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Dark Fixation of CO; and its Ecological Meaning
in the Ocean

Masayuki TAKAHASHI and Shun-ei ICHIMURA

Abstract: The ecological importance of dark CO; fixation was discussed on two points; 1
an actual activity of dark CO, fixation and (2) an indicator for heterotrophic activity. Actual
dark CO; fixation was measured in oceanic waters near Japan. Values measured at 25°C
were on the average 0.45 mg C/m?/day in surface waters (0 to 50 m) and 0.32 mg C/m?/day
in deep waters (50 to 1,500 m). By adjusting the average value for deep samples with the
in situ temperature and pressure, for example at 1,000 m, a value of 0.04mg C/m?/day was
obtained for the in sizu dark fixation of COsz. A value of 120 mg C/m*/day was given as an
estimate for the total dark fixation of CO: in a water column in the study area. The pro-
files of dark CO. fixation were very close to glucose uptake’s. These results suggested that
the dark fixation could give some idea on the heterotrophic activity of microorganisms as well.
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Table 1. Dark fixation of CO; (mg C/m®*/day) in ocean waters.
Location 13(3339’? 13§0§0/E 136°30'E 14;1 99 E 144°02'E 145°47'E
21°30’'N 33°05'N 32°307 N 34 57 N 39° 02 N 41° OO I\
gy A ®® B B
Date Oct Zl 67 Oct 30/6/ OLt la 6’7 Jul 18 70 Tul 19’70 _Tul 25'70
Depth (m)
0 0.59 _— 0.33 0.88 0.90 0.43
10 0.21 0.39 0.51 0.75 0.43
20 —_— 0.07 0.25 _ - ——
30 0.26 0.20 0.52 0.45 0.60 0.69
40 0.34 _— = — —
50 E— — 0.36 0.48 0.41 0.22
75 0.12 0.35 0.52 0.28 0.22
100 — 0.27 e 0.41 0.28 0.16
125 —_— — —_— 0.39 0.29 0.22
150 0.04 —_— 0.12 0.20 0.27 0.23
200 - 0.30 — — . —
300 — — — 0.28 0.40 0.25
500 — — — 0.22 1.21 0.27
700 e — —_— 0.37 0.40 0.38
1000 — — — 0.36 0.53 0.36
1500 — —_— R 0.19 0.18 0.38

——— Data were not available.
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(solid) and glucose uptake activity (dotted) a
three different stations along 144°E or 146°E.
Curves of glucose uptake activity were adopted
from TAKAHASHI and ICHIMURA (1971).

R 44 B D 146 B 3 HIE DR Y 5

¥ Table 1 CH¥4) B Lo Fig. 1 (ffzk) 2R
X, Z<EBEILL T 0.7-0.9 mg C/m?/day
L dEs COp BFEIE AP S, ZhUIERT
AT L, 50m T 0.2-0.5 mg C/m3/day
ieh, ZTHIRTIE, W5 7mAET LAakEE
AEOHEINT S

Lz dkk 39;%2 DK EE 500m ¢, 1.2l mg
C/m®/day &\ 5 RWIHAESL L OEIEHIA
T5,

v 3 — AW LG BUE S DR SRR TG o
IR E &2 RTHD L L, UL®mJEO
MEAALE RS 5 L, BT LSRR UL
e h X P A R L,
ZORERME, COx DRFEENE BRI D 15
Bk srBEFEL D Wi, HT o3RG
BiLb,

Table 1 &k, WEOBE KFTD CO,
BELE E, S HICEBRRGEY T 2 54,
EEESE, B FVC%’ULSJ{L/_&L”}
ZEMRBIc et COmKAE FIm o T, &EEE‘*Z
DL oD EEEE LD, /J<‘/mi4£€< A
ERHBITNZ ;%ua@w%t1}@\ﬂ4ﬁ$
Ypi ok 7’/‘&7\”@@ BEOb5 LD BAoEE

DA 5 T2,

Thb, 4, CO DIFREER $0 ) DLEIIS &
FRk Q=2 x¥2 %L, Kl 25°C CTOHEEX
15°C, 5°C ¢ +hFih 1/2, 1/4 & FT%, —
J7, KEEZOWTIE, 1212 100 fHE 5 o 2
L0, BAEHEER I 2EBECETT52 &5
b T, RicKE 1,000 m oFEKico0T,
25°C, HHETFT 0.3mgC/m?/day ©» COz DHf
@ﬁﬁmﬁﬁh g, B 00 5E,
5°C) ToyEMHT 0.3x1/4%x1/2=0.04 (mg C/m?
/day) DHEE IR B, Table 1 OFR %3 &1,
KAEZE 4,000m EREL, TOLKEND CO:
DORFEE Y, K, KEEZHHELTRDD &, 120
mg C/m?/day =72 %,

4, E# =B

RAFDOHNEKTD CO: DRFEEEL LT, RE
K¢ 0.1-0.5 mg C/m?/day, ZEE/KACiz 0.01
-0.1 mg C/m?®/day DEMNMERE Ste, T,
B (TAKAHASHI ef al., 1970) 25 (SEKI,
1968) @ 0.05-100 mg C/m®/day & 1t~\% &, £
D BEMEIC TV e RERIED AT - TR
<o COy oRgHE %z, 0.06 mg C/m?®/day 1%, SEKI
and ZOBELL (1967) & H A ygiE o i gz iy~ 1,000
ma b OREKTOREEE 0.22-0.32 mg C/m?/day
I hETHAE G,

MRS T, BT E SRR NG
ENTAER, WRAEBRA 2T TR L, COZ
DIEFENE L E SR AHN A LD N, HIE

THGETCHE O RBEERITE S oD T, [LES
W2 Ty T L B e Rbhiaus,

Hifr A owikb o CO. TEFEEE L, SHE
K TR N TR AN E WS, il
YOI KL 3,800 m ke THEWD T, 4K
KA %z 5 e CO» OFEFTMEYKE A
%o SOROKIN (1971) qfﬂr((@ 3,000 m
T T4 ﬁﬁbmamvm BIEKIRT 1~
3 HFHUB{"G»ﬁégl/, 1,500xng(:/nﬁ/day A lE
Utso CHUZ, BT 7 HikCHAMIE LT
¥rE mg C/m2/day 1Wich. ARIOTE TR
1z, 1301 120mg C/m?/day BB Th %,

Akt COs HEEE X SOROKIN (1971) D45

LHL{H

39



64 A4 H11%& H2% (1973); RALWHZELE

W3 H L5 KEAEBRERERC LB DL
L SHLREDERCLEIRHBID 5 % 13 CO;
O B I 5 T % (ROMANENKO, 1963,
1964) k5w, AEOEER CECREE 120 mg
C/m?/day D 20 s, F 72> 2,400 mg C/m?/day
OERYRY, (ERARBEN DERT D B
BIC B 75 o SOROKIN (1971) 0B A PE
TOWEME D LicTUE, LEAEHRISD
CELEN L ORI D, AR TR, Al
BWEYNINY T, BHT5v 2 bvaiRl
b, HREOBYLIAREC L HERYIKET 5
DC, RR—EEy»oEe X  CHER
Ashso baBELTH, LEGRYRIINAG
DRE/RL DI D, T2 TIRT, ZOLBRRE
ZGTORH, T bEET L Hricseiis
NTVH LEMLALOT, OB LTI
& DI AL E TH B,

X Ak
ROMANENKO, V. I. (1963):
aquatic microflora for heterotrophic assimilation

Potential activity of

of carbon dioxide and for chemosynthesis.
Mikrobiologiya - (Translated into English from
Russian), 32, 569-574.

ROMANENKO, V. I. (1964): Heterotrophic assimi-
lation of CO; by bacterial flora of water. Maikro-
biologiya, 33, 679-683 (Russian).

SEKI, H. and C. E. ZOBELL (1967): Microbial assimi-
lation of carbon dioxide in the Japan Trench.
J. Oceanog. Soc. Japan, 23, 182-188.

SEKI, H. (1968): Relation between production and
mineralization of organic matter in Aburatsubo
Inlet, Japan. J. Fish. Res. Bd. Canada, 25,
625-637.

SOROKIN, Yu. I. (1970): Quantitative evaluation of
the role of bacterioplankton in circulation of
organic matter in tropical ocean waters. Dokl.
Akad. Nauk SSSR (Translated into English from
Russian), 193, 454-456.

SOROKIN, Yu. I. (1971): On the role of bacteria in
the productivity of tropical oceanic waters. Int.
Rev. ges. Hydrobiol., 56, 1-48.

SOROKIN, Yu. I. and E. B. PAVELJEVA (1972): On
the quantitative characteristics of the pelagic
ecosystem of Lake Dalnee (Kamchatka). In
Biological Oceanography of the Northern Pacific
Ocean. (ed.) A.Y. TAKENOUTI et al. Idemitsu
Shoten, Tokyo, pp. 621-626.

STRICKLAND, J.D.H. (1971): Microbial activity in
aquatic environments. In Symposia of the society
for general microbiology, Number XXI. Microbes
and Biological Productivity, Cambridge Univer-
sity Press, Cambridge, pp. 231-253.

TAKAHASHI, M., Y. YAMAGUCHI and S. ICHIMURA
(1970): Dark fixation of CO: in the lake with
special reference to organic matter production.
Bot. Mag., Tokyo, 83, 397-410.

TAKAHASHI, M. and S. ICHIMURA (1971): Glucose
uptake in ocean profiles with special reference
to temperature. Mar, Biol., 11, 206-213.

C4)



La mer (Bulletin de la Société franco-japonaise d’océanographie)
Tome 11, N° 2, pp. 65 a 69. Mai 1973

Carbonate and Clay Minerals in the Sediments of
Nago Bay, Okinawa Prefecture, Japan®

Saburo AOKI**

Abstract: Seven sediment samples taken from Nago Bay of Okinawa Prefecture facing the
East China Sea have shown the presence of aragonite, low-Mg calcite, and high-Mg calcite
as carbonate minerals and illite, kaolinite, Al-vermiculite and chlorite as clay minerals.

The contents of aragonite, low-Mg calcite, and hign-Mg calcite are related to both the
water depth and the distance {from the land. Low-Mg calcite content increases with increasing
of the water depth and the distance from the land, while aragonite and MgCQs; content in
high-Mg calcite exhibit opposite trend. These facts appear to suggest the diagenetic change
of aragonite and/or high-Mg calcite to low-Mg calcite in marine environments.

Relatively high concentrations of illite, kaolinite and the presence of Al-vermiculite in
the sediment samples agree with the clay mineral assemblage of the reddish weathering
products and the brown clay embedded in the Kunigami gravel bed distributed in the hinter-
land. Kaolinite tends to decrease seaward, while other clay minerals tend to show opposite

trend.

1. Introduction

Okinawa Island is one of the most suitable
areas for the study of carbonate mineral in
Japan. Study of carbonate mineral of Okinawa
Island has been advanced progressively in recent
years.

However, no available data have been reported
from sediments of the surrounding sea of
Okinawa Island.

M/V Seiyo-Maru of Tokyo University of
Fisheries surveyed Nago Bay of Okinawa Pre-
fecture facing the East China Sea during the
period of August 30 to September 3, 1972 and
collected eleven sediment samples using the SK
type dredge.

Generally speaking, a small bay such as Nago
Bay that has not sedimentologically complicating
factors may give us an excellent opportunity
for mineralogical study, with special reference
to the distribution of minerals.

The purpose of this short paper is to present
an analytical result of the sediment samples

* Received April 10, 1973

** Geological and Mineralogical Institute, Faculty
of Science, Tokyo Kyoiku University, Otsuka,
Bunkyo-ku, Tokyo, 112 Japan

by means of X-ray diffraction.

2. Material and methods

Of the eleven sediment samples, only seven
were utilized for present study. Index map
showing the area studied and sampling stations
are shown in Figs. 1 and 2, and data for them
are given in Table 1.

Raw materials were dispersed in distilled
water, and the under 2 micron size {raction
was collected by the sedimentation techniques.
The fraction finer than 2 micron was used in
this study.

The determinations of carbonate mineral
composition and of MgCQj; content in high-Mg
calcite were performed by X-ray diffraction
methed (CHAVE, 1952; DAVIES and IHOOPER,

Table 1. Data for sampling stations.

Station N. E. Depth Sedi ¢
No. Latitude Longitude (m) cdiments
St. 10 26°38.2' 127°47.6" 210 sandy mud
St. 11 26°34. 1/ 127°40.1" 410 mud
St. 13 26°33. 9 127°40.0" 360 sandy mud
St. 15 26°33.2/ 127°52.5" 260 sandy mud
St. 16 26°33.8' 127°56. 17 72 sandy mud
St. 17 26°33.8' 127°57. 8 54 sandy mud
St. 19 26°28. 2/ 127°47.2" 225 sandy mud

5
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Fig. 1. Index map showing the area studied.

1963). Clay mineral composition was estimated
by measuring the intensities of X-ray diffraction
due to each clay mineral (SUDO ez al., 1961;
OINUMA, 1968).
or carbonate mineral is expressed as percentage
for the total composition, respectively.

The amount of clay mineral

3. Results and discussions

The results obtained have shown the presence
of the following minerals: aragonite, low-Mg
calcite, and high-Mg calcite as carbonate min-
eral and illite, kaolinite, Al-vermiculite and
chlorite as clay mineral.
Identification of minerals

Representative X-ray diffractograms are shown
in Figs. 3and 4. In the X-ray diffractograms,
the presence of illite is shown by 10.2 A (8.6°26)
peak, which remains at the same position after
treatments with ethylene glycol and hydrochloric
acid. The presence of kaolinite is shown by
7.2 A (12.2°20) peak after treatment with
hydrochloric acid. The presence of Al-vermi-
culite is suggested by a peak at 14 A (6.2°26)

N° 2 (1973)

9

/M\\L\Ast 10

,_jomn;?ﬁg@f., Lo
!127"1‘0'

Fig. 2. Sampling stations and the direction of
surface current observed on September 3, 1972.

after treatments with sodium citrate, calcium
chloride, and ethylene glycol (TAMURA, 1958).
The presence of chlorite is suggested by 14 A
(6.2°20) peak which appears after heating at
600°C.

The presence of aragonite, low-Mg calcite
and high-Mg calcite is confirmed by 3.40A
(26.2°20), 3.03A (29.4°20) and 3.00 A (29.7°26)
peaks, respectively (CHAVE, 1952 and 1954).
These peaks disappeared after treatment with
hydrochloric acid.

Mineral composition of each station
A. Carbonate mineral

Most sedimentary carbonates are derived
from the skeleted parts of calcareous marine
organisms, and these skeltons are composed of
low-Mg calcite, aragonite and high-Mg calcite
(CHAVE, 1952; LOWENSTAM, 1954).

The carbonate minerals in the sediments of
Nago Bay are represented by the presence of
low-Mg calcite, high-Mg calcite and aragonite.
The contents of aragonite, low-Mg calcite and
high-Mg calcite are related to both the water
depth and the distance from the land (Fig. 5).
Carbonate mineral composition of each station

6
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Fig. 3. X-ray diffraction patterns of samples
Sts. 11 and 17. 1. untreated. 2. heated at
150°C. 3. heated at 300°C. 4. heated at 450°C.
5. heated at 600°C. 6. treated with ammonium
nitrate. 7. treated with hydrochloric acid. 8.
treated with ethylene glycol. 9. treated with
sodium citrate, calcium chloride and ethylene
glycol.
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Fig. 4. X-ray diffraction patterns in the region
of 26° to 31°20 of each sample.
A: aragonite Q: quartz L-Mg:
calcite H-Mg: high-Mg calcite

low-Mg

oSt
-410m

200m

67

I P

- Vf_ e

JB JB R |

CITY
Sti5 o St16 5 o St17

260m 72m Cs4m f/ﬁ,

o St13
360m

26°20 A\
127%0 \} [\(g m 128°00
Fig. 5. Distribution diagram of carbonate

minerals (<2 u).
A: aragonite C: low-Mg calcite
MC: high-Mg calcite

Table 2. Percentage of carbonate mineral
composition and MgCOs content
in high-Mg calcite (<2 x).
Aragonite I‘C(;\i‘;lt\/ig Ii]i};}i\gg MgCOs
STB o 12 44 44 13
St. 11 8.4 45 46.6 12
St. 13 9.9 44.5 45.6 11
St. 15 13.3 41. 4 45.3 13
St. 16 18.7 42.7 38.6 14
St. 17 23.1 41.8 35.1 14
St. 19 10.7 44.8 44.5 13
Table 3. Peak area ratio of each carbonate
mineral (<2 u).
St. No. L/A H/A A/L A/H H/L L/H
St. 10 8.8 10.2 0.11 0.10 1.2 0.87
St. 11 12.3 13.6 0.08 0.07 1.1 0.90
St. 13 10.5 12,3 0.10 0.08 1.2 0.85
St. 15 6.6 7.9 0.15 0,13 1.2 0.84
St. 16 3.8 6.5 0.26 0.15 1.7 0.59
St. 17 3.2 5.6 0.31 0.18 1.8 0.57
St. 19 9.5 12,3 0.11 0.08 1.3 10.76

L: low-Mg calcite

H: high-Mg calcite

A aragonite

c7
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is given in Table 2. Low-Mg and high-Mg
calcite contents tend to increase with increasing
of the water depth and the distance from the
land, while aragonite and MgCQO; content in
high-Mg calcite exhibit opposite trend. The
ratio of low-Mg calcite content relative to high-
Mg calcite tends to increase seaward. The
peak area ratio of each carbonate mineral is
given in Table 3. What do these results mean?
Are they explained by a diagenetic change of
aragonite and/or high-Mg calcite to low-Mg
calcite in marine environments? Magnesium
carbonate in skeletal calcites is present as a
solid solution between calcite and dolomite or
magnesite and magnesian calcite and aragonite
are unstable, relative to calcite, at low temper-
ature and pressure (CHAVE et al., 1962; KITANO
and KANAMORI, 1966).

It is expected that the low-Mg calcite content
increases relative to aragonite and high-Mg
calcite by diagenetic changes (STEHLI and
HowER, 1961; CHAVE et al., 1962) and also
that the fineset fractions would be most affected
in this respect (PILKEY and NOBLE, 1966). The

200m

C”A ™

A

26°40

SHO
° 21om \L\_/J

: Z NAGO
B

410m ostis sus
3gom 260m

O S

200m

26°20
127%0 1280
.
Fig. 6. Distribution diagram of clay minerals
(<2w. V: aluminous vermiculite
C: chlorite I: illite K: kaolinite

Table 4. Percentage of clay minerals (<2 u).

St. No. Al-V C I K
St. 10 6 15 52 27
St. 11 18 13 53 16
St. 13 9 11 56 24
St. 15 6 12 53 29
St. 16 — 12 47 41
St. 17 6 8 47 39
St. 19 12 10 57 21

Al-V: aluminous vermiculite C: chlorite

I: illite K: kaolinite

results obtained from the present study appear
to suggest such a diagenetic process.
B. Clay minerals

Clay mineral composition of each sediment
varies from station to station. Illite is the most
dominant constituent, kaolinite is subordinately
and Al-vermiculite and
chlorite are small amount of the clay mineral
assemblage.

abundant constituent,

Data for the clay mineral com-
Kaolinite tends
to decrease with increasing of the water depth
and the distance from the land, while other
clay minerals seem to exhibit opposite trend
(Fig. 6). These distribution patterns of clay
minerals may reflect the dispersing character-

position are given in Table 4.

istics of each clay mineral in waters.
According to NEGISHI (personal communication),
illite, kaolinite, and Al-vermiculite are the most
common clay minerals in the reddish weathering
products and the brown clay embedded in the
Kunigami gravel bed distributed in the environs
of Nago city. This agrees with the clay mineral
composition in the sediments of Nago Bay.
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Succession of Plankton Diatoms in Tokyo Bay

Ryuzo MARUMO and Masaaki MURANO

Abstract: The succession of plankton diatoms in Tokyo Bay was studied, on the basis of
the investigations carried out in 1947 (FUJIYA, 1952), 1966-68 (SUGAWARA et al., 1967;
SUGAWARA and SATO, 1968, 1969) and 1972-73 (the present authors).

1. The species number was smaller in the bay than in Uraga Channel as to diatoms as
well as blue-green algae, dinoflagellates, copepods, cladocerans and chaetognaths. Re-
cently, any of oceanic species of these taxonomic groups has never been found in the
inner part of the bay.

2. The number of diatom species in the inner part of the bay was 35 in 1947, 28 in 1966-68
and 23 in 1972-73. Oceanic diatoms amounted to 12 species in 1947, but they dis-
appeared in the latter two periods.

3. Dominant diatoms in the bay were Chaetoceros affinis, C. decipiens, Rhizosolenia setigera,
Skeletonema costatum, Nitzschia seriata and Thalassionema nitzschioides in 1947, and
Chaetoceros debilis, C. socialis, genus Coscinodiscus (C. gigas etc.), genus Thalassiosira
(T. decipiens, T. mala etc.), Eucampia zoodiacus, Ditylum brightwellii, Rhizosolenia
setigera, Skeletonema costatum and Nitzschia seriata in 1966-68 and 1972-73. The diatom
community in 1927 was somewhat different from that in 1947, but oceanic diatoms
were distributed in both of these years.

4. Judging from the frequent occurrence of diatom red tides since the 1950’s, it is con-
sidered that the diatom standing crop has remarkably increased in the bay in recent
years.

5. Skeletonema costatum has been the exceedingly important species as red tide organisms
as well as in the standing crop in usual distribution in the bay from 1947 on.

6. Judging from the succession of the standing crop and species number of diatoms, the
water of Tokyo Bay was eutrophic in 1947 and extremely eutrophic in recent years.
Moreover, it may possibly become even polysaprobic, if the eutrophication and the
pollution will be accerelated from now on.
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Fig. 1. Sampling stations.
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Table 1. Occurrence of plankton diatom species in 1947, 1966-68 and 1972-73 in Tokyo Bay.

Year

1947

July-Sept.
1966-68

1972-73

Station

Al, A5

F,K,N

T2,C3

Method

net

water

water

Actinoptychus undulatus

Arachnoidiscus ehrenbergii

Bacteriastrum delicatulum
varians

Bzddulphza aurita

B. mobiliensis
sinensis
Cemtulma bergonii

Ckaetoceros atl v. neapolitana

atl. v. skeleton

densus
peruvianus
tetrastichon
affinis

debilis

decipiens
didymus
lorenzianus
mitra
pseudocriniius

AneNn O

SISialele

o
P

socialis

C. teres

Corethron criophilum
Coscznodzscus angustii
asteromphalus

C. gigas

C. granii
Coscinosira polychorda
Ditylum brightwellii
Eucampia zoodiacus

Hemiaulus hauckii
Leptocylindrus danicus
Melosira borreri
Rhizosolenia acuminata
R. Sragilissima

R. hebetata {. semispina

R. setigera

R. styliformis
Skeletonema costatum
Stephanopyxis palmeriana

Streptotheca thamesis
Thalassiosira decipiens
hyalina
T. mala
Amphiprora alata

Amphora coffeaeiformis
Asterionella japonica
Fragilaria cylindrus
Navicula elegans

N. salinarum

Nitzschia closterium

N. longissima

N. seriata
Pleurosigma affine
Thalassionema nitzschioides

02z 222270 Zz000 00Z0Z ZZ0O Z

z222z

22022z 20220

22227 22227 22222

At

I L4+ ++td+ +++++ F+ 1+

|

|

P+ 1+ ++

T+

L+

|

e |

e

+
+

I+ 1+

e

F++1 1

Lt 41 +1 41 F+1+10 ++111 1

Pt LR bRt

+

+

]

i+

T I I O I I ey I A

Py i)

L+ Thhed LR

i+

+: present; —: absent.

O: oceanic species;
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DOIHEL ELZ DR BD T, THICDOWTEL &l
35 Z XL &IT A, Thalassiosira mala (TAKA-
NO, 1956, 1965) WFHFE L L THRRINTLIRE,
AT 2 RHMoRENTHIET S CERE,
e, 1966),

2) R EEAGE OFEE B s

EREHEACED B E , 1947 F 14 [,
197148 H, R11-12 H, 197246 Ho 45|03

Table 2. Number of plankton diatom species in
1947, 1966-68 and 1972-73 in Tokyo Bay.

July-Sept.
Year L 1947 7 1966-68 {%E
Station AlLA5 F,K,N T2,C3
Method net water water
Oceanic species 12 0 0
Neritic species 23 25 21
Total species 35 28 23
Table 3. Diatom species grouped by

#2%5 (1973); BILEHESE

R OWTIRE LT (Table 4), #AEEK o
BADHBEOFEE AT L, £, Table 4 i©
FHOWC, HEEHEHE 2 (Table 5),

1947 ek, SMEBEL, HEAGEAT LR
35 ¢, AEEEIEIS L 12, BEEKTI0 L 23
THhHD, M HEKE LERTELCETR
T, HETAIEELEETCH DS HBELT
béo;@_k@,av#xh/,ﬁ”mh®m
NELSAERENRSL Z L, HBRICE T
T EERERL, é%ﬁm«#@%if#%vgm
WTCH LI xR THDTH D,

—J, 1971, 1972480 3EOHFHER R LY & Lo
% &, AHEERIHEAETIL 50 wET 55
(DB IMTFELEE L B0\, BT,
3¢, BOc#EN, MBL 5, $70, AEE
BT K Tik 28 ThH A2, R 12 L
W SRR S Tk, K 18

the presence and absence in Tokyo Bay.

A. Oceanic species not found in the bay
in 1947 and thereafter (found in Uraga
Channel)

Bacteriastrum comosuimn

B. elongatum
Chaetoceros coarctatus

C. rostratus

C. seychellarum
C. messanensis

Climacodium frauenfeldianum
Hemidiscus cunciformis
Plankioniella sol
Rhizosolenia bergonii
R. calcar avis
R. robusta
Thalassiothrix longissima
7. mediterranea
B. Oceanic species found in the bay in
1947, but not in 1966-68 and 1972-73,
Bacteriastrum delicatulum
Biddulphia sinensis

Chactoceros atlanticus v. neapolitana

C. atlanticus v. skeleton
. densus

C. peruvianus

C. tetrastichon

C. decipiens

Corethron criophilum
Hemiaulus hauckii

Rhizosolenia acuminata
R. styliformis

C. Neritic species found in the bay in
1947, but not in 1966-68 and 1972-73.
Bacteriastrum varians
Biddulphia aurita
Chaetoceros mitra
C. pseudocrinitus
C. Leres
Rhizosolenia hebetata
Stephanopyxis palmeriana

D. Neritic species found in the bay in
1947, 1966-68 and 1972-73.
Chaetoceros affinis

C. debilis

C. didymus

C. lorenzianus
C soctalis

Ditylum brightwellii
Fucampia zoodiacus
Rhizosolenia setigera
Skeletonema costatum
Thalassiosira decipiens
Asterionella japonica
Thalassionema nitzschioides

E. Neritic species [ound not in 1947,
but in 1966-68 and/or 1972-73.
Thalassiosira mala etc.
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Table 4. Occurrence of plankton diatom species in Tokyo Bay and Uraga Channel.

Aug. 1971 Nov.-Dec. 1971 June 1972
- Yer e 1947 C(KT-71-12)  (KT-7119) (KT-72-7)

Tokyo Uraga Tokyo Uragé Tokyo Uraga Tokyo Uraga
B. C. B. C. B. C. B. C.
Al,A5 A28,A30 T2 T8 T2 T8 T2 T8

Station

net water water water

Bacteriastrum comosum O — — — —+ — — — —
B. delicatulum (¢] + -+ — — — — — _
B. elongatum (@) — + — — — — . _
B. varians N + + — — — - — +
Biddulphia aurita N -+ 4+ — — — _ - _
B. sinensis [e) 4 + — — — — _ _
Chaetoceros atl. v. neapolitana O -+ + - + — — — +
C. atl. v. skeleton O + — — — — — _ _
C. coarctatus [e) — — — — - - _ +
C. criophilum O — + — — _ _ _ _
C. densus O + — — — — _ _ _
C. peruvianus O + + — — - — _ +
C. rostratus (e} — — — — — _ _ +
C. seychellarum O — — - — — _ — =+
C. tetrastichon (@) + + — _ _ _ _ _
C. affinis N + + — + — — - +
C. compressus N — + — — — _ _ +
C. curvisetus N — — — -+ _ _ _ +
C. debilis N + -+ — — + — I +
C. decipiens O -+ + — + — — — _
C didymus N + + - — B + + +
C lorenzianus N — — + _ — + +
C. nessanensis O - : — + — — — 4
C mitra N + 4 — — — _ _ _
C pseudocrinitus N + + — — — — _ _
C. radicans N — - — — — — - +
C. socialis N 4 + — — - _ _ _
C. teres N + + — — — — — —
Climacodium frauenfeldianumn O — — — -+ — — — +
Corethron criophilum O 4 + — — _ - _
Coscinodiscus asteromphalus - — 4+ + + + o +
C. excentricus — — — T — _ _ _
C. gigas - - + - + + +
C. granii N — — - + — + 4+ —
Dactyliosolen mediterranea N — — —_ — — — _ +
Ditylum brightwellii N -+ + — 4 4 + o +
Fucampia groenlandica N — + — — — — — —
E. zoodiacus N + + — - + + + +
THemiaulus hauckii O + — — 4. _ — . +
H. SInensis N — — — — — a4 —_ _
Hemidiscus cuneiformis O - — — — — + — —
Lauderia borealis N — — - — — . — -
Leptocylindrus danicus N — 4 — + — — — -
Melosira borreri N + + — — — — — —
M. Juergensii N — + — — — — —
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®2% (1973); BILMEFEFAE

Table 4. (continued)
Planktoniella sol O - + - + — - — _
Rhizosolenia acuminata 0] + 4 —_ — — —_- — —
R. alata — + - + — — — 4
R. bergonii O - — — — _ + — +
R. calcar avis O - + — — — — — +
R. hebetata f. semispina N + + — - - - - -
R. imbr. v. shrubsolei N - - — - — + — +
R. robusta O — + — - — + — _
R. setigera N - + - — + + + +
R. stolterfothii N - + - - — — — +
R. styliformis O + + — —+ - - _ +
Schroederella delicatula N — — — — —_ — — 4
Skeletonema costatum N + + - - + + + +
Stephanopyxis palmeriana N + + — + — + — —-
Streptotheca thamesis N — — — + — + _ 4
Thalassiosira decipiens N + - — - 4 4 _ _
T. hyalina N — + - — — — - —
Asterionella japonica N + + — — — — — +
Bacillaria paradoxa N - ' — - — _ _ —
Fragilaria cylindrus N + — — - — _ - -
F. oceanica N — + — — — _ - -
Nitzschia closterium N - — — —_ — —_ + =+
N. frigida N — -+ — — — — - _
N. longissima N + — - - —_ — _ —
N. seriata N + + ~ + — - + -+
Pleurosigma affine N + + - - — — — -
Thalassionema nitzschioides N + + - -+ — - — +
Thalassiothrix frauenfeldii N — — — + — — — 4
T. longissima O — + — + — - — 4
T. mediterranea (@] - — — — — — - +
<+ present; —: absent. O: oceanic species; N: neritic species.
Table 5. Number of plankton diatom species in Tokyo Bay and Uraga Channel.
Aug. 1971 Nov.-Dec. 1971 June 1972 1972-73

Year 1947 (KT-71-12) (KT-71-19)  (KT-72-7) (KT total)

Tokyo Uraga Tokyo Uraga Tokyo Uraga Tokyo Uraga Tokyo Uraga
Station B. C. B. C. B. C. B. C. B. C.
Al,A5 A28,A30 T2 T8 T2 T8 T2 T8 T2 T8

Method water water water water

Oceanic species 12 15 0 8 0 3 0 13 0 18
Neritic species 23 30 1 11 7 12 10 23 12 28
Total species 35 47 24 8 17 12 39 13 50

RL, BRLO0 LB, COXSIGEFOERT  BUTH, WEKBCOARELT, BRCIR

B HIRERO B,

%o

Table 4 WHIF =/ ERBD 5 b, 1947 £4HER

NERO ML, HEED
PESENELSHB k-l twrT b0 Th

Hanids - B4 235 (Table 3, A
o —#T, chbo&iz BE LD Ibics

FEPRWEZZ DN, G TabRARED, X

(165

FEERCIE—E L HERE L

L,



HEBOHEET 5 V7 b UEHEDOER 77

3) BEOEFUEOFEE FRE D L
BRI BT HEEAEEO BT LT S
7o, TNBLELEHILIDOAS L, DEDOED T
55
(a) 19474 (B2, 1952)
DED6H (v MRE) HEHE (St Al AD)
THEBL S,
Chaetoceros affinis
C. decipiens
Rhizosolenia hebetata
Skeletonema costatum
Nitzschia seriata
Thalassionema nitzschioides
(b) 194847 H (YAMAZI, 1955)
DOEDAFE Gy MREE) MNIRGUBOEEFE
DFHEFERBETH - 72
Chaetoceros affinis
Rhizosolenia setigera
Thalassionema nitzschioides
Thalassiothriz frauenfeldii
(c) 19624E 8 A~19634F 8 A (#¥, 1964)
WETZ o 1 ERZ 9 5L KRR D
WTC, ThZTNEfED 3 ETEHE, 3L
HNEALTBEEEEOEFHIL 2XDEY Thbd,

I FEEBEED
Chaetoceros (1)
Coscinodiscus (5

Skeletonema  (8) (S. costatum P>)*

)
)
Thalassiosira (9) (T. decipiens H»)*
Nitzschia (2)
)

Thalassionema (1

(N. seriata n)*
(T. nitzschioides 7»)*
Cyclotella striata (1)
(d) 1966~6845~9 H (EFR S, 1967; EF,
1, 1968, 1969)
DED SR (FARED 2SR (St F, K, N)
THEBL 7,
Cerataulina bergonii
Chaetoceros sp.
Lucampia zoodiacus
Skeletonema costatum

Thalassiosira decipiens

Thalassiosira spp.
Navicula sp.
Nitzschia sp.
() 197245 H~197342 H (FEL)
DOED 6 GAKEED 2EBE (St T2) T2
L7,
Coscinodiscus gigas
Eucampia zoodiacus
Rhizosolenia setigera
Skeletonema costatum
Thalassiosira decipiens
Nitzschia seriata
(f) 1951~1966 £ CEHE, L, 1966)
B BB U e skBsRgh, coRR &7
M BRI X¥0®Y Thb, FE
b

Chaetoceros debilis (1)
C. simplex (2)
C. spp. ()

Coscinodiscus spp. (4) (C. gigas 7c Ep)*
Eucampia zoodiacus (2)
Rhizosolenia spp. (2) (R. setigera it ¥ p)*
Skeletonema costatum (19
Thalassiosira mala (7)
Asterionella japonica (4)
Nitzschia seriata (2)

P EoERRc ST, FIEORER SR O
EBE I L 5 THhhb,

1947, 1948 A 45k, X #: (Rhizosolenia seti-
gera, Skeletonema costatum, Nitzschia seriata),
B I OY # (Chaetoceros affinis, C. decipiens %
F{k & 3% Chaetoceros Hyalochaete B ) INE
LT, Linl, 1966~684EDIBRICI, Y &
t1, Chaetoceros affinis (% 2 & O %8, Hyalo-
chacte MBOBEEMWIIET L (2L, a4
v Chaetoceros socialis DERC KBCHEEL, *F
72 C. didymus, C. debilis I XL R bb),
Thalassionema nitzschiodes & 1P L1z &
e 5 T, Z B (Coscinodiscus gigas, C. granii,
C. asteromphalus %4 %%ty Coscinodiscus &,

Ditylum brightwellii, Eucampia zoodiacus,
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Table 6. Occurrence of plankton species at St. T2 (Tokyo Bay) and at St. T8 (Uraga
Channel) in August, 1971 on Cruise KT-71-12 (Norpac net, XX13).

Tokyo
Bay
T2

Uraga
Chan.
T8

CYANOPHYCEAE

Trichodesmium Thiebautii GOMONT

DINOPHYCEAE

Ceratium breve

(OSTENFELD and SCHMIDT) SCHRODER

C. extensum (GOURRET) CLEVE

C. macroceros (EHRENBERG) CLEVE
C. molle KOFOID

C. pennatum KOFOID

C. trichoceros (EHRENBERG) KOFOID
C. tripos (MULLER) NITSCH

Peridinium spp.

Pyrocystis fusiformis MURRAY
P. pseudonoctiluca MURRAY
Pyrophacus horologicum STEIN

BACILLARIOPHYCEAE
Bacteriastrum comosum PAVILLARD
Chaetoceros atl. v. neapolitana (SCHRODER) HUSTEDT
C. peruvianus BRIGHTWELL
C. affinis LAUDER
C. curvisetus CLEVE

C. decipiens CLEVE

C.
C.

lorenzianus GRUNOW
messanensis CASTRACANE

Coscinodiscus asteromphalus EHRENBERG
C. excentricus EHRENBERG

C. gigas FHRENBERG

C. granii GOUGH

C. sp.

Climacodium frauenfeldianum GRUNOW
Ditylum brightwellii GRUNOW

Hemiaulus hauckii GRUNOW

Leptocylindrus danicus CLEVE

Planktoniella sol (WALLICH) SCHUTT
Rhizosolenia alata BRIGHTWELL

R. styliformis BRIGHTWELL
Stephanopyzxis palmeriana (GREVILLE) GRUNOW
Streptotheca thamesis SHRUBSOLE

Nitzschia seriata CLEVE

Thalassionema nitzschioides GRUNOW
Thalassiothrix longissima CLEVE and GRUNOW
7. Sfrauenfeldianum GRUNOW

COPEPODA*

Acartia clausi GIESBRECHT
A. danae GIESBRECHT
Acrocalanus gracilis GIESBRECHT
Calanopia minor A. SCOTT

C. sp.
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Table 6.

Calanus pacificus BRODSKY
Candacia catula GIESBRECHT
C. discaudata A. SCOTT
Centropages abdominalis SATO
C. Surcatus (DANA)

C. yamadai MORI
Clausocalanus furcatus (BRADY)
Corycaeus agilis DANA

C. ovalis CLAUS

C. speciosus DANA
Eucalanus crassus GIESBRECHT

E. mucronatus GIESBRECHT
E. subcrassus GIESBRECHT

FEuchaeta plana MORI
Labidocera bipinnata TANAKA

Microsetella norvegica (BOECK)

M. rosea (DANA)

Oithona fallax FARRAN

O. nana GIESBRECHT

O. plumifera BAIRD

O. similis CLAUS

Oncaea media GIESBRECHT

O. venusta PHILIPPI
Paracalanus aculeatus GIESBRECHT
P. parvus GIESBRECHT

Pseudodiaptomus marinus SATO

Rhincalanus nasutus GIESBRECHT

Temora stylifera (DANA)

Undinula vulgaris (DANA)
CLADOCERA

FEvadne tergestina CLAUS

Penilia schmackeri RICHARD

CHAETOGNATHA**
Sagitta bedoti BERANECK
S. crassa f. naikaiensis TORIOKA
S. enflata GRASSI
S. minima GRASSI
S. nagae ALVARINO

S neglecta AIDA
S. pacifica TOKIOKA
S regularis AIDA

(continued)
+ 4+
- +
- +
- +
- +
._i_ —
- +
- +
- +
—~ +
- +
- +
- +
+ p—
++ 4
+ +
- +
++ ++
- ++
++ + 4+
+ —
- +
- ++
++ ++
- +
+ —
- +
- +
+ +
- +
+ +
- ++
— >‘,_
_ 4
=4 %,
- +
— +

-+: present; ++: abundant; - : absent.

*: identified by M. OMORI; **: identified by S. NAGASAWA.

Thalassiosira decipiens, T. mala % 3%y Thalas-
siosira J&) 75, 1947 4ELIZ D & 05 s LT
HXHL LI HEEHETTEE X LT 5,

W4 R x1%, Skeletonema costatum ¥ 1947
EUIE L D BULIC 72 5 E TR B 0 Bl o

EEETH D, FhrL Rk e 2 b, JER
MEDLDTRENZ ETh 5

C BT AREIRE 2 A 3 RT Table 3
D#tic B4 %, Chacloceros decipiens 12 A TE
Mo BRI EEn 52, ZoBORTCRAREL

(195
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Table 7. Number of plankton species at Sts.
T1-T8 in August, 1971 on Cruise KT-71-12
(Norpac net, XX13).

Station T1 T2 T3 T4 T5 T7 T8
Cyanophyceae o 0 0o 0 0o 1 1
Bacillariophyceae 3 4 4 5 4 17 26
Dinophyceae 60 0 0 2 1 4 12
Copepoda * 11 xR kX 97
Cladocera 11 1 1 2 2 2
Chaetognatha O R

*. Identification was not done.

D ORI TH %,

4) KH-71-12 (1971 428 A18~19 H) Rt

BHEE L ﬁ?ﬁnﬂii_&@f? V7NV EBED L

B BEBE 2 i <, B, R¥FEEE, BBE,
KeAsE, BREECRVCE, me (St T2) k1§
ZkE (St. T8 (Fig. 1) oH#EE (Table 6)
LREH (Table 7) WIIREWEEND B,

FREREELE, BN (St. TI~T5) Tk, 4~5T
HHMN, St. T7 ¢ 17, St. T8 ‘T 26 LjHE/KE
CRWENE SIS 5, HEELbbETEL
% L&, St. TS Uik, AEHrm <, AEKoz
BRIZ LA T TCuiw EHEEIRS,

£t Trichodesmium Thiebautii pS St. T7,
T8 DZI BT B Linb, HEKo EEL
CTEE L TWBI EBMbIND,

WmHEEE L St. T8 i Ceratium 7451
L2EAEERT 52, bW ThLAFERETSH
b YAMAZI (1955) & & % &, 1948 &£ 1 1%,
Pyrophacus horologicum 75, EBRICEZEBITOTE
LCwiehy, AEIEHIEL Tu o,

Bz St. T8 o 27R s L, St. T2
HETh B, L»d, Oithona nana ¥ X **
Microsetella norvegica 7318 S W@ A& L,
Acartia clausi, Paracalanus parvus HME» BT
OREETHD, BHEKECEE  ONERENHIE
LCWaBR, chbix St T2 ik BA L T
o

PIEML St. T2 wNERE Sagitta crassa f.
natkaiensis NIRRT 5, S EED S, enflata, S.
pacifica (TEBBITEAL T,

4. EE-HRESICHITIZIHEUEEHEOEL

PIFc BB RE ST, HEREBRRD
HIFMVEHBE O BROBERIT &0 L S HES
5,

1) 1947 &£ PR

1929 4 4 AR R B © 2 W %, Biddulphia
sinensis, Chaetoceros affinis, C. compressus,
Coscinodiscus concinnus, Ditylum brightwellii,
Skeletonema costatum, Asterionella japonica,
Thalassiothriz frauenfeldii T % - 7= (KURA-
SHIGE, 1932), A B &t n a4 ERIEHL T
Wi\, Chaetoceros criophilum, Coscinodiscus
concinnus, Rhizosolenia castracanei 7¢ ¥ O MR
GEHOBRARL TS, ZORERL 1947TE T
BHEBAFLSRE—Tlhic, i, AFECEN
B EFELAEEENREG,

2) 194724

1472 2 A BEIZE T 52 < ONERENER
ZEIEN T ie, ZDFE T b O ik, Chaetoceros
atlanticus v. neapolitana 7% & 15 Chaetoceros
Phaeoceros BB T ABE THSH, LnL, =
NHEBFCRIANLOYMETHY, BHTED
DAY, BT s o Likie, HIEEOE
EHEOHTLD HHEINE D 5 1o, FloMEE
K CHIEBRT5IBFELEEL T en, SR
FIRE B e HERR R L Te D iah » oo R Hillk

LCuw7csEEE, DB 20 F&ET, Chae-
toceros affinis, C. decipiens % X {k & 3% Hyalo-
chaete B8 )&, Thalassionema nitzschioides, Rhizo-
solenia setigera, Skeletonema costatum, Nitz-
schia seriata e ¥ Tl - 12,

3) 1966-68 fEni 1972-73 4F

TR L, HEAKECILIET & Bk <
DAFERBNDHAE LT BN, @SBRI BEONE
e CHOBRERITCELHEL, BARRL
LRV 5 DECET 2 0REEN RS EE
LTw%, REEOHEERER, 1F05HTh
R LD, A—Tdins, —Buen3 &2
EDED Thh, IMTHE AL Tui Chae-
C. decipiens,
nitzschioides (13 L {$81B L, R » T Coscinodis-

toceros affinis, Thalassionema

205
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cus &, Thalassiosira |&, Eucampia zoodiacus,
Ditylum brightwellii 7z ¥ 2 BT 5 X 51
7e 5 17co —, Rhizosolenia setigera, Skeletone-
ma costatum, Nitzschia seriata % 1947 .25
OB ERVWTEER 7o, T b,

1966 ~68 4E, 1972~734E1zi, 19474E 2 A E
Shish o REELABE LR TO 55, HFEED
Nh 572D, HBHWCIEMFE L UCREZ T
b e, oo Tishicw, Thalassio-
sira mala (TAKANO, 1965) @ X 5@ L < iG]
ENRBENDL AN, 1MTEZ A TER LT
PEPEAL DT,

2R D b, FHREKDBERCBNEEE
LEM L ERMEIHE R T 5, FlzE, Y
vEEIERE Y v (1947 ~48 4 0. 03~0. 6 mg atom//,
1971 45 0. 5~1.5 mg atom/0) o N, HIAE DK
T, EEEfafE o %in, pH EOR N b EREL
DA MR I i, =%, 1973)
Rk /cE@mE, 7 ve=7/EE% COD o#n
wh s B (R, 1970),

1947 42 2 A VRS C, SORS Ao A
DI, TEIBERRECDH > T, FEIE
HInTuiwHADRELSH ), MOEFEI T D
o Tz, MY, AR THHPEREL & T 30
VIEoE ERL, BERTELRASS, EH
(1973) D#HKRIC & % &, UReDEKL [EE
Tl ChebbBrbhd, TOHEEREDR, H
BB S oM FIBIE Rbh s d oy
LW Bo Trds, WS 192047 L 1947 4 L
EEERROBR L LT RE WAL L il
DB,

Ll, AFIMFRDOENLCSRONS X
S, BARBIGEELETL, HEREKRIBED
L, HERCOWTE, BELBNCEBETED
T BRIV, BRI BT L EERE OO
ARPBHEE T, ToBEFELIHRLLE
Fxbhd, g (1973) & %72 20 FHNT BN,
REET I v 7 PV INABEEEN BO Lico %
BHL T2, 20X 5 RFBOIFEDRER
HH 973) o [EHEI KU D L2 5,

A, RGEOEEMENED L 5 BB X -

ELNETFMTAZLERETHLMN, FFLTL
T, BHFEHBLTHEENSDCHELEDDN DD
i, BERIES L, BEREHENL, EEHE
CHEANT DR, TOMRZTES L, A%
Eopie (G§HE, 19730 TEKD L5 REOE
Bl ehBrnia L& Lisu,

5. F 8
FEE LT, 1947 4 (ER, 1952), 1966~68

CER D, 1967; EE, #FH, 1968, 1969), 1972

~T34E (EHDL) OEFRCHES T, FBOEE

BTV Y VERDOER Y RIT LI

D EFRSZ v b v REEER, L
Lo, &, MR, B, S, B9
BT, HEKETEZ, BRTORW,
LR, JHEEAEREG A EBRITRA LR
< 7¢ 72 (Tables 4, 5, 6 and 7),

2) BROEEBEREINL 1947 4% 35, 1966~68
4R 28, 1972~7T35 23 L BDT %, 2D 5 b,
SPERRENT, 1947 4F 12 Th - 7ohd, F4FE0
Th 5 (Tables 1 and 2),

3) B o s R 1947 it Chaetoceros
affinis, C. decipiens, Thalassionema nitzschi-
oides, Rhizosolenia setigera, Skeletonema

costatum, Nitzschia seriata T, 1966~68,

1972~73 £E1t. Chaetoceros debilis, C. socialis,

Thalas-

siosira J& (7. decipiens, T. mala 7c &),

Eucampia zoodiacus, Ditylum brightwellii,

Coscinodiscus & (C. gigas 7o F),

Rhizosolenia setigera, Skeletonema costatum,
Nitzschia seriata Tl b, T 1z, 19294 L 1947
L CHEEERERRU TErws, Mhi R
WS EERNLBEL L T %,

4 EFE, HERIEVPIEBRCOAARERTS
5ol EinbAT, WEUEOHEIE
BRFELIHBARLUCEHEEIND,

5) Skeletonema costatum OIRERTHFET
19494 L D E T, RElke, FRE LT,
flaFEBI { BN, FTIERF TRE,

6) FHA (1973) oEKRMC kb L, HEEE
D BIUE, BB 1947 E A TEHRE,

c21)
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Biological Studies on the Deep Scattering Layer
in the Indian Ocean—IL.

Horizontal and Vertical Distributions of Animal Constituents of DSL

Tatsuyoshi MASUDA, Masaaki TANAKA and Sri RAHAJU

Abstract: In this paper are given some investigations on the horizontal and vertical distri-

butions of animal constituents of DSL occurring in the eastern Indian Ocean during the

period from November 1963 to January 1964.

It can be considered that major constituents of DSL in the eastern Indian Ocean consist
of 5 groups including the Copepoda, Euphausiacea, Siphonophora, Sagittoidea, and Thaliacea,
and their average distribution ratios in individual number may be estimated at 50, 15, 10, 5,
and 5%, respectively (Fig. 1). It seems to be quite all right to regard the main scatterers
adding the Amphipoda and Pteropoda to these 5 groups as common in different waters.

The horizontal distributions of major constituents of DSL indicate a general tendency
that the Copepoda appear to be correlated with the adjacent waters of Indonesia, whereas
the Euphausiacea to be somewhat related to those of Australia. It is evident that of the

major constituents of DSL the Copepoda, Euphausiacea, and Siphonophora preserve the stable

dominancies horizontally and vertically (Figs. 2 and 3). This suggests that marine organisms
provided with exoskeletons or pneumatophores are the most probable reflectors.

With the ascending movement of DSL after sunset, is recognized a general trend that
the Copepoda show a decrease in distribution ratio, whereas the Euphausiacea, Siphonophora,

and Thaliacea show an increase.

1. & &8

g erLE (DSL) »n&EEEL, T
B 5 o PRI D L mb T b BETH
% (JOHNSON, 1948; DieTz, 1948; BODEN,
1950; MOORE, 1950; HERSEY, JOHNSON and
Davis, 1952; PE4&f, 1958; A, 1963; 4&M,

* 19734 4 H21H %W
AHEO—WRCPERFUERIT L 5 72
*E19734E 4 A 4 BIHFI 48 SEE I AKEZ L KR ERE
THBEAR
K BE K B K BE B 49 3 # % Laboratory of
Aquatic Zoology, Tokyo University of Fisheries,
Minato-ku, Tokyo, 108 Japan

1964), DSL i L% 1 BXEET 50D Tili
<, MRz 2BWEET LA E3A Y VP EHETE
(fEgE, #K, 9248, 1961), 7o bl ELEK
Hed (8K, g 1967 HHlshtwd, A
v FPETiE DSL w2 ®H 5 &8, —DOEE
FE K 300-400 m JEic dp - C, HERHZ & 2D %
ERHET L0, FLEETERLUUSET 55,

LD B EN LB, TRE L, HERRTE
LR, EEr s TEEL, DHBCHCER LT
TS5, £LTC, BIESMEKDOEEZED DI
BmELLPOPUNHRCLAEDTHD, BE
GEE LA MBEEO LD ThHDH L ST b,
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IR LT, JEAEHAEECR UL ERT X
D 1-2 Fo DSL 2gié& 508, Z o JE KK
SPEAOERE LT GRS, BELCERERCD
HEWEEINR WD, WThieLTh, DSL »H
A RERE AT D LRBEELEET, ohh
WEEHOREBRICLETLLOTHY, LD
TR K EEOZ/UT RIS T b Z &1,
ZNECOEZDERO—HRLILERTHD &
25,

L L, 20 HEASBRESE Y 35 DSL DR
BB, C ED X S BT B DD,
BB WEF U EEA Tl EEREYE L A—7son
LS BT oWTE, ERH E DE LV
KEN Tk 5 Th b, &, DSL oEE

X BEEBE ¥ 1 o W € MOORE (1950) =
TUCKER (1951) AR % 52, 5K, (FE (1967)
PHRAEELTCWRCTER ., £ITC, £5&
DAV (BEE, AV, M, 1972) ©R\T
i L, AV FPEREREE NS T2 DSL o
FERERAEYAE Th % Copepoda, Euphausiacea,
Siphonophora, Sagittoidea, Thaliacea @ 5 #iz
DT, b OACER I Ml s b Ui DSL
DO FF RS BEA HERE A RET Lz, £D
R, =, ZomRE#RLOT, ZoeWETS
KETh B

BXEADLEEN D, AFEC W2
HHEHGIETE - REUKERE BB D
O EARE « BUNRBUXEEEE C o Rl H
DR IRIE I B L RT 5o

2. MEBLVAEE

DSL oA GTEOBRES H L B 1H (8
M, AV, @b, 1972) Rl ssh T, 1963
EILF21H X D 19644E 1 H22R 1 E 2450, A%
Kb BT % DSL 2 HERFERCRERL, *
v N VI RERLUTCEREE LR LoD,
210cm DHEF v + T30 DMAEL LcL DT
bhe TREHL SILA v FEERERER O 29045 C
(Fig. 1), 1#l&E57-9 1-3 ED DSL iz o\ T
3t 56 [EOFELE/ LI, D53, St. 8 ©
S0m BT A v PABHE L7eD T, BEN RS

Th - 1o HHEET 18:36-21:05 ORI BRI LE
7= DSL oK 15-395m OEFEC KA TWD
2, St. 28 DKE 395m D 1H0 nizslEE L
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Fig. 1. A comparison of the horizontal distributions of macroplankton occurring at deep
scattering layers of each station in the eastern Indian Ocean during the period from
November 1963 to January 1964. The percentage indicates average distribution ratios in
individual number of animal constituents of DSL. St. 28 shows nothing but its location.
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Fig. 2. A comparison of the horizontal distri- Fig. 3. A comparison of the vertical distributions

butions of macroplankton occurring at deep
scattering layers of 4 sampling lines in the
eastern Indian Ocean during the period from
November 1963 to January 1964. The ordinate
indicates average distribution ratios (%) in
individual number of animal constituents of

DSL.

Copepoda, Euphausiacea, Siphonophora 3 #to
S R ENZO DR It v L L,
Sagittoidea & Thaliacea 2 FfDJEM X 1+ 3 |
ML 24 Wi T EEA A bR, & L Thali-
acea DAl L IZEIRIC X Tinde b DERE
HHIND,
2) MELHTE

AV FEERER I CHIAI L 7o DSL &K ZE 150~
O m, 80-50m, BIO® 40-15m o 3@ iz 7 F
T BB BT 2 EEHMREYT ORISR L
W3 hE, Fig. 3 WL Sicind,

CORTCH SN S, EERBERTED
%, Copepoda & FEuphausiacea @ 4 2 #HHILIF
B X BIELDEALDER D B L 7e A3, Sipho-
nophora, Sagittoidea, Thaliacea @ 3 #EDR Tix
JELr D WA b G, T i, KE 150-90 m
JE it Sagittoidea 75\3@?‘, Siphonophora %3
4frcicy, 80-50m J# L 40-15m B Tiivg

of macroplankton occurring at 3 deep scattering
layers of 150-90, 80-50, and 40-15m deep in
the eastern Indian Ocean during the period
from November 1963 to January 1964, The
ordinate indicates average distribution ratios
(%) in individual number of animal constit-
uents of DSL.

td, Thaliacea 234 fir#d 5o,
@z:*’; - TWwh,
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i/’C’D‘w’C, H ¥¢sic DSL 248 L mh% 90 m &
Y %n%,ﬁiOMW%ﬁL“
2@@@3@ BT B FEREE AR O MR T HEER
LTCRUR Lo Fig. 4 “Cacé ?’o/;:;x DSL
2 90m Eab 32m Bic BH DT, 12F1
R A AR L T B
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Dthers
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Fig. 4. A comparison of the vertical distributions

of macroplankton occurring at the sea surface
and deep scattering layers of 32 and 90 m deep
at St. 10 in the eastern Indian Ocean on
December 9, 1963. The ordinate indicates
distribution ratios (%) in individual number.
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bREBENHH > TOBDT, ZOUDBFEERET TS CTEEAMETHY, DWTRAEDETIC 5
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On Red Water Ecology
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1. FREOEEZHHEE

WA EDEEN D AT, FERRERCIEERE
ok > TROBBERREINTE,

Bt - T, FRENIERO IR FRINCE R T 5 FERRH
DEEE LT, HAEVRELEVKELZNEL TWHE
HCAEBRBIRICE » TN 5K EET 2 & TREH
MBI TNz, BREBET TR, BEYH-DHK
MBI HRELXES D LT, EORRE L Ebhk
Hh (T FYTHE) THZEbEH-7,

SHEE R - C7 u Y FHRESH ) 7 » V=T i, H
BWIRT 7Y p PR E CRBEE L R ER TS
TERMBR, TORRFEHIERICZIND LI
- 7o

Cok3re, RERHROZHETREIND LS
5o ett, T ORMOFEIZTNTHEEREOE /L OBER
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* Tokimi TSUNTA Jb¥EERFEAKEZEH Faculty of
Fisheries, Hokkaido University

S S

Lan L, Bl HAR TR A R P R afos
CROND LA TERLILRERTREZLET,
T Db FUE T RM OB E T &g - TITEX
I SLE 0 DR b b L DI/ 5 72y, T X
3 RATBOS R R L O B & Ve - e ORI AR O
BLBRRIEEZ X D

DISE, =@ 5738 Co RIS i
EF b XSl T, RfAERET S KBTI ER
BB EATN DS ENH - TER,

LaLl, COEXRBLALTLSERMCHEICHREIC
FEODL D TIRA V. BREMC L - T plankton @
HEANEFED, blooming AT 5 BETIES T
AL D, HDHWIE, FAELKL blooming ORI
23k < 7 5 720 blooming 58X (Z#id blooming
DERIELSEV, LENBELCEE > LERDLT)
BAEL -T2 0T HBRENEDBRIN2BEDH D,
Ui L, HEMHCRERELRERDBREKRCH DR
B ALHIENE (L man-made eutrophication & iR#i%E
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SMEEIC R BBIC 24T 5 R, BRI S R
BELTWHZ ERHEINTWD, Thbb, b7 4
HOH YT x=TH, T7Y HEET, MEFERL
ERKBMOFRETHLTH D, TN D OUE 7 M R 5
oceanic red water O plankton 13 Gymnodinium J&
WABTERKETTH D,

—7, M3BHE, EURAE, BHWREA—-ANTIT
DH =Y TEREKEM EORIE T, FEOX
A I B K TN DI Trichodesmium O 57
ARBEICFEST B, Z OMOSREABR LI HRE(L LT

OEHTREREEZ DT LR T & 50y,
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LLT, TOREAFEWTHIE8ELBNSD

¥z, H D 75 8 TN M EE P RS D Rhizo-
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DEA, %Qﬁﬁ@ﬁrb~“tm5ﬁfﬁkgx
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A 3 KRHERR, B mBElIlcedD, 20X 5L D
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Do
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W%@?&ﬁ’é”:}%’_ 550DT, LTLHEXRERMLDOEILORK
FBIGET g bhtv,

TN E T BRI S o aR il 2 26 A K IR Bl kg Bl 5
BEROE S D, (GEH, 1969

1. oceanic red water type
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1‘5%

2. coastal red water type

3. inland sea red water type
4  embayment red water type
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MWREHRFEENEINTWD, L E2 X5,

D &, MARGALEF (1960, ’69) < WHITTA-
KER and FEENY (1971) 7 EAVREL TW5 23, M
(1968) i alle VR RIS ELD AR D

L& U, T b, Ml % plankton community

: chemical ecology D4yEf CHYE &
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T30 % succession DM@ E UTHIAS 2546, il
MO —>TH A community growth 70 mono-
specific population growth phase /i - T productivity
< species diversity 2BIT9 5 EYIROBERIC 0
T, TOENELTTLERE (HIz
FEMZED LTl iy g
HHLEIDDTH Do
TOXATH L TL HE, FIED
KR 2k 08t LTER, Bk End
D, $2CDLHRELEINIRBEENBEI N D&M
ELTHAOWE, JEB, &2 \WIdKED M D FEE
RERBIT NG, TREOYEEANRTTRIE, T
MR & 7o - C plankton community growth 23
BT, RATHMEOREE L& & b IC ectocrine
(C.E. Lucas, 1949) 7z St ¥R O BAE A EHIC
BED, DR L LT succession IKIiE community
growth 735 monospecific population growth AT
THEBEREDbIR D,
CDEALHTL AL, RiEIL succession IV T
—D@ system & LT&HXBITLBHLND,
FREE Y AT LT BWCIRNKFRIERG L (CE T 5 R
(SR BEMTL, iy TRENAERES
{4 allelopathy 7338 % » T, —ODZE MK s 1 % pl.
community 1 species diversity OZ LA D, Th&
SEATL CAEEH OEBHEFIE > T 2,

¥ pheromone) @
B DB DR & B M

J:.//J\ LI x %;'E AT Ji
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Table 1. Red water system off south California, summarized and
on Red Tide (by J.E. SYKES). U.S. Fish and Wildlife
; !
Winter Late winter ; Early spring Spring Late spring
PHYSICAL ————————  Upwelling occurs in late winter | —Solar radiation increases to maxi-
PROCESSES and early spring. Deep water | mal annual intensity, vertical
from below the euphotic zone rises stability develops in the water
to replace surface waters that are | column. A shallow thermocline
displaced horizontally by westerly @ forms at about 10 m isobath. In
winds of 45-55 knots which blow this season, during the afternoon,
for pericds of about 40 hours.
|
CHEMICAL i ————————>  Upwelling provides nutrients to | ———————— | During the late
PROCESSES the euphotic zone. spring and early
The abundance of nitrates prob- summer, avail-
ably limits primary production able nutrients
in the inshore area of southern have declined to
California. approximately
10 percent or
less of the con-
centrations 7
BIOLOGICAL | Concentrations of phytoplankton & —— ~— Concentrations
PROCESSES ' are low during the winter, minimal of phytoplonk-

during the upwelling period.

ton are maximal
" in the late spring
and summer.
The dinoflagel-
! lates become the
dominant phyto-
plankton. The
dinoflagellates
become the
dominant phyto-
plankton. The
dinoflagellates

2. FREDUVAT A

JJ\%F}% E e raPT SaN

CNEAERTIICE b
758 & plankton ®
l‘%%ﬁ < productivity MZE{L K U species diversity DZE{k
HERIIFNC AT S DT, BRI & 2 BAEHEN
plankton community D/¥7 A — & —DIEHA - Ty A
F 2, $ 7530 succession system & A DT ERTE D,

WIEOR LB BWTHETT 520X 57 succes-
sion system Tld plankton community &IREEDRMC
THEIC BB I N2 5 production & species diversity
75 EAREE state OE{L, $72% succession system O
mode & 254k condition OZELBENTERY, FHEEZ
DT LI AR RRB O TR - T b,

DX IRELBERINCRT L Fig. 1 X5k
%o TDOMIE succession WCRWTEERLALY, *

2k HiE,

57 51E, succession T B HBEL

D% blooming 3% b 523, IS DRICHBABL
PRBTEERRL, TOXSEBREDAT—HT
BAEETAEE - THRED phase TERBHBRER D T
&, —5Tld plankton community @ species diver-
sity 1% blooming 7z % &/NX L 72D, THICHREC s -
T Z A monospecific population 178 5 AICIEZE D
index RERICES T & AREDLIEDDTHS, £L
T, TOREE, T7hbbEW diversity B\ EEAEH
HIRT T ERABROBENET LicZ &2 EHRT %,
HBCEONORFUFLBIFL THZ L, REDT)
FHEAL, ISR OMENSEE 5 & omENE
LAl s &, Zhickn TR D sHORL, Hic
plankton A st % species diversity OZL & FA:
BT DFALR LD,
#HX (Fig. 1) Tl

I—D®D succession model & L T
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95
described based on Bureau of Commercial Fisheries Symposium
Service Spe. Sci. Rep. Fisheries No. 521, 1965.
| | \

Early summer Summer | Late summer | Early fall Fall | Late fall
/onshore sum- | ——=——————  Neartheend of |— - In late fall, ver-
mer  breezes | ~ summer, the | tical mixing
push the sur- | | direction of the | again appears to
face layers of | i flow of the in- . become  more

water toward |

the beaches and

into the lee of |
sheltered loca- |

tions, north Pacific.

This introduction of northern water continues until
the cooling cycle begins in late fall.

A present at the
peak of upwell-
ing. The water |
column is ap-
proaching maxi-
mum, 7.e. verti- ‘
cal mixing is at
a minimum. \‘

|
i

'are restricted to water above the
thermocline.

During daylight in late spring and
summer, these phototactic motile
organisms concentrate at the sur-
face. The surface layers of water,
crowded and streaked with red
dinoflagellates, are blown inshore
by the afternoon winds, into the
lee of headlands or artificial
structures such as breakwaters and |
harbours where the organisms
accumulates.

———> high

PRODUCTIVITY

eutrophication —3 blooming —— red water
TIME —

DIVERSITY INDEX

0
Fig. 1. Anidealized view of the red water system,
showing an increase in production of plankton
and a decrease in species diversity index during
the succession.

FREBORHALRAAZL, EBEOHAELTEIY 7 2 v=
TORED Y AT LICDONWT, TRETOWNERRELD

shore current | important than

system changes. | horizontal trans-

) ) ~ port in deter-

| Slightly less saline water arrives indirectly from the | mining the

course of bio-
logical events in
the inshore arca.

L ERgdE Table 1 DX 515,

COFTRIBHEORHE & HICBEOWBAIZEM DR
W X - TR BLEBESEORD Y &, ThICH
PE3 2 e sett, W20E plankton OFEMAE D5
SR E DX SICHIE LB LR T D07 E, IKED
FLZEHPL T 5,

ORI L 5T, BERYRMEEENERT
RO BB KA LT, KMAZE, THEHT S
FTCOBBALDE, FERFEETLHETICELZDO
BEVWEEAEL, 087 2 V=T REOHRHEOH A
%&b L, Hic BT 5 dinoflagellates ORI DL HFIZ
e Fh k0 RE DT 0K O 0 i HEDFIHDWE
HEENPREBERL VBT LRI %,

FLT, Tk 5 hyligickn TEICKBE,
B L OREFEZQINCESR, BHOKOELR, ERE
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DHEFELNVD L SIL, —BOWwTEEIEDE/ L RE HBL
WEDF TR BPEL S ThD T R bR 5,
Z @‘?‘i’ifiT%i“:@?fK@i@?i'C i3, TEREEIBOE
AZBEL, WO TZOKIRTE W CHEEDOR E & W5
IR &< ﬁzfﬂ THOWEREORENRSL LN D,
Tz, T OB EHNC %Wfrb%émlﬁﬂ%%@
HeomEEIE, AENHOMRERBICOE L L T&

leakage

dinoflagellates % ZBOIAIERIC L - TR < F Tl
BT D,
DX AL T EREI 7z dinoflagellates

i3, ZTOHRHHIC 10m J“Fj:u_,u’;‘;}_ BT L BB
PIIC X - T, #ERD 2 WIRERIC R 2R %,

Z DOMREFEA OB TIRIBE O BOE, Th
WD (2R 4y DEAICIE U C AR B I ZEA LA B
T, BH 5T plankton community 1T 5 suc-
cession system DFEERH DN B

3. FEOHEHIEE
ﬁ\ﬁ*’?)ﬁ’f B3 A D CTHEAM R BREI &

U CRAEE f,uufJ BT BILDBMN, WE—DmELA
%3 D DRI, FROKOMEENCEE T 5 )13
BEEHETH D

T ORI Flj—'b 12 B%ic, KIERSTEAD and SLOBOD-
KIN (1953), SLOBODKIN (1953) D #i17s M 21
Z At (1955), CASSIE (1963), CUSIHING (1962) &
X o THNAEN, HH5WEIEHAIN,

COBBMRELRT D E L AL, BOHKKDnTEY
FRA B AT X 5 T E A TRE plankton 2385E LT
B, INBKOILEREHR LI X » T 7R # plankton

OEEPEFEINABELTLEI R DBIE, LBk
% plankton DREEEIZEE L Z L3y, 205D
Thh, Ticbb, KBEOMIMOFEmNZ &8 KERSE
fLis 5 T d,

WE, DD DHEFNC KT B plankton DRI A R,
WECPBIRIC X » TS B plankton 23433 5 24
(T E g leakage L) % L &3hIUE,

R>L @)

RBEBARD IO LIk 5 T, HESEEICET B
HEEOBMRDOEHNE bR, & OREROETIZHM
SR B EMIERIA T, AR MR DMMEIETH b,
COBBFRRECROERNC X » THEI R D,
W, HOFHDLEAICKT S plankton DEE%R P,
L OHBAIC BT B P ORHNEN (kESR) % 0P/0t

TERDHT &, 0P/0t WHAERE (Pr), FWE (1), graz-
ing, &IN5 Y plankton Z#iA&4 % &% plankton
DEFETL & QAMFRIZEICEE & I5H, B, TLRRRET
E OB HTR EC L » THRINLENETH 5.
CDEZERTERLTERD 2 RDOLHIKCkD,

Ei) = _T_"Lﬁ’h>+*,\a Az | 0P
Gt 0x 0 0x
L0 A _ZP —(VT .op o Ly, @qP_)
0z o 0z “Ox 0z
IO N
Vs w7 (2D
T Pu & P OJAERHE

T REBWRE, p KON ATEE
w & grazing constant T herbivore plank-

ton 231 HX0 W& 4 54 plankton D

A 1ZE)Y plankton DS AEE
Az 12 Xﬁﬁ@ﬂi'@k;:&

A EERETT O ILR R
Va 132 X FADFHE
Ve IRAE T D YR
o 13 0°C W RT B KD ki
tr BFIKME T°C Wil B ki
Vs 12 0°C sl Ak ¥alis
COROFELDH 1 P(Pr—r—wh) 3EYURRTH
5T, MiMOLERYEDL, F2HENDEROFLIEE
TR (82 TR Y FRRER L) L8EFIE
DEDMHETH D, *72, 2B 5IHIE plankton DPLME
& SME A OME CHRE 2R TH 5,
RICZ OFALDEFIREEERE 2T 0P/0t 28 0 \iLs
G, EYEIEE CAME IR S Y plankton D47
BEOEAEYBEER IFHERED k- THOR

ORNFRRREC S EINBIERCELLI Dm0, (2) R
RO L DICHEHEZ bvd,
$7bh 0P/0t=0 {£-C
P(Pn—r—wh)
Ve By, OB Ly o OP
0x 0z Uy 0z
(A= 0P A, PP
< o0 0x® + o 0 > (3)
Lbic, FRENZHEIGT & 3R X7 X 5 I, species

diversity index MREWICITKL & & HICHAFES MG
CHEDIRRTHY, HRICHBBEESAS b - T
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Fig. 2. Red water of Ceratium furca in Ariake
Bay, observed in the end of August, 1962,
showing distributions of dense patches of
Ceratium furca and surface current velocity.
Figures and arrows attached to patches denote
current velocity in vector (1cm equal to 1
knot).

Bl % plankton OEEHENN density growth 23ED

FHAC#ELHRTE B0 5, REMBMEFFhOKKTIZ -
D (3) X BHEIOROBEBRAE DR S,

PPh—r—wh)> Vi - M1+1@ LGS VA
Oz ﬂr
or iiz.jiw A, P
0z < 0 0x* 0 75?) (4

CORBKDE DR EEBERL T WS, Tibb,
TR DFAL plankton O density growth &7 B3
TODER, TibbEMRNIE DB & YEZL
BEEOHERFRIC L > THRESLEDT, Lird plank-
ton DMHEICIEA T 5 EYSEIE LR O 3 YRy
FALRIDREVWI ERPELRZ ERRLT WS, 20
LSS EMFMENRR () NP 2400 R ©h
0, YEAEILES L (leakage) % Fb LT 5,

COXTHEH O/ L 51K, plankton OBIFESR R 23
leakage L0 REVHAICHKREATREOYIMG LML G2
DDA, WREBRD S b TCREKBRCRBHROMES
MREWEEZ DN D0 D, EEICIAENRRE S 5

VU4 97

DFFEHREE L ER Y DL St B,

I 1962 4F 8 A T4 1A% O =i & B RS
TR0 T Ceratium furca DFEHEAL, FOBO
‘*ﬁﬁﬁ%iﬁ'ﬁbf:o

Fig. 2 Icmx$ X5, 2 OFREKMO M3 EIC k)
BIF/c B84y, 370 b patch B LT, 2 O patch
DEROWmAIL 1.0 / » MULOBARE L, RUKRH
KDL AT patch BRI N TWAWEFRL D L
AIRHIRKEN -T2 T, TOFHOKER Ceratium
Jurca OFEZL 0.7 / » U EOARTHHEREIA T
DT EZIRLTHEY, RO E RS OB G
DO—EiamBH & L CESRNH B,

4. ABHERB(LEFHE

FAEHAROHE EIA R, FRCEEF WO Tl RS
BT 5L 51Kk, TRODETRIERRMODIE
IR WBUERRH - 7228, FORRICHRS
EEOE TR ORI RE AR b k- T,
Fai ERAERAET D X DI - 7,

#1213 Skeletonema costarum 13 HA D EKIFLWN
ETHRBNREN RN CTHEICE ST E - T
WO TH B

D Skeletonema costatum DFRFENCEET 5 W & *
1952 b 1970 % THRDT, BN B BUEE % %11
LTABE Fig. 3 DXHIC, 1952~19564EE1 7,8 B
OEMIC T L UTHEL TWeDR, TO%RFERIT
6 A5 ALFEL /D, HCI9FENBIX4 A, 37,
20, 1HERAREREZD, £0%RI2AK G BT
HEXACIEDHILE, 1ERDEDEHIC Y Skeletonema

1970
‘68 —
‘66 —_—

64 | —— —
‘62

1960 —_—

‘58 —_

YEAR

56 —_
‘54 —_

52 | —

12 3 4 5 6 7 8 9 0 M 12
MONTH —>

Fig. 3.

waters showing a tendency toward high fre-

quency throughout the year in Japan in recent

Appearance of Skeletonema costatum red

years.
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costatum DFREHDBROND X 5/ TETWS,

Z DT &id Skeletonema costarum H3PLNIC IR
RBEOHEE & » TWieDp, HELK - T OR
WL T OBMEIEL - TELTLERTHOD
T, TORRARBAREPHEFRREOENREBEZ DR
N EZRNAY, B LA I HILBEEEOKE DAL
MELDZFEREE S TWEESTHS, ZDL 5 7EE
FALO—NL UTERELOASEN BT B 5,

ERE(ICHES plankton succession DR E 45 &,
BEKRERENTSETHZ &1 Xk » TH Y plankton
@ blooming 2320 B/ < 7.5 2%, Z D blooming DR
OFRPHEZE - THB &, blooming 1ZRFICFD
amplitude & duration 23ERLTW<, ThbbE—
DI CTEEE(N S plankton bloom R#E5 L 51T
BB L, TOWRE(LAHESTL T2 M, 4 bloom-
ing OEIEKRT D (ThbbEENBRREES) En
0T/ <, ©£® blooming D2 Z LI+ D bloom A%
EHIRR S L o5,

HADREKIETZ ®X 57 plankton succession @
HAERIE > TETWB T L, HEOREREORE
PIERDTEEIIBLER TH - e RICH TR A & 42T
BEFTBL50 - TEIHELODNTL, biEREK
BT A DR B O R M D 18 BEK T D I AR &
EEEZDE, NBIERBC L 5 KEELLBES
2z &3 T& 5,

UL, Skeletonema costatum 18 5H &3 HEEE
FAD blooming 2 BARENCHEITT% succession DEFE
issh &, &RPREIEEPEREEME OEERLT T
HARER B OFHIE MR W, T 2 b b, allelo-
chemics /g EF e i b2 BREZAOIERAZE 2 X5 %
750,

5. #% [0

HOER E ORI FA UosRiiig, BAS GRS Hw
FLUTHY (red water &5 W& red tide) &5 FHL
TIHFENTW2E Y, FREEDIR R4 % b T,
HARIC SR U 7o R R e O ek & LT T &,

LT, ZOWMRETHRESINAEORRCIZ,
W E IR EDRIRE N,

CDL SR b BRI FIC X 5 &, ZDIARBE
BREWCHE LY DDH D4, Thid plankton @
WERNOBFRICESBEPNTHSERCHD, KE
DEZRERD ANIE A F 2 v 7 BFIFIRAD N,

BN DD HERICHD D TIREL T, HTHoHE

RN £ DRHIR MG & I 5 BIEEEAL S 5 D T H-
T, FEOHIFRIZ T & b HIFERRIER B,

T DML LR, BERFEAEDORHCREROE
ORI BEAS T, HERABTIIABNE
REMB—DORMIEH LT B,

ARG i 5 plankton community C ¥ B
succession DM E U-CHE% T3 % &, H# ik
plankton QEEHNNEE S & & HIC—JF Tl species
diversity 23 BIHIC/INE {7 » T, BAK L - TEZED
index 12E 0 ICESIRAEICHY TS, LES T ENRT
&5,

PESR D INF DI FE T2 & OAEES) (plankton DI HEEL
R OmMETZ2ELWCTHEIAL LD &3 55 0853
TELD, BHOWE—D DB H 2 LML E 2
DI AR OZEL, FHCEHE T plankton community
23 BB/ monspecific population WCHLARAIZEE 5 T
CEROHEHNSHOREHEORELHFETH - T,
Z DIz D3 LFEYE allelochemics DEARHEE I L
TWWb,
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3. TEPEREBEIHD WA O T

Bioconcentration in Marine Diatoms

H# B z B

SHRERRIC KD 2 TERR I EECH#ERL,
HEN 5 TEEKDZRFLE - TR L
T, ¥/, Zhcfts Aoo#kd, Efbick - T
ETEREAD B G RL, bAEOR RO EY:
RERAHEEE L T D, FRCHEKDOIZIRDEER LA
KBTI DEIARE L L, FEES, 8, KIE,
W, ARER Y O—# TR B By ER OB %
X202 TAEYIORRA EEFE LB, Whw b4k
DERIREBLC OB DDOH BHELCIIHE - T 5,
Fro, RSN EBME RSB EIN, BR, ) vitED
SRR OWAK T 30 5 BENER L OEEO B ¥E
LGN HET L, ThRENER-TTI5 7 bR
HWHE—— RO RE—ERL T b, BFRET
BRI ORELZT CREA~F TR —RICE
LUl hidbhbh ORECEH L, R\ T
i, REORETHBREYLENCHL TRD, SFEIE
M R ER ORI EA B U CRET BRI HE
nTW5B,

HEk, REIOKELEYCFOETHBICDOWTIIIRDRE
BREREZDNTE 7, T4bb, VENBELLSS

* Tamao YOSHIDA B G/KPEKS: Tokyo University
of Fisheries

ok

Y7 bk Iml HBo10°~10° [EOMEHM O SEE CTE
HEL, KEEMO L FWCHE L TERREYRS L
Lo QKREDT T VI b OFEDSRRC L - Tk
DEGHRENETE SNERBREL DD KT L, &
Yo TONREMIC L - CTEEY B 252 L, 95
LDEOT 7V b BRI R E R EET S
L, METHHH. THHIEBRBICKEEYOKEEIL L
WHEEROSRL TS, UL, SHEBLTED
TNDR, REEMCL 5 TIIAbh b THH 5B HE
BWE OLMERARTH D, R BRT 5 EYRIC
i, WETE, SR, RN EOWEH T v b
VBN, TNBHEF I Ju 04— X — D EYR
W MR FER ST S - T 5 (Fig. 1o UL
b, BIRGMENRE LD TchHA, F248c 1 E0E4
THBAZEZTRN, N7 7Y 7 eREBRC R b nE
THMDEYNC I LD TRWHEIHERES S - TR
wRINT %,

BY7 5 v 7 b vick 2BREERHE OBRECOWT
IR RERC X 5 B R RS R B S
LRERENBELRINTLURER S, FHAREY, &
FICRICKFE R ESHBEL - T 2 RENERYE
CDWTHARDERERIC KT B RER YT 5
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Fig. 1-1. Cycrotella nana x10000

Fig. 1-2. Thalassiosira sp. X5000

I ATRTERIND Z EREZ BRT &k, B,
EEEHBTC Y > TE ORISR S HEE T 5
L, DDT 22 WTREY T 5 v 7 b o h QR EIE
HLT 0.0lppm BETHD, iEAKPOIERDSITER
Berh T, DDT oKicsd 5 5ME 1 ppb
HHHEEIL T EDEE% 0.1ppb 70 L 0.01ppb &4
&, 100555 1,000 EOEMEN TR THn5E T
LMREZ BND, EEREICIREL HY2355% Synedra %
BWTAF VAR TH— T REOBRELEEL T %,
DDT 2\ Tid KEIL? BAWEEELYFAWT, “C-
DDT oW T Cox¥ REERY T 7 /7 P vEk v

T, %72 PCB (AROCLOR 1242) I© 2\ Tid KEILY &
PHBEEREE R N CENEREHEREAREL, WThd
860 572\ U 1,200 fEDERTE TN 5,

BHRIRACOKFFZ BRI S B e, A E
PEFORBCEETHEEZONLDT, KEED
T LS 5WERE LD 30m WHEOEEF Tk XA
BExED - CTEETHHY T T 0 b rieonT, oh
D QBRI YETG I8 O A Wl 6 % 5 U CIE B
HREE 2T &1, WIFEBRIC BT 2 BERME OB
ERMBLMN T2 L 2T, hosYyERERD
FRZEHNEHE TR DR RNERT— 2 TH
LT ERPELNTEALS, T, EHEMRLAEETE
RICAESHERBIRCKE I N2 BIcBE T 2 S
BHETE B 723, DDT T1004 F v L E, PCBloWn
TREIOTT b o2z 5EKRAETH D LM R
TWd, INBHDLAYINTR D TERETHD,
RABEPICHAT L LAEEZ DL, ABDEREA T
DI D IR B O R TRAK BRBE ) b RN
FRRIL DIV, TOHEEHAT BRI R L IC R
BONCEROFHMEEL LS, £2T, E2HM50D
BAGRMOE LWRIBEERYHICOWTIE, Z0oR%
% R U CBREDK T T4 S 5 75 48 & A v i X
&, T DEWEERINC D TRINTELD ¢ Z Bk
FOBERXBICET X5 ENRTETESD, 20
DI REF TOAGEEHMOEZ N &, Lird B
BEDRERZENRBERIND, TRODE R4
IR E UCRBUES S SO 5 > 7 b o nE 2 bR
D BAEMORIEEFRIR SN TE Y, F o REm L4
MR E TONBRNETH %, M7 5 v 7 b 3G
BB B0 CIRE E LT RBICHTEL, 220103 2
2P EORE I EHFEOOTRE RS LR T
HERFIRHNICHTREL E 2 B, Lhnd, RRICHY 7
TPk S CHEEIRAE N, P 7 & R NE
FEKIBD SERBREINDBRLES 2105 2 ik
WHETHZLRTCEARVWAETH A5,

YLD X5 7B A - CRBIC B % i R
YT I % BREEE P O BRI B T 2 R e B T
LR RS LA RO—RE LT, ZcafEcksd 5P
CB DAY OB EITR » THREZ B, R
THEDbRDIULEEMABC DO W T FOBRERSAEL
TR RE & TR E D, Tk, BWBRIbRAGKEERR
UCHMBRETH DR, TOHEETAY F—7 Tk -
TEBLIAAYZ NS Itk - THIRL T,
“C-PCB &M: ZZikfnbhk “C-PCB OAR
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Ba (03
Ba*CZ
Gotty
"Cefls
*1 [o,HNOz
Cehicl
Cu (ULLMAN REACTION)
"Cels Cebs
‘ C!ZJFeCI 3
ALumINA CoLumN CHROMATGGRAPHY
PCB
éNAL YIELD a 257
}LC|
Fig. 2. Synthesis of “C-PCBs from

barium carbonate.

BRI HARR T AR EBAR LI L - THEIN,
UC RN U A HEYE L L TCRAREN T, Ok
Wik Fig. 2 39 m<, R|BEANY LX) gy
—N4 K, ZFL Y, UEVERALCEDRZE Y
1:~w%ﬁ$mbféﬁbtymﬁkﬁ®ﬁﬁéPCB
BAYMTVIFERWE T L a< b 5T 4~
PO THEL, &5 WmobfiaECDﬁm%%mb
fefiAsa= b5 7K 5 TR PCB flkE# L,
T PCB & A7 = + 75 2DEE—T H0H%
Lok, MiEOKREICIE, FIrGC-MS (LKB 9000) IT
kD 7o0= /5 LD E~7ICDNTT AANRT bV
ORI » T CIE 3L 4D PCB %54 &
T2 KCA0IHETHHDTHHT &AL, &
JhAEEIX 18.9 4 Ci/mg THh - o
BEEFE O PCB kit Atk : kBT S ERES
MELOEEEZ T, EBRIT W b Rk Cycrotella
nana, Thalassiosira sp. D 2 FIC DWW T, FBICTHA B2
PCB T3 Btk 2 st L, KC 400wt L Cidvh
DD 10ppb LT DEE CIREELSIT AT & 534
b,
ﬁﬁ®%%:Ji(miT@m1mT¢m< B RYE
KICHREHEIE, BRI s I VvEL2HRML, Tris N
V7 =Lkl ﬂI%?E~TSKL,1%(¢T15%

o A 101
Table 1. Composition of the culture medium.
Agend sea water IL
Enrichments

N source (NaNOs) 34 mg
P source (NaHPO.) 40 mg
Metals
Fe (FeCls) 400 pug
Zn (ZnCl:) 150 pg
Cu (CuCly) 30 mg
EDTA2Na
Vitamins
Biotin 1ug
Thiamine 100 pg
Bee 3ug

pH 7.5-7.8 adjusted with tris buffer and sterilized
at 120°C for 15 min.

0
/

\

Ti: Thalassiosira d

Cy Cyclotila pane

1 t ! . 1
2 4 6 & 10

days

Fig. 3. Growth curve of the marine diatoms.

MR E L TR L 2, ERICHRT » TREMK % 500 ml
OREFEWECHEEL CTPRIERX T, £0odb o 11
DOREEERCECHML TERET - /o, BEFAHR
W 22+1°C, ME 2,000~2,500 /v 7 A, [EEBEZ
12/ B & Ui,

EimEoHE: Fig. 3 WKWRTEOHMBEHRIDOWTD
BIEOFI (Stage D), HdIEELMESEETR-> T

LEEH (Stage ID), 3 X OOFERRRBIC 2 U /< B ] (Stage
1) © 3 B DWW T ORBEERALEET 5D, BEH

(41>



102 5 & Bll% $£2% (1973): BilERESLIE

A3, 5, 7 HEIREERD 100ml #=H7 5 22
BL, 6RMEFTCHR > THIRBIEOSRE 22 T,
0.01 £ CiveHM 3% “C-PCB = &% /) — VW 1wl %00
Al ThE 20°C OIERIIRE 5 KM T, BEHCER
5L, 304y, 3R, 10 Bk & O 24 Bf%Ic £ D
20ml R LT, 7' AT —) 7 {4~ (Watmann
GF/C) TF@L TEREHRIN Lz, FiC, 100 ml OiF
BHEKTED, 7ANE—~CHELET EOEESY L~
Fl—v a4 TAMCBL, “C MEateEEHIRE & L
oo BHEOEREBRABRICHEWTERERD 200ml %
MR LT (AR 7 A ~L7 A2 —T) FlL
THE Lz BEDBAIEEIZ N1 7 LH T Soluene 340
Xy~ FHD 2ml &Nz, 40°C T3EEEE 5 L
THELL, 2~3D H:0: T LT LTk Y o+
FH VU F LR ME TS v F L — g v
vy E = LD RHETTIS 5 7o FRSS X O BRI T
DBEHTEER Instagel (v w & — N % B CEHEIL o
EFRRREFEOEREREICOWTRON & WV TRkdi,
g = KEEDH O GG B DRI
BEUKH O B E DR
_ (H#o “C-PCB)dpm/mg.w.w.
L=+ i) o “C-PCB
+ & @& “C-PCB] dpm/ul

4

_b<

ERBRUEZE

WMROERLY Table 2 WiRkd, 18 SN cifEERInE
BOMIC X » TRARYEREED DIid ok, TOMH
B L T, HIlRORNWEHELD, 230 1ml gk
B HAK DRI HREDEEICOW T OBENIRE T
BB, HILE L OB ONWTIRBRA 2ERAL L LERD
55, BRERIEHEOMMICTR NI S 10R DL A 2
T HDITE L, MEIEDIEES RT3 KT
W ET %, RBICEI N 2 BOTERE Cyerotella 3 X
N Thalassiosira oW TOERRIIANFN 1,200,

Table 2. Concentration factors of “C-PCB in
marine diatoms at various exposure times and
growth stages.

Species of Exposure Growth stage
diatom time (h) I 11 111
Cyclotella nana 4.36mg 5.09mg 15.29mg
0.5 196 577 571
3 292 1109 727
10 675 1223 828
24 1865 1656 905
Thalassiosira
sp. 4.43mg 8.36mg 13.93mg
3 376 622 812
10 728 1620 902
24 2009 1765 902

1,600 &WAENRE SR, Thud KEIL 543 Cylin-
drotheca T2\ T Aroclor 1242 % F\ T4 fE 1,100
CHELPREWETH D, 20 HIcBL, HE Cl K
5~6 #3fhd T % UC-PCB & H\WTiik » T 5%k
DREREE CTHEBRET L Thic\n, B RN HIF
MU, RKARWEK TR TV, ZORRIC DWW T
20m! T &AL CHURRER AL 228, BT Ok
WEEREET Ny 7757 v P T U ORI
FELTWE, 2OZ &1d PCB OEBENDEIELHYIT
HRERZ LB RRTEIDEFZLE D,

b Ak
1) BEMIEEDS: Chemosphere #H k.
2) KEIL, J.E. et al. (1969): Bull. Envir. Cont.
Toxicol., 4, 169.
3) Cox, J.L. (1970): :bid, 5, 218.
4) KL, J.E., ibid.
5) YosHIDA, T. et al., AMBIO in press.
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4. FEFAN FHEPEDOHERS 2 & O HBRE AW
DER O b WL T2 IR B DR R EL

Aspects of Eutrophication in Hiroshima Bay Viewed from
Transition of Cultured Oyster Production and
Succession of Marine Biotic Communities

%I

JT

=

1969-1970 4, EEETI, WRADRh-ksah
v 13 FY 4 Y Hemieutreptia antiqua, = k757
B ¥ A ey Heterosigma inlandica 758, JRIGNY
TR DHORMNER L, BLWRER YL L
7o THESETULT, ERERD &+ Lo,
BEEMEEHO—BEH ¥ 12 H v Hydroides nor-
vwwaﬂﬂﬁﬁib,:mmiééﬁﬁ*@ﬁ%mﬁ
WEHKIELL, TDIEH, "=7FT 3k N5
Tubularia 75 &, e Vo doRERAED bR,
F BT, EREOHREE T, 7Y R Balanus
DOEEIEHNET D, & FEEHOWRC bIEL ki
LTWaBBUIRTH %,

T TR, BOEDIRES S BRI R T B EAEY
L E UTiREAGEROBR & 4 FAEEOHER, 7t
LR ERBEMCDONT, FO—HARREZ L ELEL
s

1. BEEYEFOEUICEYBEOER

BED X S, EBEOEREIET (196645 L)
BCid, #FEERCRT 2FAFEML L UL, B
HHCRELHEDO 7 VY RBLEFTERH D, E
GAHIL) 3, 54 F 484 Mytilus edulis,
v L 4 Ry Ciona intestinalis B I Xv Ry Styela
plicata 7o &N R BHEThH - 12, Fio, HEEORFHHE
LT, aAERY 2 VAANBEERTHEL AT L T
3= Skeletonema costatum DL, EREBWCT ¥4
v XA v Peridinium quinguecorne 07T H ANK
H A Ly Gymnodinium ostenfeldi 75 &5, /N
FETIRETH .

196748EE M D, FH 2 H WU BRAA TSGR L O
HEDO—T, Floe=J&4 v e FIRMEHBT

* Kohman Y. ARAKAWA [ &EKERRE Hiro-
shima Fisheries Experimental Station

oo

THRA LA, WIERS/NMKT, Urd BB
EE ok, ~BROFEHEZFHIICREDLAh -T2

(FE]11, 1970, 1971 %5 X T8 1971a), HEID3ED, D
FEnBETBRUDGEFNERERYTEER, 1972),

WA DN Tt b TF T H ¥4 er s v OFfREN
FHTHB L2 (P, 1973) —J7, ThET, O
ﬂfﬁﬁmABKﬂfﬁ/fﬁxﬁb//@ﬁ@ﬁHi
B, BI96BEL BB TRIFRER LS Ko7, &
DML, WROFBETS, WELYHEDERICE
B AEECETE ST ERI LRI D,

19694 %k, B bREFFEFANE DL BEILHO 4
FEES AT, ERIOMBETH 5527 vV RRE
TEL, TOWRCRILZEE H + O EWH IR, B4
(196842) D 6 ELLF & WS ERABELYZ 5T - G

AT )

— Tubularia
L - Halecium

p——
|!' |Eydroides

BIM Hyih oy (1969, 19704) LK
v Fay T (1970) R FREAER,
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104 5 & Bl1% H28 (1973); BILBEELE

1R 1966 LIBEOIRBEIC KD 3 XA BELGR L OREAT S v 7 F v OME,
G, 1971, 1973; M, 1973; #E LB, 1972 2Ok 0 A8
;‘Q’”‘"“h—ﬁ;,lx £ Year
T 1966 1967 1968 1969 1970 1971 1972
TEF  Species T

B p
Hydroides norvegica + +(+) +(+) +++ + 4+ ++(+F) ++
Nz AT I NI ERY NV
Tubularia & Halecium + +(+) +(+) ++ +++ + +
ATV FART e AARRL
Skeletonema costatum ++ ++ ++ ++ ++ ++ ++
THhHyATAL LY
Peridinium quinguecorne + 4 + + — _ + _
ChUFT ALY
Heterosigma inlandica - + + 4 RS L +
LHvT I NY L
Hemieutreptia antiqua - — — 4+ + + + 4+

—: B LW, +: HET5, ++

JII, 1971a, 1971c =X TF 1973) (F1ED), ¥/, O
EOB, v M FTHV AT L EERBIC, L by
23 FY L ORISR CIEABRICHE L, RIELE
CREBHEEYSTD Lk,
BIOTOEEICIZ, EBRID # FBRBPIC <= 7 &7 3
EFIRB, RV HYBRE, & FohiEnaasEsl,
FC, FOXEE AN IRBEEHO BT # T 5
v Iy (40 /w37 y) Sakuraeolis enoshi-
mensis DI ENES A b GENIL, 1971, RITiE,
AR B & TRIAB 7 0 2 4 v o DR IEEMN
B0 Gl 1973), F/ho, ERICid sy 31K 4
VEERNYFT AU L LV EEEEE S AR
FREiC R,

19714F1%, Bi4EIC { TR ERBICHBL, #
HERA VY, BNy T e, FEROPL LA RE
DB RA DI, L FICEBYHEZ 2138 TR
et GRNLL 1973)e Fie, b FT hoA el
LYDENCT, THYA TR ELYRNE H T X
LVE Gymnodium DFRENEHCH - TEHL
Foo LAY LI Ny A HA I, BT
AR THBCRELRh-T (EED, 1972), Kk
B S ERANT T, EhbRie, EELEM
O—EF vF a7 9T HA Loimia medusa W3 (35)
B sk HEO A a ¥ ¥/ Tritodynamia hor-
vanthi © [#HR#E A& bR G, 1973a), AFIE,
ChECRIBYE, HEERETREANNCKFEELE L DERL
FESIL D B %, WENETRLDAA, IRBETTD
INHRRAT, WIEICEDT 5EEO HEELOSMT

Bi-» THAT S, +++: BEHEL

TERTERLELT, FEHEMWT2HEEE A b,

1972413, 4 24 o Y OFAINE LR,
PREEY FEDHETH - 7243, THEBO 7 +EH
BCRAFICICERISERR DR, FELOWHEELZT
7o (FE, 1973), ¥/, I IFTHVAEF LV E
LAy 3R P AV ORFOFENAEIC LS 5T
PH - & Ay, WEBREEOANE o X4 o V3,
BN, PHUEHBIT A AT L b a</kEOREd RS
hiz,

Z DR, BEILE O EFER I BT D KIBE Escherichia
coli BEDFELE(LE WA &, [RETOEEN)[OT LN
3~4km OWERTI, 19634E1CiE, B (MPN) <
108 TH - 72DA%, 1965FFICIE 228, X HIC19684FEIC 14
2,467 & 2, 19634EXSIOEI 23 5 b L (LB
IR AT, 1969), & OFEIR, REORE ABRC
B 5B E RAROMRE T RTHOL
L CEIR 2R,

2. BERBLEABEDORERE

IR AR OBEIIC DWW T HT 5B A, BHICH
235 F F FEREEOHE I O MBI B T2 o\, 1968
IR, BB IR TW A EOBREII6, 0005 T,
F ORI BILOREIICEFT LTV A (E2R), ©
NEOEIE, —HO [Z&PE Pontoon | & L TDWH
WEMASDEND T, TOTERBDRT KD
T E QEEEIC X > TREBCRES +55%E, B
* EOAMUL RRITIR, 1/7~1/8 1Tt B AAETF 3%

5, 1971b),
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DA

TRV 31T B o 4 FHEEED 2 fio
(1968 £EBIA)

AR E OB AR L > T D, SHICE
o, EFBE L A DS D EWEYE B W Biode-
posits (Filter-feeders D#ds kN DHER L 72 D)
DRE, ] 40-50t A< (RBHERR) dHELY,

Ak, ERIC X - T, RIS IN D R T OTEER
B0 { 1%, Biodeposits & L T BRSO YEE
ICEBIN, I T AT KL E & & i, Sk
D EBEIRBRIEFRIE S - 0 b G B, 1971h),
K&, HiE (1972) &, BEEOHMY OB e

T » T, IHeterosigma =° Peridinium 7t Rl 7" 5
7 b DRSS, BETCEEINDT L AT LML T
W,

R (1973) 13, EILEO X BN REEBBEE L
TEHHFAREA) K% BT, ERFNOEROEREL
B%35t/HBIY, 2-10t/8 & BFi- T3, 2hb
OREMR LB KT 58585 X CHROB xSt H

* ¥4k D Biodeposits B 1%, 6,000 (&) x50 (t)=
300,000 t/4F &72h, ZDI3HD 0.1% »ifTikes
FTHBH0D, #+D Biodeposits 2 b DEEEL
BI1208t/H BELHMEING, ks, H1abk
0 DEFHER, 1FEMEM OHA) K20t &
REohTtnsd GiJlls, 1971b),

DA 105

LT, MM (6-70) OMBAKRT, BRIBED (7-8H)
DEBBEL, L AOTORELUD (0F D, 35
HFRD AN KT, WEOEFEAIMOEHR YT 5 &
DI AR, HHAH IR LA I N AV
L ZHREORERAENTLYRTVELTWE, Thick
D&, 1969, 1970F DR HA & OBl OWTIREE
TE DM, 196TFELIRE, SN OS5 Ao Rk i
& BRI I DWW TR, A BHIEE Db,
CAVREFE S F 4B D Biodeposits 1€ & A EHARBE
ERLLEDEEbS,

IEEBEREOw KD NO-N BE (LREIEEE)
AT 1 (1973) W K naE, 19644E LRI I 0.5 pug-
at/l &, ke, BIE—ETH-7=00, E1EY4) H+
HEPERAMET L2 UD 19674113 2 ug-at/l, X bic,
B H QR A LD F AR S R
FEDOH - I9T0FEY, 4 pg-at/l L ERO 104
ELWIHAEZRL, BROAYFEOEYR, oMy
FHREDOHER & —H U EAEZ R T 5,

Toks, 197TVRE, I ad v QEERAELR DR
F, REOIEBAIFIC BRTTFRERD, AT
AR Lz, iU, MR - Ko RiC L - T
bR O EHTE, Hi, [LROEHIE, &b A
READAOERESRKHIIREL, RO ERTABO
LRILEABANCTE 5 Foleb &3 2 b R B, Ak,
LO724F 3R BT PE SO B G M X 5 H37 C st %, Bk,
THWHROEARD b s &, & L oWEiho3g
EARAEHRGTR CH DIEE QM T X B 450 3 43 F »
T, RIS e M e e b D & Bbn b, —7,
DX BKEFNE T AL EO /DI - kiEED
FBHIILE RS TR, BRERDCICEEN FIC X - T
372 H &N % Biodeposits DERAMBTE T, FHE
(b, L19724ERK, ¥SHID H + FHIE & .0 FIF
IR 25 Vv ODREHRESY R,

B AFAEECELETERELIEERICEYBBOLE
EEHTR, BEECRLIE EBOBEERSD,
BRI 31,000t (KB EE) OEEXHT, 2F
ERERD 8% U L% H9BEnWI3EREYE, T3
(19684E), BT TH, L0 DLIAEEXDOE VDL, KE
BEH L LT L EBEHT, Bk 70 % binnwkrE
XHFTnDd (FE3IN, F4KD.

EBO A FFMZ, PHOTER TGS Ui BT
MRS EERCIRUED, KIE BRI 20 CoRT
(BEET)RELET, BRI SRRy
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TR TREMENE L, IERTEBIEB LN TWER
BRI, KR 20 m DUEOERERIC $ THAZ L, L
BRI R ST HE & 78 - 7 ORI i 45 T B
- 7o

DY S AREEMOESRERBE LT, HEEERED
194545121 200t FEETH - = d D23, 19554E 7,000 t,
1965 4F 25,000t & TREEM/ BTN E/RL, 1968 4R i3
31,000t &ZEHIDAPEREEH T HICES I,

Linl, —H CRIABOEENZEHEL R EES 1
#RHI bW\ LT, HFHRAEEC L 5150 ZLE
- TEHELLAD, ThETEAERZ N TEf

1 &g
oor S
mE i
GE
fil N
A
E
S
7
&
D
Hosof
(%)
[¢]
1968 1969 1970 1971

4

HIX EBIREZENK B DFRIE Y LB DR,
(1968 LEDEAKDEES% 100 & L HADH
ThbbhT, 1968-19714F)

5 & LA 2T (1973); HILMEE 2

B MM ELE, 9%X18m?) M0 OEERN,
1966 fED 3.2t HEWC FEDOK L Z REIZ Ui, &
FUE, [RBEONEEYR L A BRI T A
IERH bR R U FHE2ALTRD, ThE
THAERNCHETT L Qi mRE(L Z DY (19674 &
LEETRLL, BENEEYO—DTH B+ DEEITE
BEBINELRUDRLDERLZENTELS (B2
%, B5RD. TO®%O,E1EMD OF FEERIZI67
4E 2.9t, 1968 4F 2.8t &, WO Z AETH DT
B b b3, BEAekoArE 1967 ££ 30,180t, 1968
4E 80,576t KRR FREEEID T0hb, i, 240
LB FERAEI T R L DHDTH D,

LT BN, T OB OEIRBB ORI S 20 BT,
Lk DEPEREA 1969, 1970 4RIiE, ERBEHE LR
Lz 19684ED 55% P& L, 1971 4EFE > CTL D
B ED 84 Y BEEREE Ric, chid, ZOMiE

Bl ocicne oot
Pl *Red vater planktons
£
8
&
- S —— i)
a
- \ Fouling aninals
[ i
g s P
E
g \ o
\\
\ g
S AT s i
5 T heemeoe e Y LS
- s
E B A o BE 14 E
5 Y
21 //A-»/’""*_, 63
. 2
_F S i
g i 15
sfo £
=B 1963 1966 1965 1966 1967 1968 1969 1970 19T 1972 s
Yoar 3
N, R e e . .
BN JLEEIC KT DB FEEOHER L 2k

575 - 2 A EEOER (1963-1972 4£),

LB IR E R ELE A

H4R

B2E IKBBOEMy FEEREBBEEAEA LKL /B RER

O # #HEER (B, AEEE, X E1E8Y0 g

(1963-1972),

‘\;é*‘Eixzxxﬁff 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
@%(9><§%1n2) 8, 230 7,804 8,266 8,761 10,468 10,962 11,020 9,805 9,946 (9,723)
h * A FE B 20,042 19,808 25,054 27,764 30,180 30,576 18,022 17,329 25,895 (24,454)
(# & = &+t) [19,553] [19,449] [24,536]
®1E4DH % -

R B (D [2.4] [2.5] [3.0] 3.2 2.9 2.8 1.6 1.7 2.6 (2.5)
C D) 19734 3 AKX ¥ COHEEE,
[ ] BREEEOAIC L DEEG, 1966 F£LIKE, BRLSLOEEIFRAETTRbR T, 26460 1% WKk

DT, FHELEEL TS S,

(L BE B AEREER, 1963-1972 12X %)
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D S VAV 107
3R BAIVEMO & F EEOHER L D W AMEEOER» b R 5 BEOEN#E,
FR A FEREOHRY | B OE A& B BB D Z ¥ ! H—Xfﬂt@aﬁﬁ
N %E%Mm LEAD s awm | Bouwoaw | romomym | Bi [OND
B i ;£ BEE = LT = o I 27 (pg-at/D)
1 | !
1963 19,553t | 2.4t i ‘ i - Escherichia coli
| | (MPN): 108
i \ : f
| ! i
| | | |
1964 | { | [ | Skeletonema  costa-
‘ ! i« Mytilus, Ciona, | tum,  Peridinium -
i j i Styela, Balanus = | quinquecorne, Gym- HoKE(L 0.5
; o B nodinium ostenfeldsi | ‘
‘ ! LORBINARSEA
1965 < D A 4 14 | |
e : 1 ¢ E. coli
W | |
i i |
1966 32t 1
| GRAFRE
L RLERE IR
1
1967 « Hvdroides norvegica Heterosigma inlan- t
- - D55 B HEC B dica O FrEgl o T mEY 2.0
COMEL L CwCERT | Bk | 2Ry
B ﬁ 3
1968 | 30,576t *Hydrozoa (Tu,bula- ‘H inlandica DR +E. coli ;
C GRERT ria sp.) OffERM | L - (MPN): 2,467
T M HyblE L s
D) CE 21D 1 |
| | L
1969 18,022t 1.6t «H. norvegica St \»Hemicutreptia an- t
(WiF56% CHEERE K3tk | tiqua DIREFID T |
T IREE) LR CBEE ‘ |
SR O X L AR
| i inlandica® 7% 5 |
1970 17,239t | 1.7t HUEFAVU\é“)O% |
‘ j ! H. norvegica Hii i-H' antiqua % X % | 4.0
{ g | H. inlandica D j'ﬁ
Hydrozoa (Tubula- | R
ria, Halecium) St5 4
%k o )
1971, 25,895t 2.6t H. norvegica ¥ X +H. antiqua ZLiR « Tritodynamia
(19685{’1:[3/@ | O'Hydrozoa DEY +H. inlandica @O # horvanthi -
85% 1 EI1H) - FEARRE ERRE R RIS TR Y j
| o \ ERE(
1972 (24,454t ) (2.5t) |"LHEET H. nor {*H. antiqua @ FRy GEE ¥
vegica EHEFEE | FBAERRHID LERD)
“H. inlandica D 778 \ | i
| | ! |

w JRES AR A B

R BRI BT

N
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108 5 & Bk #2585 (1973); BILWEZEAES

IRREETORUD ) +EBEHBCREFORFELY L
HHFFH AF LWL DETANRKEL, #oF DR
T R o o - R TR, BT4E (1968 4F) 1l B
«vc%£5%®ﬁﬂta£iqu5<%3u%
ek, TOMmMEEIIE, 1968FEF TR O Te s h
YNy A/mﬁiﬁ, 19674 BRI E5785 T S B,
bNDLL DI -Tee bIF T H vt Ay BT
BMCHRMEERL, BHABCRERBEELLLLL
gA&ﬂb@ﬁ%i 1969, 1970Mj4E, K FESEN O3
EVBECETL, BXEBEOHCECELE L2
FEo T b,

Pl <lc b CAZREBMTZEHEIRICRT LB
DT, REVSI BT AESED A FATEDHER & L
R OBRELEL, EMOERELOBRER M I Tk
LTCNBZERMETE LS,

B
OWEE E LD DAL S X LN HBUKIERFT
%E%ﬁ%;dﬁbﬁﬁiﬁﬁ»itﬁ%%@ﬁﬁﬁ%
F%'?J’e“é SECHRTRESh, BoANIE R BN
IR B EAPEARGE LIRBRDICH T ZERT 5,

X 58
sellEaE (1970): WHHO 1A A Y=k I L vick
DR E ARG £ OWE. B, 29(2), 65-71.
FeIITHG (1971): JRES & 2 QLD 4 2 B
FEA: Lok FoddE B4R T, 83(8),195-196
T (1971a) . 196947 Bl By Je i Lo B S
LHOLFES 27 VI X DB + OB E
DWC. BFRFHMEE, 30(2), 75-82.

5. &% # b5

FIFR & (1971b): H F BRI B % YR HEREL
FOWE (D—REHIEFEECOW T, [, 36(3),

113-128.
Fellbras (1973): oA B4 BB+ 5T
Fi—1. EEEBERT D H4 2 H oY A BEOEA

Eibe b LAKRDIR, No. 4, 13-17.

FelllhFns (1973a): 197TH4FILBET CHAE Lt a £
v/ (B V=R, B oRE. HE @,
129-131.
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Exploiting the Ocean by...

T.S.K.
OCEANOGRAPHIC
INSTRUMENTS

REPRESENTATIVE GROUPS OF INSTRUMENTS AND SYSTEMS
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THE TSURUMI SEIKI CO., LTD.

1506 Tsurumi-cho Tsurumi-ku, Yokohama, 230 Japan

TSK. USA.
CABLE ADDRESS TELEPHONE 3446 Kurtz St.,
TSURUMISEIKI Yokohama Yokohama 521-5252~5 San Diego, Calif. 92110, U.S.A

IWAMIYA INSTRUMENTATION LABORATORY
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AUTO-LAB PORTABLE S-T BRIDGE

Model 602
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