 4, S OBNFEWEL, KOBELEREOME A
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ROBEHRTHHN, BB LN O ELER,
CRET TR TH D LT L. S
i, BBIH T CEYNEC THREI RS,
Fo®EED, HERNEVCEHE bR TR
b, FTODICIIHOEENRGEETH
BHE. Ei, Srbz ot oAk, B
BRID 5 HICRYIOHIK A BTLTLE )
S ERBRTALLOE, HoBEEEIND Tl ],
FODNTRENEEOEX LEH B K LTS
B

ChbDBE LY AREE T, W, KiE, B
7, BER IO pH Sofaoslic, HoGEEY
HHFBE LU CBEOREL MR 2,

Lo Uiehih, oY, wheiEEd s
INE el T (752 vy, FrURA, B
BREY) X 5EELB X CRIBRPHEIEE B
LB, THIKERT X HEELE LOBRIRD
MAETRERTH DD, WH L OBEEIT T
Tve Lo T, CO®BELLCEEYE, K
FERFBLIO7re 7 4 LEXRIEL 7.

AHEBIC B 20RO PRI, FH (1934,
Bl (1953)%, R - LA (1958)%, st (1968)%
B Lo - AR (1973) Exih B, FHY I,
1933 FEFKIC BT 5 H AR IR A7 %Ki, H57,
e, pH, HE, vk L OKESOBEHAER
d ESWT, EEEROE KO BEC S
WTHE L, =IEY ik, HAE O KA T-S

diagram ¥ J 8 T-O, diagram & & b 237 L, K
HoBEREYRLUIC, MR - 1LAY 12, KfH
A HLEKER LCESYREL, R
ERBRAIT o 70o I #AY, kT %A
A DOKBBERK BIER L 7o S BT, R,
H A B TCAMENC, thermosteric anomaly
0, (cl/ton) DIE%RL 12,
LisLis kb, RIERBHROMENFEFCE <

RS KA IC S U T ERAAZ L,

1. #BAA5%E
(D) BRASA

AEHNE, 19764E7 H26 BH7 A28 BR X
19777 H 25857 H 26 Hofic, HEK
EERZFEMEIIC X » Tiibhic, BHldERE, H
AHE s 39°-27' N, 134°-22'E #rhp b4 %
KAHER L O RFEHIR C©h 5,

HUHEE, MERIORE % Table 1 &, %
1o, BIRIESAA Fig. 1 @3, St 2,3,5 % &
C7 1%, TRERKMMEREK, AR, bk
FIHERE R F & O AR 5T 5,

BRSO KEE, Table 2 X5 Thb,

1977 Eo R BI L Tk, RSt 1, 3R I
S KRWTEHENERTV, SEELIEELCC
DEFEXHPLELTORER T, Chblibt
AbvoOER, KFOKEE, 7rr7 4 VB
EORER XIUH BB L 5 NEHORELIT-

Table 1. Position of the observation stations and concomitant data.
, Position Wind Temperarure
. — — . B. —F T
St Date Time Lat. (N) Long.(E) D. F. w Air Sea
; July 26, 1976 0450-0830 38°46. 4/ 134°50. 0’ S 4 b 1012.6 24.3 23.0
2 ” 0949-1155 38°59. 6" 134°40. 5/ S 3 b 1012.6 27.2 23.4
3 ” 1330-1548 39°12.7/ 134°29. 5" SSW 4 c 10108 25.5 23.3
4 ” 1715-1950 39°26. 5’ 134°21. 9/ SSW 5 o 1009.8 23.5 21.7
5 July 27, 1976 0450-0700 39°38.57 134°12. 3/ SSW 3 f 1012.5 21.6 21.6
6 ” 0835-1335 39°52. 3/ 134°10. 8’ SSW 3 b 1012.1 24.2 22.2
7 ” 1455-1720 40°04. 6’ 133°54. 8’ SSwW 3 be 1011.1 25.0 22.6
8*  July 27-28, 1976 1900-2000 40°17.6' 133°54. 2/ WNW 2 be 1011.3 23.0 22.2
1’ July 25, 1977 1405-1845 38°47.1/ 134°50. 9/ SW 3 be 1012.6 28.1 25.6
3! July 26, 1977 0700-1030 39°12. 3/ 134°31. 07 SW 3 bc 1013.9 27.5 25.3
5 ” 1400-1630 39°39.1/ 134°11. 0/ w 2 be 1012.6 27.6 25.9
D.=Direction F.=Force W.=Weather B.=Barometer

(24)



KRR S O BRB BB 515t | 25

St.8

Q
St o
l'v ,‘
<

Yamato Tai

38’

134 135°
Fig. 1. Observation stations around Yamato Bank
in the Sea of Japan. @©, stations occupied in
the survey of July 1976; [, stations occupied
in the survey of July 1977.

Table 2. Water depths at the observation
stations occupied in July 1976.
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Table 3. Currents of surface layer measured

by G.E.K. in July 1976.

st Current

’ Set (deg.) Rate (knot)

1 139 0.58

2 295 0.43

3 182 0.31

4 60 0.30

5 196 1.30

6 231 0.59

7 83 1.20

8 135 2.00

DEPTH

DEPTH

150 -, — T

—. \ N ;
|\ ~ o o~ N\

Fig. 2-a. Vertical profile of water temperature
(°C) from surface to 160 m deep in July 1976.

600 F

1000
12001 E g
1400

S

800 /’W\ "~

(m)
Fig. 2-b. Vertical profile of water temperature
(°C) from surface to 1,400 m deep in July 1976.
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iE, %o 50 m FEoMmATH L AL St 8
D I FHH I I I L 1o ABIHIIc 1) 5 5°C

DEPTH

200 e
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(m)

Fig. 3. Variation of water temperature (°C) at St.
8 from 1900 on 27 July to 2000 on 28 July 1976.
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DOERRE, LA o 180 m FE X b B

L s B A R, LRI ST 120 m

BLELTwb, coZenbroltiesnT
Table 4. Variation of water Temperature (°C)

at St. 8 from 1900 on 27 July to 2000 on
28 July 1976.

Temperature (°C)

Depth (m) Variation Difference
0 21.9-23.3 1.4
20 18.0-22.3 4.3
50 10.5-14.7 4.2
70 6.5-10.3 3.8
100 3.3- 6.0 2.7
200 1.0- 2.8 1.8

DEPTH

150+ g
(m)

Fig. 4-a. Vertical profile of salinity (%) from
surface to 160 m deep in July 1976.
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Fig. 4-b. Vertical profile of salinity (%0) from
surface to 1,400 m deep in July 1976.

MEISEA PRI NS, ¥72, 400 m DIEOKEE,
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St. 8 R AR OERERENL, Fig. 3 0k
5 Ch b, FEMD 200 m ER BT 5 & BAKR
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INE D, 20m Pk 20°C Pl E, 400 m
DI 1% 0.0~0.5°C O KIVEREEL T 5,

@ H o

A ENEK A Fig. 4-a,b wind, AMHERS
Fh b bR LFC = D08 140 m PIRLE

Table 5. Variation of salnity (%0) at St. 8 from
2000 on 27 July to 1500 on 28 July 1976.

Salinity (%o)

Depth (m)

Variation Difference
0 33.8-33.9 0.1
20 33.9-34.0 0.1
50 34.2-34.4 0.2
70 34.2-34.3 0.1
100 34.1-34.2 0.1
150 34.0-34.0 0.0
TIME
7721 7728
20 00 04 08 12 (h)
0 A
S e
R

5 .3
-—/\34.3
100
4.1
34,0
150 /\‘
(m)

Fig. 5. Variation of salinity (%) at St. 8 from
2000 on 27 July to 1500 on 28 July 1976.
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Fig. 6-a. Vertical profile of density (o;) from
surface to 160)m deep in July 1976,
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Fig g-b. Vertical profile of density (s4) from
surface to 1,400 m deep in July 1978.
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Fig. 7. Water masses in the Sea of Japan by mean of T-S diagram. Date Partly
quoted from Journal of Oceanography (1934), Hydrographic Bulletin (1950),
Oceanographic Promt Reports of Maizuru Marine Observatory (1976).
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Schematic representation of Fig. 7.
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Fig. 9. Schematic representation of warm water
masses in the vertical profile from St. ] to St. 8.
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AN e s Tuv b, 400 m ZEix, 5.0~5.5ml/l
DEHEATH Y, thiF - dAAIT) RIRLHAE
mBEEKOME—HL T 5,

St. 8 R HEEFEHEOWMAER L, Fig. 11
DIX>5Thb, i, REID IS0mBELBTS
BBOBEBROLEIEY Table 6 C/RT. £H
gk, 50m EaHEkT 0.9ml/l #RL, KB L
e h KEV, 20m Plikici, 5.5 ml/l YT
DWFAKIVEEED B b, 20~100m FETix 6.0
ml/l P k& 5.5ml/l DN HECHETAHZ &
HRERDHLN, (EEEFAKDHERELILERE KO
B 2 13F—B L T\ b,

(6) pH
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Fig. 10-a. Vertical profile of dissolved oxygen
(m1/1) from surface to 160 m deep in July 1976.
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Fig. 10-b. Vertical profile of dissolved oxygen
(m?/1) from surface to 1,400m deep in July 1976.

pH $AENEN% Fig. 12 R4, pH A
L CiL, P & 2MENIEFC/NI v, JbET
HEGEN S, Fho, BEEREBINT AT
BT B D B0 KRR X ORI D HE
EfEo 50m FErALE LT 8.3 DEAREDD
nBHN, OWMMIEESIER L OEEER LG
F—FHL w5, ¥/, 400m PZEx, 7.8~7.9
DEAC L VY RELIBEERL T 5,

St. 8 kit 5 pH oL EN:, Fig. 13 o
L5 TChbH, i, KEND I0m B BT HE
Bo pH HoZXEg4s Table 7 iwxd, LE)E
i, £BEH/HIC 0m ETRENS V. 20O

TIME

20 00 04 08 12 (h)
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100///"\
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Fig. 11. Variation of dissolved oxygen (ml/]) at
St. 8 from 2000 on 27 July to 1500 on 28 July
1976.

Table 6. Variation of dissolved oxygen (ml/l)
at St. 8 from 2000 on 27 July to 1500 on
28 July 1976.

Dissolved Oxygen (ml/l)

Depth (m) Variation Difference
0 5.0-5.1 0.1
20 5.2-5.6 0.4
50 5.4-6.3 0.9
70 5.5-5.9 0.4
100 5.6-6.0 0.4
150 6.2-6.7 0-5
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Fig. 12. Vertical profile of pH from surface to
1,400 m deep in July 1976.
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Fig. 13. Variation of pH at St. 8 from 2000
on 27 July to 1500 on 28 July 1976.

Table 7. Variation of pH at St. 8 from 2000 on
27 July to 1500 on 28 July 1976.

pH
Depth (m) Variation Difference

0 8.2-8.3 0.1

20 8.2-8.3 0.1

50 8.3-8.3 0.0

70 8.2-8.3 0.1

100 8.1-8.3 0.2

150 8.0-8.2 0.2

Fig. 14 ©wR4, 0.20m™! Yl LoEBERit, X
FHEREH & 0 dbRFHEIL FCE 5 [ © 20~60 m
RCHFET %o 2D OE BN P E K
Ch DM, FLROEECHREOREEO T i
LT\%, BEOBAML, KAMHEEF Tt 50m
BC05m™, kfnH#IbF Cix 42m ZEC 1.30 m™!
B L OdeRFdb#E it 50m % ¢ 0.57m™ T

DEPTH

150 -
(m)y|_

Fig. 14. Vertical profile of beam attenuation
coefficient (X 107°m™") from surface to 160 m
deep in July 1976.
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Fig. 15. Variation of beam attenuation coefficient
(x10™2m™") at St. 8 from 2000 on 27 July to
1500 on 28 July 1976.
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Table 8. Variation of beam attenuation coef-
ficient (m™) at St. 8 from 2000 on 27 July

5 & W16k W1T (1978); BiLigrEELE

to 1500 on 28 July 1976.

Beam attenuation coefficient

Depth
epth (m) Variation Difference
0 0.13-0.17 0.04
20 0.16-0.22 0.06
50 0.25-0.32 0.07 =
70 0.11-0.16 0.05 g
100 0.08-0.11 0.03
120 0.07-0.11 0.04
48* 0.39-0.68 0.29
* Highly turbid water was found at the layer of
48 m deep. L
/ Vo
wolil i/ \ \J
{m)
Fig. 16. Vertical profile of seston weight (dry,
mg/l) from surface to 200 m deep in July 1976.
‘“7§ St.3 (o) [ %583 (20 vSt3 (aem) | % 5t.3 (83m)
b OS5~ 7 { Om O S- 7 (o) OS- 7 (50m) O s- 7 (75m)
L a2 (o) A M- 2 (25) 4 M- 2 (a9n) aM- 2 {73m)
- 1055 g
—I-—
€
2o A - 4
-
)
-
Z
&0 .
. E
5 4
s d
W
g v
3 10% L L
Zz F
1 01 E r 3 \
1 0° . L Y n L " o & s . . s L N N :
2 4 81632 1 2 4 81632 1 2 4 8 16 32 1 2 4 8 16 3.
PARTICLE DIAMETER (u)
Fig. 17. Size distribution of particles.
Y% St. 3 in the present area.
O Main stream of the Kuroshio (After MATSUIKE and MORINAGA 1977).
A Cold water mass off Kumano-Nada (After MATSUIKE, unpublished).
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D, Thadldl CEEEBI HIRCIHL T
W,

MATSUIKE and MORINAGA (1977)'® 11, 2
Mk L OBEERCR T, BEOERBEALYIT
W, BT 50~60m EICEBEKNELEL
TWbBZ ExRL, FORRITARKDEARIT
230 CHhBI EEHLMC LI, UL, K
FiHemRIC B » EEERL, BERhoEE
BOX3E, BREKDEBARLZLBHO T
LA GCHEBTE D, KRBT 5 EERK
ir, BERTPOEBEAKCHS 3~T FEENE
Vo IHIE, EHEEKAD g 2, BT 22.5~
23.5 ThHHORHL T, KMFEOH LT 25.0~
26.0 DB HFET 5,

St. 8 kT B BEORRZENL, Fig. 150 X
5Thb, Fto, BEND 160m FEHECRIT 54
Bo@EoZEiEs Table 8 wiid, £EIEL,
BEOBABTRIRZ V. ZOZ ENbLEEE
BT, M hiERcEKOBE NS S LR
BIhb,

CoOEBERBCELT, BLEESLSZ LI,
BEEROME L tORRTHA S, EEDLIL,
CORADIDE 1B BIOCLOILHELDE
BYEBIRLI, 7, BREYESEORETMI,
Fig. 16 o X5 Thb, AFHERED 26m &,
KAk L b RfEomRo 40m #E, JLRFHE L
DR R X CILRMMEIEZD 45m BT, F1L
Nl 1lmg/lP EofExRL, 2hbahinEl T
BEYBEZ ., INDLOER, EBERERE—HL

Table 9. Comparison of the distribution constant

(m) of particle size. Distribution constant
(m) derived from the equation N=aX™™
(Where, ‘““N”’ stands for the number of

particles, “‘X’’ for diameter of particles,
and ‘¢

6 3
a

m’’ for constant, respectively.)

Distribution constant
Om 25m 50m 80m

Yamato Bank (St. 3) 3.5 3.1 4.3 3.0
Kuroshio* 3.9 3.2 3.5 2.9

Cold water mass
off Kumano-Nada** 3.1 3.6 3.5 3.2

Area

* After MATSUIKE and MORINAGA (1977)'®
** After MATSUIKE (unpublished)

T, R HT HBEYOEREN0.3mg/],
HEANE TR EcEREL 7~ 7 ¢ 0.6 mg/!
(SASAKI et al., 1975)'0 THAH o L5 EET 5 Ir
DX, HERICHT 5 BEYOERIHEY L X

bDEFR Do
Table 10-a. Cell numbers of phytoplankton at St.
3’ in July 1977, determined by Dr. M. Murano.
Number of phytoplankton (cells/l)

Species

Depth (m) 0 38 48 58 100 150
Corethron hystrix 442 5 1
Thalassiosira spp. 27 1 24 69 266 71
Coscinodiscus sp. 1 13 9
Coscinodiscus asteromphalus 1 1 1
Rhizosolenia stolterfothii 7 16
Rhizosolenia hebetata 4 5 1
Rhizosolenia sp. 3
Bacteriastrum sp. 22 5 9
Chaetoceros atlanticus 4 3
Chaetoceros concavicornis 21 23 6
Chaetoceros densus 714
Chaetoceros sp. 15 4 1
Asterionella japonica 4
Thalassionema nitzschioides 3 30 74
Ethmoctiscus sp. 1
Nitzschia seriata 15
Nitzschia losterium 7 6 13 4 1 1
The others Pennales 87 7 14 19 6 4
Distephanus speculum 1 40 7 13 5
Dinophysis sp. 2
Peridinium spp. 63 17 2 8 15 11
Ceratium furca 62 1 1
Ceratium fusus 2 3 2
Ceratium macroceras 1
Ceratium hohoidii 1
Exuviaella sp. 2 5

Table 10-b. Individual number of zooplankton at St.
3’ in July 1977, determined by Dr. M. Murano.

Number of zooplankton (ind./l)

Taxa

Depth (m) 0 38 48 58 100 150
Gymnostomatic 2
Radiolaria sp. 2
Tintinnoinea 28 1 16 36 66 62
Ciliata spp. 348 24 66 98 10 18
Globigerinidae spp. 5 7 7 3 2
Copepod 19 106 146 37 10 7
Class Hydrozoa (Jellyfish) 1
Urochorda 1 2
Gastropoda (Roll-shell) 1
Order Cladocera 1
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LD ThbH, EEEC LS (Corethron hystrix)
PHERZ R, OB LKL T, ISR
ERHENDD EIT 20

Licho T, AIEOZ LS BEEENKE W
Tk, INEHRKTFNEBNE, ZrRrT7 4 NaE
DB EREZERTALELIE, ZoEBEBCR
EM DI AR RERI P EZ B-TED, L
Mh, TALIITEYE DborS L EfETESR
5o
IOX 5B, ZhbOWHEIMIKCERS
nepieonTi, A%0 T — 2 ORL S
R X - THBMNT Lo,

3. E Oo#©

KFHEA BB R DA RN, £, B
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Distribution of the Japanese Spiny Lobster Population
with Special Reference to Catch Statistics in Section*

Kazunori TAKAGI**

Résumé: La répartition de la langouste japonaise, Panulirus japonicus, est passée en revue

par rapport a la capture annuelle au Japon.

Les statistiques officielles des péches régionale

et préfectorale a la langouste nous fournissent un aspect général de ’aire et de ’intensité de
sa réparrition. L’analyse additionnelle de la fluctuation de captures nous suggére d’un mode
de sa dispersion qui peut &tre tributaire du systéme du Kuroshio par la capacité de transport.

The Japanese spiny lobster population,
Japonicus, has
considerable amount of fishery production in
Japan. Furthermore, it draws not a little
attention since 1974 (Homma 1976) in con-
nexion with the reestablishment of the coastal

fisheries in Japan.

Panulirus provided us a

Few contributions have
been given, however, on the general aspect of
this production. The present report will add
to them a review on the domestic catch sta-
tistics of this shellfish for these fifteen years,
1960-1974, to show general trends of qualitative
and quantitative distributions of this population
in Japan.

Material and Method

The main sources of annual catch evaluation
in total and section is the official master sta-
tistics, edited by the Fishery Agency, Ministry
of Agriculture and Forestry. Emendation of
the catch evaluation are made here, if necessary,
by reference for concerned years to the official
statistics by prefectures edited by local agencies
of the ministry; especially for 1964, when the
master statistics provide us not so accurate
figures or those summed up in 1000 tons, while
those for all the other years in one ton.

Catches in section depend on the authorized

* Received November 10, 1977. This paper was
read in part at the annual meeting of the Franco-
Japanese Society of Oceanography, 31 May 1977,
Tokyo.

** Laboratory of Fishery Biology, Tokyo University
of Fisheries, Minato-ku, Tokyo 108.

fishery regions as well as prefectures. This
report follows, then, the official regional
divisions for Japanese fisheries, and here (Fig.1)
is referred to Pacific North, Middle and South
Regions, Japan Sea North and West ones and
East China Sea Region, as well as Inland Sea
Region.

Results

TOTAL AND SECTIONAL CATCHES:
Total fishery production in Japan here described
is based on the official master statistics for all
years but 1967 (1935 t) and 1974 (1242 t). The
original evaluation for these two years is 1551
and 1289 t respectively; for 1967 the emendation
is made by the reevaluation in Tokushima and
Nagasaki Prefectures; for 1974, by elimination
of Okinawa Prefecture production, which is
registered in statistics first for this year after
the restoration of this boundary in our territory.
The original figure for 1964, as referred to
above, is replaced by a revised figure found on
the book for succeeding few years, where it is
shown as reference data.

The unit production in this study is prefecural
ones. For the 15 years treated with here the
spiny lobster fishery has produced in 23 littoral
prefectures in total, including Tokyo Metropolis.
The prefectural production is usually summed
up in a single region, with some exception. It
is noted here that the production in Hyogo
Prefecture is made only in Inland Sea Region,
though this prefecture has the opposite coasts

in Japan Sea West Region. Exceptions are in
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relation to Inland Sea Region and its adjacent
ones. Original evaluation in prefectures con-
cerned (seen in Table 1, with asterisk) is inde-
pendently made on productions from open sea
and inland sea regions, which are referable to
the local books of statistics, mentioned above.
It is apparent that open sea production is
dominant there.

Minor emendations are also made for years
and prefectures, when they are considered to
be reasonable.

These revisions are summarized as total and
sectional catches in Table 1.

GEOGRAPHICAL DISTRIBUTION: As
far as our survey goes, the spiny lobster fishery
in Japan is operated in southern half of the

Japan Sea

Pacific
South R

Pacific
Middle R

territory, on the one hand to northernmost
prefectures of Fukushima and Yamagata in
Pacific and Japan Sea North Regions res-
pectively, and on the other hand to southernmost
Kagoshima Prefecture in East China Sea Region.
As referred to above, the actual southern limit
in Japan is apparently in Okinawa Prefecture
which is out of the question here, unless other-
wise stated.

As for the inequality in range, in all Pacific
and their adjacent regions a large number of
littoral prefectures can produce the spiny lobster,
except of four littoral ones in Inland Sea
Region: QOsaka, Kagawa, Okayama and Hiro-
shima Prefectures. In Japan Sea North and
West Regions, a little production has been

Japan Sea
North R

Pacific
North R

Fig. 1. Administrative sections (1-23) and authorized fishery regions of Japan, in relation to the
production of Japanese spiny lobster fishery. Source and section codes (1-23) referable to
Table 1. R, region. Inland Sea Region, without nominal indication, defined here by cross

marks (X).
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known only in three prefectures of Yamagata,
mentioned above, Ishikawa and Yamaguchi.
QUANTITATIVE DISTRIBUTION: The
total catch in Japanese waters is 1483.9 t in
average, and fluctuates between 1242 t in 1974
and 1845 t in 1964 during the 15 years con-
cerned (Table 1; Fig. 2, larger circles). It
comes principally from three regional pro-
ductions in East China Sea, and Pacific South

and Middle Regions.

Regionally speaking (Table 1; Fig. 2, smaller
marks), the most remarkable catch occurs in
East China Sea Region. It is 533.7 t in average
(445-781 t), which is equivalent to 36.0 % of
the average total catch; second in Pacific
South and Middle ones; the catch is on the
same level between them, and corresponding

figures are 457.6 t (326-614 t, 30.89%) and

Table 1. Total, 5 regional and 23 prefectural catches (in ton) by Japanese spiny lobster
fishery for 1960-1974. Code numbers 1-23 correspond to those seen in Fig. 1. Asterisk (*),
production fron an extention over 2 regions. Subnumber with one dash (/), production
exclusively from open sea region. 9% T, percentage of average catch (Mean) to average

total catch. In column of catch: 0, less than one ton; —, no registration of catch.
Years 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 Mean %T
Total 1299 1289 1604 1495 1845 1574 1566 1535 1690 1602 1485 1334 1414 1284 1242 1483.9 100.0
Pacific North 0 0 0 0 0 0 0 5 — - - 2 4 6 3 1.0 0.1
Middle 394 391 496 439 449 404 463 468 543 536 522 409 497 421 398 455.3 30.7
South 397 371 454 416 553 518 493 544 614 517 469 411 426 326 355 457.6 30.8
E. China Sea 474 496 572 618 781 614 577 491 505 520 467 475 445 503 467 533.7 36.0
Inland Sea 31 29 81 23 33 38 33 32 29 29 27 37 42 28 19 34.1 2.3
Fukushima 1 - - = - = = = = = = = — 1 2 — 0.2 0.0
Ibaraki 2 0 0 0 0 0 0 0 0O - - — 2 3 4 3 0.8 0.1
Chiba 3 111 97 82 74 74 90 123 145 173 181 135 117 175 106 96 118.6 8.0
Tokyo 4 31 20 22 25 41 45 51 45 52 65 72 71 74 51 61 48.4 3.3
Kanagawa 5 31 45 65 52 41 32 44 35 25 30 24 12 17 23 18 32.9 2.2
Shizuoka 6 51 66 106 95 98 95 88 75 114 126 158 117 123 122 121 103.7 7.0
Aichi 7 0 0 1 — 0 0 0 0O — - - — - 1 1 0.2 0.0
Mie 8 168 161 219 193 195 142 156 168 179 134 133 98 108 118 101 151.5 10.2
Hyogo $ 1 3 3 1 1 1 1 2 2 2 1 1 — 3 — 15 0.1
Wakayama* 10 180 125 215 136 195 216 200 232 301 230 195 172 193 153 171 194.3 13.1
107 157 111 152 125 181 197 191 225 291 219 187 164 185 144 164 179.5
Tokushima* 11 75 63 82 61 87 66 66 67 84 75 63 43 43 37 32 62.9 4.2
11/ 60 54 69 52 70 56 51 53 70 63 53 35 36 31 28 52.1
Kochi 12 62 63 64 71 109 87 106 147 129 102 95 84 87 51 50 87.1 5.9
Ehime* 13 3 3 5 5 4 18 13 11 11 12 33 27 35 17 23 14.7 1.0
137 3 2 5 5 3 10 5 2 8 8 25 7 8 11 15 755
Oita* 14 31 35 40 33 26 26 18 20 19 12 19 22 21 26 37 257 1.7

14’7 31 3 40 33 26 26 18
Miyazaki 15 83 105 121 128 164 142 122

Kagoshima 16 124 108 139 164 199 212 177
Kumamoto 17 88 147 182 247 317 194 187
Nagasaki 18 261 237 247 203 265 208 213
Saga 19 0 2 2
Fukuoka* 20 0 0 0

0

Yamaguchi* 21 — —
Ishikawa 22 0 —
Yamagata 23 = - -

20 19 12 19 22 21 22 37 254
97 97 113 90 99 89 67 61 105.2 7.1

174 158 156 183 190 189 230 201 175.6 11.8
110 146 132 67 67 59 51 50 136.3 9.2
207 198 197 218 218 197 222 216 220.4 14.9

- = — — — — — 04 00
0 3 5 — — — — — 05 00
- — — — — — — — 00 00
- - — — — — — — 00 00
- - — — — — — — 00 00
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455.3 t (391-543 t, 30.7 %) respectively. Sub-
sidiary productions are in Inland Sea Region
and on far much lower level in Pacific North,
and Japan Sea North and West Regions.

In the 5 prefectures of East China Sea
Region of the highest productivity, the pro-
duction in Nagasaki Prefecture is most con-
spicuous, that is, 220.4 t in average, which is
equivalent to 14.99; of average total catch;
this size of production has no equal in any
other regions mentioned here; second, 175.6t
iin average (11.8% of average total catch) in
Kagoshima Prefecture; third, rather higher
production of 136.3 t (9.2% of average total
catch) in Kumamoto Prefecture. It is interesting
that this high productive region includes a
provoking contrast to them. This occurs in Saga
and Fukuoka Prefectures (0.4 and 0.5 t res-
pectively), both of which are close in location
to Japan Sea West Region of very minor
productivity.

In the 6 prefectures of Pacific South Region,
the regional productivity is represented first
by the catch in Wakayama Prefecture, or 194.3

17
17+
15+

I3

1 I 1 L It i It 1 1 1 | L 1 1 Il

‘60 ‘65 70

Fig. 2. Annual fluctuation during 1960-1974
(abscissa) of catches (in 100 tons; ordinate) by
Japanese spiny lobster fishery. Larger marks,
total catch in Japan: annual valuation (closed
circle) and its moving average by every three

years (open circle); smaller marks, regional
catch from Pacific South (closed circle) and
Middle (closed triangle) and East China Sea
(open circle) Regions. Source referable to
Table 1.

t in average (13.19% of average total), which
is the second among the 23 prefectural produc-
tions. The second of this region is seen in
Miyazaki Prefecture (105.2 t), and the third
in Kochi Prefecture (87.1 t). Further minor
productions occur in the prefectures affected
strongly by Inland Sea waters, of Ehime and
Oita (14.7 and 25.7 t respectively), as well as
in Tokushima Prefecture (62.9 t).

As for the 6 prefectures of Pacific Middle
Region, Mie Prefecture is most productive in
catch; its annual catch is 151.5 t in average
(10. 29%; of average total), which is fourth among
all the prefectural productions. The second of
this region is in Chiba Prefecture (118.6 t in
average); The third in Shizuoka Prefecture
(103.7 t). The other three prefectures of
Tokyo, Kanagawa and Aichi (48.4, 32.9 and
0.2 t respectively) are minor in this region.

It seems noteworthy here that Kii Peninsula
represented by Wakayama and Mie Prefectures
is remarkably productive (331.0 t in average)
on Pacific coasts, since they produce the second
and fourth catches through prefectures, as
pointed above.

Discussions

GENERAL REFERENCE TO THE
FISHERY: The spiny lobster is always caught
in Japan by the cooperative fishery (Homma
1976, Kaneda 1976) working within general
range of three miles in distance from coasts.
This shellfishery is generally operated by means
of bottom gill nets, and also locally by pots;
no pot fishery has worked but in a certain area
of Miyazaki Prefecture (Kaneda 1977, Kuroki
1972).
effort.

This fishery is under official regulations on
season as well as on fish size (Kaneda 1976).
The season is closed in 15 prefecture for 2-5
months (3.5 months in average) to protect the
spawning activity of the fish. The minimum
size restriction is set up in 16 prefectures, and
the lower size limit ranges 13-20 cm in body
length* by prefectures. These regulations may

It seems to show a uniformity of fishing

* Mie Prefecture set up exclusively the size
limitation of 4.2cm in carapace length. This
is convertible to 13 cm in body length.
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be neglected here, if they are a possible factor
affecting the size of production from the view-
point of fishing vulnerability.

RANGE OF DISTRIBUTION: Few
detailed descriptions have been made on the
domestic distribution of Japanese spiny lobster
from both biological and industrial standpoints;
if done so, most of them are given geographical-
ly but not ecologically.

As for the global distribution, this Indo-
Pacific species (Kubo 1954: 99) has been
recorded from Japan, Taiwan (Formosa), Hawaii
Islands, Tahiti to New South Wales, as well
as from Natal (S. Africa).

Within the Japanese, territory, our survey
may add some evidences to the knowledge of
distribution of this species. The northern limit
of its range has been known (Kubo 1959) to
be in north Miyagi Prefecture on the Pacific
coasts, and in Noto Peninsula (Ishikawa Pre-
fecture) on the Japan Sea coasts. It is apparant
that Miyagi Prefecture, located between southern
Fukushima and western Yamagata Prefectures,
must be biologically, or very seldomly recorded,
even if it were possible in the range of this
shellfish. Yamagata Prefecture shoud be first
referred to here in a scientific report as the
northern limit of its range, both biological and
industrial.

CONCENTRICITY IN DISTRIBUTION:
As far as the present scrutiny goes, the spiny
lobster fishery is relatively active in a certain
““coastal area washed by Kuroshio and Tushima
Current* (Kubo 1959)”° and such an area may
be rather clearly defined as a belt of higher
productive prefectures from Nagasaki to Chiba,
including Kagoshima. Within the area as defined
above, most of higher productive prefectures
are found on southern half of Japan, in East
China Sea Region as well as in Pacific South
Region, since the best five is represented by
Nagasaki, Wakayama, Kagoshima, Mie and
Kumamoto Prefectures.

The trends of concentration has been summa-
rized as ‘“‘abundant on the Pacific coasts south
of Ibaraki Prefecture to west coasts of Kyushu

* Tsushima Current is considered here on the
basis of an illustration by Inoue (1974).

District (Kubo 1965: 626), ‘‘and rare on the
Japan Sea coasts north of Yamaguchi Prefecture
(Kubo 1960: 101),” though the last mentioned
prefecture should be said rather far from the
range of concentrative distribution, limited
there by Nagasaki Prefecture, as shown already
here.

In this connexion, here is noteworthy a
contradictory statement on the higher productive
Nagasaki Prefecture. Oshima (1976: 1-2)
refers to it as one of minor productive pre-
fectures washed by Tsushima Current. He
(1976) shows, however, in his Table 1 at the
same time its prominent catch based on a sta-
tistics (for 1969-1973) by prefectures, and refers
to a tendency of higher productivity on south
to west coasts of Kyushu District, mentioning
the prefecture in question. It is apparent that
this contradiction comes from his intention to
lay stress too much the lower productivity of
spiny lobster fishery on Japan Sea coasts affected
by this extension of Kuroshio system.

As pointed out above, an active area of
fishery production may includes locally inactive
Among others, Aichi Prefecture
(Table 1) shows a striking inactivity in the
range ol higher productive Pacific Middle Region,
because, as referred to by Oshima (1976: 2),
on its totii range of coasts develop few rocky
grounds which must be a necessary factor for
profitable establishment of the spiny lobster
population.

SECTIONAL HOMOGENEITY AND
CENTRE OF DISTRIBUTION: As mentioned
above, the total production depends in size
considerably upon the three major regions,
especially upon southern half of East China Sea
Region and Pacific South one; the latter

subare as.

Table 2. Coefficient of correlation in annual
fluctuation for 1960-1974 of Japanese spiny
lobster among regional (A-D) catches, and
between national total and regional ones
(X Total). Source referable to Table 1.

Region A B C D  XTotal
Pacific Middle A X 0.22 0.62 0.06 0.59
Inland Sea B X 0.10 0.13 0.26
Pacific South C X 0.40 0.88
East China Sea D X 0.72
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includes an important area of Kii Peninsula.

In such a concentrated area of the three
major regions, an interesting homogeneity is
recognized. It is concerned with interrelation-
ships in annual fluctuation among sectional
catchei (Table 2). The coefficient of correlation,
r, of Pacific South Region to Pacific Middle
one is so higher (»=0.62) than to East China
Sea one (r=0.40).

As for the other possibilities, the inter-
relationships in question are apparently low:
almost negative (»=0.06) between East China
Sea and Pacific Middle Regions, and negligible
(r=0.10-0. 22) in relation to Inland Sea Region.

It seems reasonable, therefore, that Pacific
South Region is considerably identical with
Pacific Middle Region by their close inter-
relationships mentioned above as well as by
their comparable size of fishery production.
This supposition may be accepted from biological
viewpoint.

It is interesting to note here that Pacific
South Region affects by its production domi-
nantly the domestic total one in catch fluctu-
ation (Table 2), since the coefficient of cor-
concerned is 0.88. Corresponding
relationships of the other regions are: 0.72 in
East China Sea Region, 0.59 in Pacific Middle
Region, and 0.26 in Inland Sea Region. It is
apparent that regions in Japan Sea are negli-

relation

gible herein.

The supposition proposed above seems to be
supported by similar interrelationships at the
intreregional level, and a homogeneity between

prefectural sections is considerable in the regions
concerned. Among important three prefectures
of the major regions (9 prefectures in total),
the interrelationships in catch fluctuation (Table
3) are found to range between 0.01 and 0.92
in coefficient of correlation.

It is interesting that the coefficient of cor-
important (»=0. 80)
between a contiguous couple of Wakayama and
Kochi Prefectures, again in Pacific South Region,
and also between a similar couple of Shizuoka
and Mie Prefectures (#=0.46) in Pacific Miedle
Region. In fact the former is so high that it
ranks second in the 36 cases in total. These
interrelationships bring forward may other
problems of distributional pattern, which will
be reviewed in the future.

After all, when such an interregional homo-
geneity is accepted between Pacific South and
Middle Regions, it is probable first (Kubo 1969:
21) that these regions provide the shellfishery
production from the same and big stock of the
fish in Japan. Taking into consideration again
the extent of concentration of the fish, an
important centre of distribution is to be reason-
ably recognized in the range of this big stock,
and may be in the Pacific South Region.

It is taken notice of here that the catch
fluctuation is more variable in this region than
in the other major regions. The coefficient of
variation is given by our data as 17.86% in
Pacific South Region, though 11.70 and 16.39
% in Pacific Middle and East China Sea Regions
respectively. The two Pacific regions as a

relation concerned are

Table 3. Coefficient of correlation in annual catch fluctuation for 1960-1974 of Japanese spiny
lobster among important prefectures (3-18) of Pacific Middle (PM) and South (PS), and

East China Sea (ECS) Regions.

Source and code number referable to Table 1.

Prefecture 3 6 8 10’ 12 15 16 17 18
B Chiba 3 X 0.33 0.35 0.70 0.53 0.35 0.05 0. 47 0.61
PM Snizuoka 6 X 0.46 0.24 0.01 0.22 0.58 0.32 0.44
Mie 8 X 0.02 0.22 0.59 0.54 0.75 0.43
Wakayama 10’ X 0.80 0.04 0.02 0.02 0.45
PS Kochi 12 X 0.34 0.07 0.25 0.33
Miyazaki 15 X 0.03 0.92 0.22
Kagoshima 16 X 0.12 0.39
ECS Kumamoto 17 X 0.29
Nagasaki 18 X
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whole is found less (13.399%) in
comparison with East China Sea Regions. The
larger variability of catch fluctuation is known
(Kubo 1969) as a negative condition in the
centre of distribution. The obscurity found
there may be solved in further scrutiny.

When the centre of distribution in Pacific
South Region is aggreeable, Kuroshio supports
this supposition by its possible flow pattern
(Inoue 1974, fig. 2.2). The fish may disperse,
then, on the two ways depending well upon
Kuroshio system, as refered to on the preceed-
ing lines. Flowing directly in Pacific South
Region, its main current seems to have priority
in effect as a transporter of the fish over
Tsushima Current, a branch of the system in
question.
regional homogeneity, pointed out above, are
found to show a good reflex of the probable
role which these components of current system
play.

Complementarily speaking, the interrelation-
ships mentioned above in reference to the major
three regions may be contemporary (Table 4).
The interrelationships in annual catch (»=0.01
-0.51) between Pacific South Region at a year
and one of the others one- or two-year later
are always second to the contemporary ones.

variable

The trends of concentration and

It suggests that the spiny lobster population in
Japanese waters depends for its recruitment
principally upon a single or else simple source,
which arise probably from Pacific South Regions,
as reasoned from the previous lines.

This supposition may be supported by availa-
ble evidences (Murano 1967, 1971) which tell
us concerning the Japanese spiny lobster in the
Pacific coasts a so to say all round distribution
o{ phyllosoma larvae at later stages.

Table 4. Dependency represented by coefficient
of correlation in annual catch of Japanese
spiny lobster of Pacific Middle (PM) and East
China Sea (ECS) Regions upon Pacific South
Region (PSn), in relation to time lag of 0 (n)
to 2 (n+2) years.

PSn n n+1 n+2
PM 0.62 0.49 0.51
ECS 0.40 0.01 0.35

Conclusions

1. Based on available official sources of
domestic statistics for these 15 years, the
Japanese spiny lobster fishery produce annually
total catches of about 1500 t in average in
southern half of Japanese coasts.

2. The national total catch comes from the
major three of authorized fishery regions, that
is, Pacific South (31% of average total catch)
and Middle (31%) Regions, as well as East
China Sea one (36%).

3. Based on administrative sections, the
national catch consists of 23 prefectural pro-
ductions, which may be importantly represented
by Nagasaki (159 of average total catch),
Wakayama (13%), Kagoshima (12%), and Mie
(109%) productions.

4. The domestic range ever known of this
Indo-Pacific species is a little emended here
from biological and industrial viewpoint. The
northern limit of tne range is in Miyagi and
Yamagata Prefectures on Pacific and Japan Sea
coasts respectively, while the southern limit in
Kagoshima Prefectures, as here is Okinawa
Prefecture out of discussion.

5. A concentricity is recognized in distri-
bution of the fish, and the important area of
concentration may be represented by a belt of
higher productive prefectures limited by Chiba
and Nagasaki, including Kagoshima. An addi-
on Kii

Peninsula represented by Wakayama and Mie

tional concentration is remarkable

Prefectures.

6. Judging from reliable interrelationships
in fluctuation of regional catches, an important
centre of distribution is supposed to be in
Pacific South Region, and the dispersion from
there is suggested to depend upon the flow
pattern of Kuroshio system. It gives us a good
image as if the main current of the system has
priority in biological effect over Tsushima
Current.

7. Close interrelationships in catch fluctuation
among important regions may be contemporary.
It may support a supposition for Japanese spiny
lobster population to be recruited by a simple
source.
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Fig. 1. Carte pour la réference aux pécheries
de la langouste en France et aux Cornou-
ailles de I’Angleterre. 7 5 VAR XU a
o —WHT (475 N) DT T AL

INED X 5 ThhH, TNE—=2D/MIEZ D
DT200EEX, HOESIKEL-T1LH1I~2[F
PO BT 5,
FAYTOBERIIC LIS E, ZZTOZOMR
i 5t Ko /NEBI AT X A/NEE RO TH
L, BEI1E2AC, 108X 1B ELTH
Do Mafidng, KEE S0-T5 m BN THHR A £
27D, WHBIFRLYBREERREL, By
Bbyms o Likic, BT « v—Y 2 DERE
1 1t, Bourdon (1965) @ XX, #IRIE 5 90
mF¥FTThb, 7 &2UOMMT, 2OEREFL
BRI E F AT — = 2B RET LA (F
V) R ETHERMAY L G E SCRICHRE
T 5,
WERECORNER L, TAx—=adtEox
F) =gl MBI T B, TOERBIEHN

Fig. 2. La modéle a la Bretagne du casier a
langoustes (en haut) et un langoustier au
port du Conquet (en bas), par les bons
soins de MM. Uno et Koike. 7% —=
RO (B) &2 CfER (T,

(45)



46 5 & B|leXk W1E (1978); BIMEH(LAE

vV =B (F ez VBT, HRAREIT1IEY
DRI240 X (RHHPEOm) Thb, T TAN
ok, FEERETOTRELHBTH LN,
COBABIE AT 18240250 AR &
Ihb,

FHRPIBELDE T, BERT RNEED 5 v
=Ry ML S5 THRENBTH S, RFABHL 2 OEE
e &, 72 VEERFEL T, Rz &<

15

10|

CEF B Then 23, flIR &R 18cm ISTPM
v Aa7RREL Y - AR X AB) T, Zhit
2E—ED L5 ThbH, NIFY ~ AR LR,
T A=Y al3d i) KRB BEIT5 LELD
NN B R, BT RN TRV Lo,

CCCRICABCRES L A EUBE A <~
Homarus gammarus (=H. vulgaris) =2\~ T4l
Mz THET 5, ZOzC0BRERE T 50m D)
‘LS THBH, EREBES - V-V alLH
Leibndnb, WEOHCIINMEEN DL
THEIRIBZECHDLHDOTHAS Y, BEirE
HHET, FORRETRGEIAFTREIND,
HIRE Ex 283em (ZhiArszs) —RRE L %)
T, EHiLF~~LOBE LT Tk
Fbich, TORXOCDOENHIETHHN, Mg
DEBCESD L LV, BEERT - v ~Y XD
355\,

1 1 2 1 1 1 i 1 1

'55 '60

ol [ B 1 S W | 54
'65

'70 '75
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