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Thermal Stress for Hexadecane Decomposition
in Seawater of a Natural Envirenment*

Humitake SEKD®*

Abstract: The thermal alteration of microbial activity was studied on hexadecane decompo-
sition by microorganisms in salt water of a natural pool of Shimogamo Hot Spring. There
was a significant linear relationship between the logarithm of the in sitw potentiality of
hexadecane decomposition, mug hexadecane/liter seawater/hr, and temperature, i.e., Fo=7.81
and F(1, 10 : 0.05)=4.96. The regression line was determined statistically to be y=—0.0152

of hexadecane decomposition and x=temperature (°C), within the temperature range of 42.8

to 63.9°C in the pool.

1. Intreduction

Serious regional problems are induced by
thermal alteration of aquatic ecosystems as the
result of thermal pollution due to the effect of
heated effluents or cooling towers on man’s
environment, sometimes with temperature
ranging from normal to well above 50°C (e.g.,
GIBBONS and SHARITZ, 1974). One of the
problems is thermal effect on the mechanism
of self-purification in aquatic environments:
This might be most important for degradation
of hydrocarbon pollutants, because they spread
over as surface film on water where the thermal
effluents discharged might be astrictive with
their influence being greatest.

The effect of temperature on microbial degra-
dation of hydrocarbons have been examined
extensively over a wide range of temperature
in the laboratory as reviewed in ZOBELL (1969)
or CROW et al. (1974), but no scientific works
have been reported on the effect of high temper-
ature in natural aquatic environments.

The water of hot springs in Shimogamo
Village, Shizuoka Prefecture of Japan, is saline
as influenced greatly by seawater of the Pacific
Ocean (Office Hygiene of Shizuoka Prefecture,
1957), although the springs distributed along
the Aono-gawa River in the village where is

* Received March 1, 1975
* QOcean Research Institute, University of Tokyo,
Minami-dai, Nakano-ku, Tokyo, 164 Japan

about 4km from the seashore (Fig. 1). A
natural pool (Fig. 1) is formed on the river
beach at a spring effluent, where the water is
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Fig. 1. Location of Shimogamo Hot Spring and
stations in a natural pool at a spring effluent.
Numbers in the pool represent depth in cm.
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characterized as temperature of 63.9°C, chlorin-
ity of 10.47 %;, pH of 8.82 and Eh of 537 mV.
Environmental gradient can be observed even
in such a small pool as influenced primary by
temperature gradient within the range of 41.5
and 43.9°C (for details see SEKI et al., 1975a).

Thermal effect of microbial degradation of
a hydrocarbon, hexadecane, was studied in the
natural pool of Shimogamo Village, where the
slightly halophilic microorganisms are considered
to be acclimatized to the thermal gradient in a
high temperature environment (SEKI et al.,
1975a).

2. Materials and methods

An investigation was made at a natural pool
(Fig. 1) of hot spring on river beach of the
Aono-gawa River in Shimogamo Village, Shizu-
oka Prefecture, on September 22, 1974.
Water samples were collected at a few cm depth
from the surface with sterilized 50 ml plastic
syringes.

The petroleumlytic microorganisms were
enumerated by the method of SEKI (1973), as
a viable count using a silica gel medium. The
rate of hexadecane decomposition in seawater
was determined by a simulated iz situ method
of SEKI (1975), except the incubation being
made iz situ. The rate of hexadecane oxidation
measured using *C hexadecane-1-*C by this
method shows the maximum attainable rate of
hexadecane decomposition in situ. The total

number of bacteria was directly counted under
a phase contrast microscope. The heterotrophic
bacteria (SEKI et al., 1974) were enumerated
by a plate count method with Medium 2216
(salt medium for seawater bacteria) and Medium
2216 with distilled water instead of 759 sea-
water (freshwater medium for freshwater bac-
teria).

The details of environmental conditions in
the pool have been already reported in SEKI
et al. (1975a).

3. Results

1. Hexadecane-decomposers in the microbial

flora

Hexadecane-decomposers in the microbial
flora at each water temperature of the pool
are shown in Table 1. In salt water of the hot
spring, the densities of hexadecane-decomposers
and kerosene-decomposers were almost the
same, as has been observed in seawater of the
bays of Shimoda and Tokyo (SEKI, 1974). The
density of hexadecane-decomposers in each
water sample of the pool was 0.000001 % to
0.00001 2, of the total bacteria or 0.01 to 0.1 %
of the heterotrophic bacteria: Approximately
one order magnitude lower in bacterial flora
(as indicated by total bacteria) or one order
magnitude higher in the heterotrophic bacteria,
compared to that in each water sample of the
bays of Shimoda and Tokyo (SEKI, 1974).
~ Slightly halophilic bacteria were predominant

Table 1. Density (bacteria/l water) of total bacteria, heterotrophic bacteria both saline and fresh-
water, kerosene-decomposers, hexadecane-decomposers in a natural pool of the hot spring.
Station Tem;ierature Tota? Heterotrophic bacteria Kerosene- Hexadecane-
[&(®) bacteria Saline Freshwater decomposers decomposers
1 46.0 6.7x10% 9.6x10* 1.8x10° 6 x10 8 x10
2 53.5 8.6x10° 2.4x10% 1.2x10° 2 X110 4 %10
3 63.9 2,5%10° 7.3x10° 4 X10° 1.0x10° 1.2x10°
4 42.8 8.0%10° 7.5%10* 1 x10? 4 x10 4 X10
5 43.0 1.3X10% 7.1%10* 2.0x10° 1.2x10° 1.4x10°
6 47.0 1.5x10% 1.9%10° 2.0%10° 8 x10 8 x10
7 48.4 6.7x10° 2.2X10° 3.0x10° 2 X10 4 x10
8 51.4 3.3x10° 1.1x10° 1.0x10° 2.6X10? 1.0x10?
9 51.8 2.9%10° 1.7X10° 4.6%10° 1.0x10% 4 x10
10 56.0 2.5%10° 1.2x10° 3.2x10° 1.0x10? 4 x10
11 50.9 6.7 x10° 3.3x10* 2.3x10° 4 %10 1.2%10?
12 53.5 2.5%x10° 9.6x10% 3.1x10% 1.0%10% 4 x10
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in the bacterial flora of the salt water of the
spring, where chlorinity of the water was
10.47 %;. As has been observed in a natural
estuarine environment (SEKI et al., 1969), bac-
teria which grow best in the freshwater medium
inhabit water in an estuary with a salinity of
less than 1.9 95 that is equivalent to a chlorinity
of 10.65%. These differences show that high
temperature might be favourable for the activity
and survival of halophilic bacteria in more
freshwater environment. Population density of
total bacteria is very high, many of which must
be dead cells because of bacteria by the viable
count being not so numerous.

2. Hexadecane decomposition at different

water temperatures

The water temperature ranged from 41.5 to
63.9°C in the pool. The temperature gradient
seems to be chronic in the pool as formed
chiefly by the existence of two gyres, that are
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Fig. 2. Relationship between the heterotrophic
potentiality of hexadecane decomposition by
microorganisms and temperature.

O: in the pool of Shimogamo Hot Spring
X : in the bottom layer of Shimoda Bay

formed primarily by a strong current passes
from the inflow to the outflow through short
axis at the southern part of the pool. Hexa-
decane decomposition at each station (42.8-
63.9°C) is shown in Fig. 2. As is shown in
Table 1, hexadecane-decomposers at each station
were almost the same in their population density,
the difference in the rate of decomposition has
to be attributed chiefly to thermal stress. The
activity was lower at higher temperature and
there was a significant linear relationship be-
tween the logarithm of the in situ rate of
hexadecane decomposition and temperature
(Table 2). The rate is measured as the maxi-
mum attainable rate of decomposition in situ
or the heterotrophic potentiality in sizu. The
regression line was determined statistically to
be y=-—0.0152 x+1.82 with unbiased variance
vV ,.=0.106, where y=logarithm of the in situ
potentiality of hexadecane decomposition (mug
hexadecane/I/hr) and temperature (°C). The
relationship indicates that the microorganisms
responsible for the hexadecane decomposition
were facultative psychrophiles which had been
acclimatized to the thermal environment as
eurythermal organisms: This leads to the
deduction that the microorganisms in the salt
water of the spring must be chiefly marine
microorganisms as influenced little by micro-
organisms from other origin. As a matter of
fact, the relationship between logarithm of the
in situ potentiality of hexadecane decomposition
and temperature in the bottom layer of Shimoda
Bay, as indicated in the cross mark in Fig. 2,
fits also on the regression line obtained at the
hot spring. The population density of hexa-
decane-decomposers in the bottom layer of the
sea was almost the same with that in the hot
spring.

Table 2. Regression analysis of logarithm of the in sizu potentiality of hexadecane
decomposition (mgg hexadecane/I/hr) and temperature (°C).

Source of variation Sum of square Degree of freedom Mean square Fo
Linear regression 0. 0885 1 0. 0885 7.81%
Residual 0.1133 10 0.01133

Total 0.2018 11

* Probability level F(1,10:0,05)=4.96
F(1,10:0.01)=10.10
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4. Discussion

The existence of petroleumlytic activity by
microorganisms was confirmed in a natural
pool of Shimogamo Hot Spring. The rate of
hexadecane decomposition in salt water of the
pool was approximately 10 mpg hexadecane/!
per hr, which is almost equivalent to that in
some mesotrophic watermass in the sea as
little affected by petroleum pollution (SEKI,
1974). This has been already confirmed in the
former studies from the point of eutrophication
(SEKI et al., 1975a and b). The activity rate
had the close relationship with water temper-
ature, and a regression relationship can be
determined statistically among the data not
only from the pool of the hot spring but also
from the water of the bottom layer of Shimoda
Bay, where is believed to be the origin of salt
water in Shimogamo Hot Spring (Office Hygiene
of Shizuoka Prefecture, 1957). Thus the relation-
ship shown in Fig. 2 must be one of the typical
example of the thermal stress for hexadecane
decomposition by microorganisms in seawater
of a natural environment.

The semi-logarithmic depression of the micro-
bial activity of hexadecane decomposition by
high temperature from 24.0°C at the bottom
layer of Shimoda Bay up to 63.9°C in the hot
spring was observed in a water of the same
water-type. The depression is shown to be
very small perhaps because of acclimatization
of facultative psychrophiles to the high temper-
ature environment, as the activity of typical
marine microorganisms could not be detected
with thermal shock at 50°C in the case of no ac-
climatization. Moreover, the density of hexade-
cane-decomposers were almost the same in the
thermal range of 24.0 to 63.9°C in the water.

In conclusion, thermal stress must be greatest
at the thermal shock for microflora in the
marine environment, as far as self-purification
of petroleum pollution is concerned. However,
once the thermal pollution becomes chronic in
a certain region of the sea, the thermal stress
for the self-purification might not be great with
only slight depression as the eurythermal
characteristics of facultative psychrophiles.
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Fishery QOceanography of Bigeye Tuna—II

Thermocline and Dissoived Oxygen Content in Relation to Tuna
Longline Fishing Grounds in the Eastern Tropical Pacific Ocean

Eiji HANAMOTO

Abstract: In this report, the author examined the fishing grounds of bigeye tuna (7T hunnus
obesus) in the eastern tropical Pacific Ocean in relation to the thermocline depth and dissolved

oxygen content, and found the following:

1) The areas with high catch rate (catch per 100 hooks) of bigeye tuna are located along
7°N and 12°N, west of 135°W; and along 7°N, east of 135°W, and extend to the equatorial
area between Galapagos Is. and off Ecuador. There is also a high catch rate area along the
equator extending from the western part of Galapagos Is. to 115°W, in the northern hemi-
sphere. In the southern hemisphere, high catch rate areas are located between 1°S and 7°8S,
west of 140°W; and 1°S and 10°S, between 105°W and 140°W. In the area between 93°W
and 105°W, the high catch rate area is separated into two areas: between 1°S and 4°S, and

between 7°S and 11°S.

In areas other than those listed above, the catch rates are generally low. Moreover, in
the coastal area of Peru and in the area along latitude 10°N east of 135°W, no bigeye tuna

are taken at all.

2) The depth of the top of the thermocline is generally shallower than 100 m in the-
eastern tropical Pacific. Ridges in thermocline lie along the equator, off Ecuador, and in

the area along latitude 10°N extending from east to west off Costa Rica.

3) The depth of the thermocline generally coincides with that of the oxycline.
dissolved oxygen content decreases rapidly within the thermocline. There are two types in
the tendency of decreasing oxygen: 1. areas where the dissolved oxygen content decreases
to less than 1ml/l below the thermocline, and 2. the areas where the dissolved oxygen

content is greater than 1ml/l although it does decrease below the thermocline.

4) The areas with high bigeye tuna catch rate are found in shallow thermocline areas.
such as off Ecuador and along the equator. However, the area east of 135°W and centered
along latitude 10°N where no bigeye tuna are taken is also seen to have a shallow thermo-
cline. The catch rates are low in the areas where the depth of the top of the thermocline

is deeper than 100 m.

5) The depths of capture of the bigeye tuna occur principally within or below the:

thermocline.
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6) The water temperatures at the depths of capture of bigeye tuna range widely from
12°C to 27°C. This study has shown that bigeye tuna are caught in waters of lower

temperature than hitherto believed.

7) The bigeye tuna are caught in waters where the dissolved oxygen content is greater
than 1ml/l, but not in waters with oxygen content below 1mi/l. It is thus considered that
1 ml/l is a minimum requirement of dissolved oxygen for bigeye tuna.

8) No bigeye tuna are caught in waters of the Costa Rica Dome in spite of the shallow
thermocline and high biological productivity in the area. This phenomenon is likely due to
low dissolved oxygen content (less than 1 ml//) at the hook depths of the tuna longline gear.
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Table 1. Tabulation of available oceanographic observation.

Vessel Cruise Period of survey T. 0. Source of data
Sagami maru 3 Apr.-July, 1958 O KNS, 1968
4 Sep.-Nov., 1958 O ' .
6 Aug.-Oct., 1959 o ., .
8 Apr.-July, 1960 O ' '
11 July-Sep., 1961 O " "
12 Jan.-Feb., 1962 O ' "
18 Feb., 1964 O .y s
Taisei maru 13 July-Sep., 1961 O ME S, 1963
15 June-Aug., 1962 O 'y '
17 June-Sep., 1963 O 's 1965
18 Dec., 1963-Mar., 1964 O . 'y
19 June-Nov., 1964 O - 1966
20 Feb.-May, 1965 O ' "
21 Sep., 1965-Jan., 1966 0 ., 1967
22 Apr.-Sep., 1966 O ' 1968
23 Dec., 1966-May, 1967 O . .
24 Sep. 1967-Jan., 1968 O HGS, 1969
25 May-Sep., 1968 O ' 1970
26 Jan.-June, 1969 O " ys
27 Oct., 1969-Mar., 1970 O ’s 1971
Shoyo maru 12 Dec., 1962-Mar., 1963 O O SMH, 1963
13 Dec., 1963-Feb., 1964 O O 'y 1964
14 Dec., 1964-Feb., 1965 O O ' 1965
Kaiyo maru Emerald Dec., 1968-Mar., 1969 O O KMH, 1971
H. M. Smith 5 Sep.~Oct., 1950 O O SSR, 131, 1954
8 Jan.-Feb., 1951 O O 5s 55 55
11 Sep.~Oct., 1951 O O OOP, 1963
31 Sep.~-Oct., 1955 O O S SR, 201, 1957
33 Mar., 1956 @) O OOP, 1963
35 Aug.-Oct., 1956 O @) DR, SIO Ref. 61-9, 1961
38 Jan.-Mar., 1957 O IGY, OR No. 3, 1961
45 Apr.~June, 1958 O O O0OP, 1965
Koyo maru —gise;erf“ Pacific  p.. 1964 O O DOO, 3, 1968
Horizon Step 1 Sep.-Dec., 1960 O O DR, SIO Ref. 61-9, 1961
Dorado July-Aug., 1965 O OOP, 1965
Dolphin Apr.-May, 1958 O O »s 3
Downwind Oct.-Nov., 1957, Feb., 1958 O @) ’s ’s
Eastropic Oct.-Dec., 1955 O O ' 1962
S.F. Baird Tethys June-July, 1960 O IGY, OR No. 3, 1961
Costa Rica Dome  Nov.-Dec., 1959 O O OO0OP, 1965
TO-58-2 Nov., 1958 O O 55 »s
Scot May-June, 1958 O O ' 55
Eastropic Oct.-Dec., 1955 O O " 1962
Stranger TO-59-1 Jan.-Feb., 1959 O O OOP, 1965
Doldrums Aug., 1958 O @] 2 5
Scope Nov.-Dec., 1956 O O S SR, 279, 1958
U.S.S. Serrano  Unsel III May, 1949 O O OOP, 1957
Argo Swan Song Exp. Sep.~-Nov., 1961 O O DR, SIO Ref. 66-1, 1965
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Mie Prefectural Hamajima Fisheries

T. Temperature

0. : Dissolved oxygen

KNS: Kanagawa ken Suisanshikenjo Chosa Hokoku, Kanasuishi Shiryo No. 113, Kanagawa Prefectural
Fisheries Experimental Station

ME S: Mie Ken Suisanshikenjo Jigyo Hokoku, Mie Prefectural Fisheries Experimental Station

HGS: Mie Ken Hamajima Suisanshikenjo Jigyo Hokoku,
Experimental Station

SMH: Chosasen Shoyo Maru Hokokusho, Research Division, Fisheries Agency of Japan

KMH: Kaiyo Maru Chosa Hokokusho, Fisheries Agency of Japan

DOO: Data of Oceanographic Observations and Exploratory Fishings No. 3, Shimonoseki University
of Fisheries

S SR: Special Scientific Report—Fisheries, United States Department of the Interior Fish and Wild-
life Service

OO0P:

Oceanic Observations of the Pacific, Scripps Institution of Oceanography of the University of
California

DR, SIO: Data Report, Scripps Institution of Oceanography

IGY, OR:

IGY Oceanography Report No. 3, Oceanographic observations in the Intertropical Region
of the World Ocean during IGY and IGC, Part II B: Pacific Ocean, Department of Oceanog-
raphy and Meteorology, Agricultural and Mechanical College of Texas, College Station,
Texas, U.S.A.
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Fig. 1.

o os 4

Geographical distribution of yearly average catch rate (catch per 100 hooks) of

[z] under 0.2 ¢

bigeye tuna by one degree square in the eastern tropical Pacific Ocean, 1966-1970.

DRDI=H D Th B (Table 1),

B H BRI 310 2 A HERE &%, )& (1969)7
DFUCHEN TR ERBE BhAR L Tk o 85 T 8 A
5°C/100m iz HE L, TOIELEOERE Y
KEEE FIROEI LEHE L, ZDOBHECHE
T, AQREEHR ECHAI - S %, FoK
W, BEBREKENHRAZRDZCHI T4
BRAOBEELHEE, RE1IEXEC L CBEL

(

foo ok, 2EDI BB TS L ERER
LTz DFHE R RD T,

3. AAFOERIEE

FERIR EAR, 1974)Y TREhRES &%
IO REREC X AW 0EE D HERAGET
KIEPEC R NT A AF BT Lot k) 21T
EEINHER (ERER) ZHEELL. Thie
Ink, FHEEREOEIX 3ITN~IN O i
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Frequency

.Catch 1'até
Fig. 2. Frequency distribution of yearly average
catch rate of bigeye tuna by one degree square
in the eastern tropical Pacific Ocean, 1966-1970.
TrE 90~140m, 3°N~3°S Tk 50~150 m,
3°S~9°S Tk 110~160m, 9°S~13°S ¢t
120~160m TH % DT, £ -39 Lok, AREE
BLOREBRHRE - OBE 2 RT3 1Ch0D,
INLDERER AT O RENHORKME LT
Hviz,

L 2~ropgERnys (Fig. D
0.9% U LowvERBRILERIC OV TH D

130 120

140

L, 135°W DIPETIE 7°N % Lo 12°N, 135°~
115°W BICl ot X D EF 7°N 4 bt s
D, 115°W PIB Gt 0°~7°N & SE L b
AT RNIAFEE B L =277 FAwhoiRgEic
BTN B —TF, FIEE O SR 140°W
PIPETUL 1°S~7°S B B 53, 140°W ~105°
WHT 1°S~10°S iw# L 5, 72, 105°W
~93°W Hcik 29, Jbod ok 1°5~4°S,
DD DL T°S~11°S WEMN - T B,

Z DR DUEEIC BT % IR, BT,
135°W LIE o 10°N & aic 2 AF 04 En
IRNHEIEDEN Y, EORIIR L EEIER D LR F
7 AV D RBCESSEETL, 729 5KE
T CHREMTCEL Q0B T, SA—B
IR 7°S, 87°W 4 &l & L Th 8y
EHRE0 TH D, 115°W LIFH 0 JRligis Tl 98
RO DHFENEEL T B,

2. KRBEREOBEX

Fig. 3 wKRBE LROBES DN ma 7T, A
KBS 07 & 5 CHEEE AL T —Bic
ARBBENER S, £o BRI 100m DT
D, HPCIEO A KRBT & L an
N5, BEEL LT 40°W DEOFRER IO

1 100 90

DRSS —"rT S

W N
. SQI ~NT '&15

5

L Al

130 120

]

1 1 N 1
3 150y 140

deeper than 100 m
Fig. 3.
depth (m).

Geographical distribution of depth of the top of thermocline.
Straight lines show location of the vertical profiles shown in Figs. 4 to 9.

10 100 80

shallower than 50 m

Numerals denote the

C10)
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10°N #gic £ - THRPEICIED % 1,
Whhb=27 FAMCELEEN ST b5,
@ 5 LB!

a AR YA

T ARY N, =T A TCEERTE S,

a AX U Ao E > 1 Costa Rica Dome
(CROMWELL, 1958)%

77,

ELTHRIENR TV S,
el 5°N LT P HE D T %o

Table 2.

63

F 7o, ABRERE LR 100m PO 10°S
~15°S o 110°W ~90°W, 5°S Pggo 135°W
VI, 0°~5°S fio 150°W LIpE, 0°~5°N o
145°W DIPE, 4°N Zduts & Lic 145°W ~126°W
DUFIF & 785 T B

ZK ST T

Boundaries of equatorial current systems on five meridians in the eastern tropical

Pacific Ocean based on analysis of vertical temperature profile.
*. line combined between 7°53'S, 96°00'W and 17°00’N, 108°38'W.

96°-108°W*

150°W (Fig. 9) 135°W (Fig. 8) 121°W (Fig. 7) (Fig. 6) 95°W (Fig. 5)
Nerth Equatoriel - North of 9°N North of 10°N North of 13°N  9°-14°N Uncertain
urrent
Equatorial Counter o_go o_1n0 o_14q0 o_qgo °
Current 4°-9°N 4°-10°N 5°-13°N 5°-9°N North of 5°N
South Equatorial  gouih of 4N South of 4°N South of 5°N 5°N-6°S South of 5°N
urrent
Period Sep., Oct. 1951 Aug. 1956 Oct. 1955 Dec. 1955 Nov., Dec. 1960
Vessel H.M. Smith H.M. Smith Horizon Horizon Horizon
Cruise Cruise 1 Cruise 35 Eastropic Eastropic Step 1
Remarks Eastward flow” Eastward flow

south of 13°S

north of 14°N

sl

07

S L
200" —— . —
Ocatch - High catch rate area 0 catch
rate area rate area

Fig. 4. Temperature and dissolved oxygen con-

tent profiles along 87°W meridian. Location
of profile is shown in Fig. 3. Hatches denote
estimated principal fishing layer in each area.
Numerals denote temp. (°C) or dissolved
oxygen content (ml/l).

1)

0
=
0.
d
a
1004
m
200
0
junj
=
0.
W
a
100
m
/-
200 . —
High catch High catch 0 catch
rate area  rate area  rate area

Fig. 5. Temperature and dissolved oxygen con-

tent profiles along 95°W meridian. Location
of profile is shown in Fig. 3. Hatches denote
estimated principal fishing layer in each area.
Numerals denote temp. (°C) or dissolved
oxygen content (ml/l).
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e —

R
High catch
rate area

| —
Ocatchrate area -

Fig. 6. Temperature and dissolved oxygen con-
tent profiles along a line from 7°53’S, 96°00'W
to 17°00’N, 108°38’W. Location of profile is
shown in Fig. 3. Hatches denote estimated
principal fishing layer in each area. Numerals
denote temp. (°C) or dissolved oxygen content
(mi/1).

RO EAND Fig. 4~9 WiRE s & 74
B OAGRENTE W L BE RO E A
SE L/ (Table 2), JbiRaugin & JbiRE Rk o5
FUkigiE O°N~10°N @ ax b sy, 121°W #ic
i 13°N, 95°W #-cix 10°N DIk & M5 = g
FIEEIR » T B JbRER I & BRE R DL
Sk 121°W #8, 96°W ~108°W #, 95°W ¢
5°N LIbfm L T\ B2y, 150°W #5, 135°W %%
Tk AN Beh b, DIiEs, 96°W~108°W
# (Fig. 6) @ 14°N Plik, 135°W #t (Fig. 8)
D 13°S LI A RO b D, BEOHFIL
REID (1961)10 @ X 2R EmO—EB & & % 5
N5,

FREEFRE 95°W & (Fig. 5) &\ T DL
WThb, 22T 3°N~3°Sicht, T, 20~
100m BRI CHERBIARBALMREEL, Hk
T HREBROFEEL R, # R O iE ik 2°S~
2°N Micistc 5 L B s 5 (KNAUSS, 1966)1),
FRTLZENARD, chXvgibs s 1°Fo0%

200

(@)

DEPTH

100+

3

200

— —
High catch QOcatch
rate area rate area

Fig. 7. Temperature and dissolved oxygen con-
tent profiles along 121°W meridian. Location
of profile is shown in Fig. 3. Hatches denote
estimated principal fishing layer in each area.
Numerals denote temp. (°C) or dissolved
oxygen content (ml/[).

Mo T Db,

BFFHESFRBEE - THKD EER DR
be Flebb, 87°W Tk 1°N~2°S, 95°W
Fcir 2°N~6°S, 96°W ~108°W #Clk 3°N~
3°S, 121°W f#cik 5°N DRI CERBIIEE
TR EH L, KRR 5EILH O AR IE
Bk, 135°W 41, 150°W it s
WTERRO EHADREE, BKD EARADLR
BN, REW BT BRI OEEL L ERE
< Ten,

4. BEBEEORERE

HUEREGE RIS T B AGRBEE & BRI o
BERusiE—% L5 (Fig. 10), WOOSTER

125
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et al. (1958)% 12k o CHRHLNTWA L5 I
FBIREVCRERE T a0, o
HossHELE R I X h B b, RE sl T o
DI TREDLND, 1 DOXA KR
TCEEBREN L ml/l DT+ % di, 6
21 95°W o> 8°N LIk, 4°S DlEg, 96°W~
108°W #2> 5°N DUk, 4°S PIRE, ¥ Lo 121°W

o

155 10 5 0 5 10N

DEPT

200
0
y
=
o
Lt
(=}
100+
m
200
SRR e
High catch  High catch Uncer-
rate area rate area tain
Fig. 8. Temperature and dissolved oxygen con-

tent profiles along 135°W meridian. Location
of profile is shown in Fig. 3. Hatches denote
estimated principal fishing layer in each area.
Numerals denote temp. (°C) or dissolved
oxygen coatent (ml/l).

B, 135°W foo 5°N PUboWsTh %, H2 D
A FKRBE T CAEEREE) Iml/l U1
DT, AR L E LHIEIERE 4°~5°
DEIFH s Lot 150°W  #5  HgIPHIC S o fo ik

(@]

DEPTH

1004
m

200
0
E
o
L
(]
100
m
200
| — T
High catch High catch rate area
rate area
Fig. 9. Temperature and dissolved oxygen con-

tent profiles along 150°W meridian. Location
of profile is shown in Fig. 3. Hatches denote
estimated principal fishing layer in each area.
Numerals denote temp. (°C) or dissolved
oxygen content (ml/l).

055Q 10°5 0 5N

]
SO/\

87 ;
200 d

520 5 10N 5 10N 1095 0 5 10N o 5 10 15N
N 121° WA

96°~108°W

150°W

135°W /

Fig. 10. The depth of thermocline and oxycline along each meridian.

Location of each

meridian is shown in Fig. 3. Solid lines show the depth of upper and lower part
of thermocline. Dotted lines show the depth of upper and lower part of oxycline.
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Thbo

5. KREERE L » " FDOYRER

FEBHEERD A (Fig. D LKRBE LROZE
Sonf (Fig. ) H i+ 5L, 0.9% Lo
PERIRIOKERE LR OEI N 25m DEo=
T FPAHFTREENS IS5, 2L LTHER
DERI N 100m DEOE IR 2 50, 100 m
VEROWIE T L CHEBRER Lo, T B,
Friz, 10°S, 100°W 443 % X 8 5°N~10°S,
130°W DIFH o © - OEBNEZE Th 5, L
L, SA—uf, 10°N #icF 7 135°W DI#
DY R L0 115°W ~150°W B0 RE B\ il
TET BV ClE ARG LR OB & 2% 100 m DI
Zh 9 2hbTHERIZ0 Th 5.

—7, Fig. 4~9 RS NAKRERB LE 1ET
L EREROREI YLD L, HHERRCEK
5 2AA_FOX BB LT WHE, 96°W ~108°W
FRCWAGRIERE & D <, 121°W g, 135°W #%,
150°W L ClKiR BB v, 95°W Tk B

FBLCENLUETH D, DX 5 I HEEM A
SEEETIE, A ANFRFKREE TR T OFR L
DERCECHEI TV,

6. K& A7

Fig. 4~9 D& FHH 2 v o/KRE R E I
L5 &, BYERBICKTDAAFOLRERFO
Kk Table 3 iR X 5 C& T8 L LM HIE
NHY, BET 12°C, FEET 21°C ThH, —
77, 100m BoKiKFES7 (Fig. 11) L4ERY
$ERDAE (Fig. ) %405 &, BHERRC R
5 100m FoKiiz=2>7 FApmc 14°~16°C,
TRELND 11I°W b #3583 A BT L
BT 13°~17°C, JbEko 135°W DigEo 10°N
kL0 185°W DI 7°N #rups & Uik c
% 13°~25°C, mgakak o 140°W LIFE D 1°S~7°S
Tix 20°~26°C, 1°S~10°S, 140°W ~105°W
ik 13°~27°C, 1°S~11°S, 105°W ~93°W
BHClL 13°~20°C Ch 5,

TDLEHE, AARFORKIBIT IS A KE

Table 3. Temperature ranges at principal fishing layer of bigeye tuna in
the high catch rate areas along each meridian.
#: line combined between 7°53’S, 96°00'W and 17°00’N, 108°38'W.

Meridian 87°W 95°W 96°-108°W* 121°W 135°W 150°W
Temperature 13°-18°C 12°-22°C 12°-17°C 13°-25°C 12°-26°C 12°-27°C
N 150W 140 130
15 T . T ;
15 . 1

L 1[113 14- Co 13

o €ty Y L2 N
2> Wi Ny
N =—_ “a—

ST e

SR s /7\5—4 S
o >/L>S}/\J i
- IR s R

30 120

15150y, 10

710

Fig. 11. Horizontal distribution of temperature (°C) at the depth of 100 m.
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W XY Bienn, HAYTERADNS,

7. BEBREEL AT OWERN

EXHPERS A (Fig. D »BARDDFHRT
WORFIET T O FIER D AT, &, 0 YR
LI, e n kB EBRENENER (Fig. 4~
DOTHICR LT £ LT, 2RBEFIHBELD
FIMER A & L DUFIRIC BT % ERIEE OB
FRITHEB L BRI O LS CEY S D,

D 87°W i (Fig. ©

FHRER BT 2B EBRRERI BYELRE CH
HAREE FOFEIESE 3° Tk 1.5~3ml/l ©
HhHo PERNO Lins 5°N Dk, 4°S F71
5°S DGt 1ml/l PIFCh b,

2) 95°W g (Fig. 5)

W R R 2°N~4°S B¢k 1.5~4ml/l
ThHHM, FIEENO0 Licn 7°N Pk 1ml/l
VT OE A ERERIECHEEL T %5, 5°S~
8°S TR FHEEOEERZEREIL 1ml/l YT
DEAHIL, & 2 TRPERTE, 10°S D
THEBRZEY Iml/lP it b, o 10°S
T TESMBENILTMEA bR D, HHE
R n 5 T b,

3 96°W ~108°W # (100°W 4135, Fig. 6)
FHEROHEBRERILEHERE D 2°N~4°S
et 1.5~4ml/l ThHpy, T°N Lo 0 g

15

RF T 1ml/l PIFTHY, 1ml/l OHERE
30m FEFELTCD, 4°S DI e iR 0%
BEBZEN 1ml/l DT oSN SE 500 2T
PRI,

4) 121°W s (Fig. 7

FTHEBOREBRREIENER K © 3° N~
8°N BTz 1~4ml/l THBHH, 1ml/l DT
7% 9°N UL CESIER L 70 b, 1I°N Pldko 0
$IERIE T Lml/l DU OE N FHERE DR
HERL T 5,

5) 135°W # (Fig. 8)

FHERE OB FERER T 0°~10°S, 4°N~8°N
BoOENERBE L 1~4.5ml/l Ths, 10°N
A duie 1mi/l DI OfER &b b3,
130°W ~135°W R © DERIEESH o\ D T
R L OWERBHRTIAHTH 5,

6) 150°W i3 (Fig. 9)

10°N fHA o #9EsR: 135°W DIE 0 Th %
2%, 150°W M ClxB#vER L v, T b, ZhiT
L, 10°N oTREROBRERZ R 135°W
PIET 1ml/l PITF, 150°W ##Cix 1ml/l DIk
Thb, Tibb, BUEETLEREROKE
BEEEN Iml/l YT oLz ATEEERLOT
b0, Iml/l PIFEDr o ATEEV,

—77, $IEENO ThH B — &k X8 10°N

o

N 150W 140 130 120

15

A0 100 90 oW N

¥ 150y 140 130 120

100 90

110

Fig. 12. Horizontal distribution of dissolved oxygen content (mZ/l) at the depth of 100 m.
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el & LI o B o0 LERE OB X
VEDR L & B b, BT (3°S~9°S) 2% 110~
160m, #3# (3°N~9°N) R 90~140m THh 5% D
T, T OO 3 o Bk 100 m Fy
BEMEIND, FoC, 100m BoRERER
K55 (Fig. 12) &% &, FRO§ERN0

B 1ml/l PUF ougls & o]
RS THW—EN A b b, Hric, 10°N, 135°
WHIECTKRESGE TS 1ml/l OSMEGIELE
e OPERL DB T 5,

SIS, AEBERBEREREND DS L,
AT OEPERIBC B L X RGO BERE
Bt 1ml/l Pbkd A0, 1ml/l DT Ol
PERT 0 TH DD, Fhoikv, £z, 100m
V& DR KA Tl E S E R 1ml/l
VI Eowilk, 049RK: 1ml/l DT olifT
HDHL, AT OEREGT L EEBER L ORI
1 1ml/l OERPFRCECEERHL L5 Th b,

4. # =

D —gcy vEBIELEAET TE (RED,
1962)'2 JORFEFE RN & HBICE AL Kk 2
FBRCHEEL, o TIRAEEEN B, BE,
HURRECH AP CUIGR BB o sk T By 7
Fv o vBRFENE < (BRANDHORST, 1958)1,
<~ 7R HENEY T T v 2 Y VvBEERD B
W B L Tvwb (CROMWELL, 19539 ; KING
et al., 1953'®; SETTE, 1955'; KING et al.,
19577 ; BRANDHORST, 1958D),

Bk L7z X 518, A7 OfERT—mci0R
BEORCERTE, ol =27 ¥
NHRTHEL S, D=2 T R B E 2
25m PR EE W2 TS, BV REKE S
Fo A — R DB K E OO IR TH b
(BRANDHORST, 1958)V, HEiHh—% ¥~y L
WOIMEREAHLTRY, EWEEAEDLE
RS CENRTW A, FE, POP 2 <
(REID, 1962)'», ¥ 75 v 7 + vEEELE
(BRANDHORST, 1958D; REID, 1962!2), =D &
51, =27 FAMCIAEEENEL, A7 F1X
I OAEEDE CIFIRICE S, Tk, koY

TIV I P VBRERDE G IR~ 2 JEER
THECIFNDLATE, T A SFOER
TL-HRELUT, EHRNEE T~ m i EL L
W BEYEEONHERE 2 b,

bbbA, REEEBLEAZL L, 2-F01H
BTHh B A LFE, pH, hiEm s o 10°N
RT3 D 5°S~10°S 1 %, THPE S
MR & LTI & L s i B T (A 2k,
1969a®, b)), M & (19699 Uk~ % L 5 1w
T U b EYERE & ORI MR 5 L
Fong, EroaldioBEe ke 5 R
WESEZXDLIDOT, TATDHHRIC I - T
BEVRHADRANERZDRD EVS bl Tk
W,

2) A A_F OB AT L, A (1967)10
R ORIIE TRV QR B JE TR, ZEH B (1969)%
B E AR O T, B A ik ST Rle
T B EREL D, Fio, WIMERSHT X
BIRMERLEE T A Bl & 9~ T AR BRI rh i
ST (EHD, 197D, AR Lk 5,
B FERC I 2 FRIEF T AKREE R s X or
NP ETR - Tk h, FEL (19699 oMiEs X
ORI ORISR L D

10°N %l & L7 Costa Rica Dome A7,
7T N B LOH T T ALITED 758 F o
WA B LR OB X2 26 m F /243 50 m D),
Rehh, KEBETRL 87°W & (Fig. 4),
95°W #it (Fig. 5), 96°W~108°W # (Fig. 6)
DIKIRAEEE T2 b5 X 51 100 m DIk &%
Wy &0 LS TSI 2 T A S e A
FISNEARBEE TR & D I ES BB s ha s
Thbd, BBLAEEL (19699 DFicit 2 f,
DX TR TN B A B O L, #
AFEBEVRBEINS D LS, LL,
Costa Rica Dome fFE & ~T, =27 7 Py
LOHF T AL FEL VORI
EHERBRTH B, AT Ok E & AR E R
BILOENDIEEE 2 UL, 2 b D 2¥ER CLk sy
PR BRI EEL, TR Y B A ER L
ZTWABZENLLT, AAFOFBEENS ., T
HAREZE TV, 7ok, = @ Costa Rica Dome

(16)
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IR 7o b fo WE BRI W T I gi i3
Bo

3) 10°N # A 0 & LU e Costa Rica Dome %
Etr 135°W DI AGREE L B 28 50m
PR E®RL, W77 v s BHEEBMNEAS
(BRANDHORST, 1958V ; REID, 1962'®), %/:%
BRECZ L HF A~ FOEEEN B L1 b
3 (JATTC, 1973)®, 2 SFD#HET 0 Th
BHo —F, TOWBRCRT LBEERZBIRE
BT TERL, 1x7cbof@iiiEsns 60m
PIRT 1ml/l PIF &in- Tn% (Fig. 5), oh
wxtl, =277 FArOKREEER © B S
25m PIERE 10°N B2 0ol FERE V. L
L, BAEBZEECKRERE T CHRET, #8Ho0
FEERE (50~150m) i3 1ml/IPIESHY, =
WATOEHI TS S 03 160m WETH %
(Fig. )y 20X 51, =27 FAdE 10°N &
T DOHEBIEE U X 5 AR EEE 2 s d s
bbb, KEBETORGFRERCHENADN
Twb, Tibb, NHOBEERE KT 5EE
B EN= 7T FAMTE 1ml/l P F, 10°N#
FSOWIR I I ml/IDITTHD, - OMHENEY
BRoZELk, THbhicb D LEbh5,
RIFLEEBFZEEL OB R 2w T, BN
(1949 13 [EEBREB ORI OIFR A |
I DL ERIEL, WHEARTHLT VR
IO=7vics - TOREKEBELIERY TEN
0.9mYIBLONIml/l ThHh,| LHRELTED,
BaNse (1968)%” 1k [EAOHRERIAERTE
M 2ml/l YTl b LIBT3 5.) EHEL,
BLACKBURN (1965)%Y 11 % L, BEBEEN
<=7 eOSHEEHERT A, Fiudds < $HiE
HZBWTTHD, Zok5REIRAERES
N Iml/I PTFDLEZATHRLBRLS ) EHUT
Wh, BBRLI X 51T, AAF EEFEBIC ST
LIREBHEEREN S L O 100 m B0 KEL 7
L OBR, F7o=277 Pl Costa Rica Dome
&1y 10°N A DEHR AL LEED X 5
WA AFIEEEBEEY Lml/l P L oW T
BEINS2, 1ml/l YTFToREECiEshT
Wig\, /5T, A 3 F O B4, BLACKBURN

(1965)%) s x L O 7V, ~7 v OE& L EE
1ml/l DENBRIEBFRLERE TH S REENKE
WIS cBbhs,

—7, AR (1969)” 13 [Costa Rica Dome
D 10°N %l & U i Tk B 0 KR
HTEL, REBROFEH B, A AFRE
FETOHET HAHENRE V. LaL, KiEHE
BB GBI, FIEHEYEO A AFROHEL T
b, Xzlebh TIRRRNRAESMRTER .
LTS, UL, EdRLA k5 ciEsEsc
BT HBEEBEEDTENIDL AT, KREBTR X
OFRDBEC BT D A NFORETEZLNT,
Fic A NFRERMBEABCIAERLT (AL,
1969)%, KBREC I HLHBS X5, AV A
Pz & A 28 (TATTC, 1973)' ThH 5 DT,
WHEIRIC B B A A~ F DIEETL ORI
LA CHIFTE I,

GREEN (1967)%® 1 HERASEE Tl BB oY
%<, KEEEOKRE WK, FK, BV A+ OhE
MWORIIENBCEREL T D, ZORERRDO—
DELT, KEHEMEEOKE SHRBHORES
BNOTEZ T 5D TR E ExbhT
Wh, LL, AAFHKORER TR LEhDL
BRI NS LW EEE, dbAHAFA
XL AAFOEREDOELELDLNDD, KEOR
ZILCKIREERE) 73~ 7' r OB EHEREE & K
THEh, Tibb, KENEECIELNE
5k BHAREET S, o TE2LNLD
1% GREEN (1967)%) {1 @HLTWA X5, K
REENCHEFREE) ARCBLTH2 LT
e COBREMBEROWE, F K, BYFDOT
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A Possible General Circulation in the World Ocean of
65 Million Years B.P.*

Kenzo TAKANO™*

Abstract:: A possible barotropic general circulation in the world ocean of 65 million years
B.P. is shown for the present wind stress distribution. No circumpolar current is present.
The transport across the Drake Passage is weak and westward. Compared with the circu-
lation in the present-day ocean, the old circulation is strong in the Pacific and Indian Oceans
but weak in the Atlantic Ocean. The presence of a strait between North America and South
America is of no crucial importance in both the Pacific and Atlantic Oceans.

1. Introduction

Recent extensive paleoclimatological studies
are making it possible to reconstruct the climate
of the past on the basis of historical accounts,
chronological measurements of tree-growth,
biological and chemical records from lake, bog
and ocean sediments and from the polar ice
sheets. Meanwhile, the world ocean shape of
the past which should have been one of the
most important factors governing the climate
change can be deduced from recent progress
in global tectonics.

On the other hand, the numerical study of
the general circulation in the world ocean has
progressed to the point at which it is possible
to simulate most, though not all, of the major
large scale features of the circulation.

These approaches from various fields can be
combined to reveal to a certain extent the global
general circulation of the past.

In the meantime, we shall show here a possi-
ble general circulation in the world ocean of
65 million years B.P., of which the shape,
substantially different from the present one and
not so simple as that in the earlier ages, has
been compiled by K. KOBAYASHI of the Ocean
Research Institute of the University of Tokyo
(personal communication). While the configu-
ration of the coast lines at that time is believed
to be fairly reliable, no information is available
on the distribution of the ocean depth. Neither

* Received March 10, 1975
** Rikagaku Kenkyusho, Wako-shi, Saitama, 351
Japan

is reliable information available on atmospheric
parameters such as the atmospheric temperature,
pressure, humidity, cloudiness and precipitation,
which determine the heat, salt and momentum
fluxes through the ocean surface as driving
forces of the ocean circulation.

Though it is certainly premature to calculate
the general circulation subject to this uncertain
external forcing, it should be worthy in a sense
that a better understanding is gained of the
effect of the ocean shape on the general circu-
lation.

The present note is concerned with the baro-
tropic circulation only. The baroclinic circu-
lation and corresponding water density field
will be dealt with in a separate paper.

2. Model

Since only the predominantly geostrophic
large scale circulation is concerned, the advec-
tive accelerations can be neglected. The effects
of smaller (subgrid) scale motions on the large
scale motions are parameterized, as in most
numerical studies, by vertical and horizontal
diffusions of heat, salt and momentum.

Recent observational and numerical studies
show the presence of intense mesoscale eddies
in the mid-ocean. However, it is not yet known
whether these eddies drastically affect the large
scale ocean circulation through the vertical and
horizontal transports of heat, salt and momen-
tum. Therefore, these eddies are ignored for
the moment, so that there is no necessity for
using the grid size fine enough to resolve these
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eddies.

It is tentatively assumed that the ocean had
a constant depth and that the atmospheric
condition was not far from the present one.

In so far as the predominantly geostrophic
large scale motions are concerned, the external
gravity waves can be filtered out by the rigid
lid approximation: the vertical component of
the velocity is made equal to 0 at the ocean
surface. There is no friction at the ocean
bottom.

With these assumptions, the barotropic com-
ponent of the velocity (the vertical mean of the
horizontal velocity) is decoupled from the baro-
clinic component of the velocity (the deviation
of the horizontal velocity from its vertical mean).
Then, the barotropic component is governed by
the wind stress curl only, whereas the baro-
clinic component is governed by both the differ-
ential heat and salt fluxes and the wind stress
at the ocean surface. The barotropic component
still affects the baroclinic component through
the horizontal advection of heat and salt,
although there is no energy exchange between
the two components.

The stream function @ is introduced in such
a way that the eastward and northward com-
ponents of the barotropic component of the
velocity (u, v) are defined by

R I S
RH 8¢’ =~ RHcosg 04

u= (1)

where R is the earth’s radius, H is the ocean

depth, 2 is the longitude and ¢ is the latitude.
The vorticity equation is given by
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where ¢ is the time, A is the coefficient of
horizontal eddy viscosity, t; and ze are the

eastward and northward components of the
wind stress, po is the mean density of sea water
and f is the Coriolis parameter, 2w sing, ®
being the angular velocity of the earth’s rotation
(=7.29x 1075 sec™).

The eddy diffusion is approximately given by
the first term in the right-hand side of Eq. (2),
except in the vicinity of the pole.

The boundary conditions at the coast are:
no net flow across the coast, and no slip along
the coast.

The grid points are 2.5° apart in longitude
and 4° apart in latitude. From an initial state,
the time integration of Eq. (2) is carried forward
to get the vorticity /2@0. At each time step,
the stream function @ is calculated from /2@
by relaxation. The calculation is continued
until a steady state is reached.

Since the details of the finite differencing
scheme are described in another note (TAKANO,
1974), only the following two points are noted
here.

To a rough approximation, there were five
land masses at that time: a main composite
land mass (Eurasia-Africa-North America),
South America, India, Madagascar and Antarc-
tica-Australia, as seen in Figs. 2, 5 and 6. Since
the domain of solution is thus multiply con-
nected, a special relaxation technique is required
to determine the values of the stream function
on the coasts of the separate land masses.
While the time integration is forwarded, the
stream function is kept as O on the coast of
the main composite land mass, but is calculated
for the coasts of the other land masses by means
of a method called “‘hole relaxation’ after the
relaxation solution for the vibration of an elastic
plate with holes.

The second point is the use of an implicit
time differencing scheme for the Rossby waves.
The Pacific Ocean extends over a long distance
in the east-west direction. The highest frequency
Rossby wave is propagated so fast that the
explicit time differencing scheme for the Rossby
waves requires a very short time step. The
implicit scheme saves machine time by a factor
of several tens to one hundred. A time step
of 8 hours is used here.

The eastward component of the wind stress
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1s given by the longitudinal average of the
eastward component of the wind stress tabulated
by HELLERMAN (1967, 1968). The northward
component of the wind stress is everywhere
put as 0. Figure 1 shows the wind stress and
its curl as functions of latitude.

3. Result

Two different values are assumed for the
coefficient of eddy viscosity, A=10% cm?/sec in
Case (1) and A=3x10%cm?/sec in Case (2).

As is shown in a previous note (TAKANO,
1975), the coefficient of horizontal eddy viscosity
must be larger than a certain critical value
which is approximately proportional to the cube
of the grid size in the east-west direction.

2 (dyn?/qm%)

6 4 2 0 N é(\‘()_gdyn‘e/cmB)

Wind stress and its curl.

I L ! 1

Otherwise, the physical mode is considerably
distorted so that the solution is contaminated
by noise of a wave length of twice the grid
size. According to this criterion, a value of
3% 108 cm?/sec is almost the lower limit of the
allowable magnitude.

The ocean depth is taken as 4x 105 cm.

Figure 2 shows the initial state in Case (1),
where the planetary vorticity advection is
balanced everywhere with curlt/H. The
stream function @ is made equal to 0 on the
coasts of all the land masses; there is no net
flow between any two separate land masses.
Starting from this initial state, the time integ-
ration is carried out for 200 days.
shows how fast an almost steady state is reached
in terms of the total kinetic energy and trans-
ports between the separate land masses. The
units of the transport are 0.1XRXH cm/sec
(=25.48x10'2 cm?¥/sec), hereafter denoted by 7"
A period of about 60 days is enough to reach
an almost steady state, although it may take
a little longer for the coasts of South America
and India.

The calculation in Case (2) starts from the
final state of Case (1) and again continues for
almost 200 days. Figure 4 shows the kinetic
energy and transports as functions of time. It
is to be noted that the fluctuation with time
is exaggerated by the change of scale in Fig. 4
compared with Fig. 3. A little greater fluctu-

Figure 3

!

120 60

> 60 E 120 ‘ 180
Fig. 2. [Initial state for Case (1). units: 7 (=25.48 X 10" cm®/sec).
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Fig. 3. Total kinetic energy and transports be-
tween the separate land masses as functions of
time in Case (1). units: 7. The letter A
represents the value of the stream function
on the antarctic coast, and M, S, I represent
those on the coasts of Madagascar, South
America and India, respectively. FEach refers
to the scales A, M, S, and I, respectively.

ation of the transport arises from the smaller
coefficient of horizontal eddy wviscosity, while
the total kinetic energy becomes steady in a
short time. Several tens of days are enough
in Case (2), too.

Figures 5 and 6 show the stream lines in
Cases (1) and (2). There is no essential quali-
tative difference between the initial state (Fig. 2)
and the final states (Figs. 5 and 6). Neither
is there an essential difference between the
results of Cases (1) and (2), though the western
boundary currents are slightly stronger in Case
(2) than in Case (3). The net transport through
the strait between North America and South
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Fig. 4. Total kinetic energy and transports be~
tween the separate land masses as functions
of time in Case (2).

America (hereafter referred to as the Mid-
America Strait) is westward. Its amount is
about 0.3 7 (=8x10'2 cm?/sec), irrespective of
the value of A. The difference of the transport
across the Drake Passage (passage between
South America and Antarctica) is very small;
—~0.61 T in Case (1) and —0.57 7" in Case (2).

Case (3) is an additional case where the circu-
lation in the present-day world ocean is calcu-
lated, for comparison, with the same wind
stress as in Cases (1) and (2). The coefficient
of horizontal eddy viscosity is taken as 109 cm?/
sec. The effect of the ocean shape emerges
from comparison of Fig. 5 with Fig. 7. The
most striking features are the current pattern
around Antarctica. Australia is so close to
Antarctica that water cannot pass through be-
tween these two land masses. No circumpolar
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vO 120 e 7
A=10° cm?®/sec. units: 7.

i L ! t : 1 '

120 ‘ 60 G :
Fig. 6. Stream lines in Case (2). A=3%10%cm?/sec. units: 7.

current can be present. The present circum-
polar current splits into two gyres; one is in
the Atlantic and Indian Ocean sector, and the
other, stronger by a factor of about 2 than the
first one, is in the Pacific sector. The relative
weakness of the first gyre is readily accounted
for by leakage of water through the Drake
Passage. Compared with the present transport,
the transport across the Drake Passage is con-
siderably decreased, from 3.877 to —0.67T
(westward).

The strongest gyre is found north-east of
Australia. The southward shift of Australia

&0 20 =0

brings a larger quantity of water from the
equatorial Pacific Ocean to the Indian Ocean,
which results in a stronger circulation in the
Indian Ocean. Since the old Atlantic Ocean
is not as wide in longitude as the present
Atlantic Ocean, the circulation in the Atlantic
Ocean is generally weak, except in the south-
western South Atlantic Ocean. Compared to
the smaller Atlantic Ocean, the Pacific Ocean
is a little wider than the present Pacific Ocean,
which reinforces the western boundary trans-
port in the Pacific Ocean.

Moreover, no cyclonic gyre can be fully
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Fig. 7. Stream lines in Case (3).

Table 1. Transports in Cases (1) and (3).

Case (1) Case (3)
Kuroshio 20T 1.367T
Gulf Stream 0.61T 0.80T
Tropical Gyre —1.01T —0.617T

developed in the tropical Atlantic Ocean with
the presence of the Mid-America Strait. The
outflow of Atlantic water through the Strait
does not spread to a great extent in the Pacific
Ocean west of the Strait. The transports of
the Kuroshio, Gulf Stream and tropical gyre
in the North Pacific Ocean are tabulated in
Table 1.

The transports of the Kuroshio and tropical
gyre are greater in Case (1) than in Case (3),
while the transport of the Gulf Stream is
smaller in Case (1) than in Case (3). As is
well known, the magnitude of the western
boundary transport at a latitude can be con-
sidered to be equal to the magnitude of the
Sverdrup transport (transport by the vertically
integrated motion where the planetary vorticity
advection is balanced with the wind stress curl)
summed up along the latitude arc extending
from the western to eastern boundaries at that

A=10° cm?/sec. Present-day world ocean.

units: 7.

latitude. In other words, the western boundary
transport is proportional to the distance be-
tween the western and eastern boundaries
provided that the wind stress curl is constant
in longitude.

Table 2 gives the latitude of the location of
the maximum value of the stream function as
well as the ocean width and wind stress curl
at that latitude in Cases (1) and (3). The
transport expected from the result of Case (3)
and the change of the ocean shape is shown
in the fifth colum. For the tropical gyre,
177.5° is the longitudinal distance from the
Asian coast to the Mid-America Strait and
232.5° is the longitudinal distance from Asia to
the European coast through the Strait. Since
the values in the fifth column in Table 2 are
clese to those in the seccend column in Table 1,
the difference of the transport between Cases
(1) and (2) is mainly attributed to the difference
of the integrated Sverdrup transports. The
transport through the Mid-America Strait is of
little importance in these major gyres in the
northern hemisphere as far as the barotropic
circulation is concerned.

The transport in the Antarctic Ocean is
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Table 2. Transports in Case (1) expected from the integrated Sverdrup
transports together with the result in Case (3).

Transport
Case (1) Case (3)- expected in
Case (1)
latitude 28°N 28°N
Kuroshio ocean width 160° 100° 2.17T
wind stress curl (10~® dyne/cm?®) —0.541 —0.541
latitude 24° 28°
Gulf Stream ocean width 55° 60° 0.77T
wind stress curl (10~° dyne/cm?) —0.603 —0.541
latitude 8° 12°
Tropical Gyre ocean width 177.5° 125° —=0.987T
232.5° —1.167T
wind stress curl (10~® dyne/cm?) 0.262 0. 254

sensitive to the shape of Antarctica, to the
coefficient of eddy viscosity and to the wind
stress curl prescribed on the antarctic coast,
all of which are not well defined, particularly
when ice is ignored. Some examples are shown
for the present-day ocean. A slight modification
of the wind stress curl along a parallel of 68°S
in Case (3) gives rise to a change of the trans-
port of the Antarctic Circumpolar Current from
3.87T to 8.97. If the meridional barrier east
of the southern tip of South America is shifted
eastward by 5° so as to broaden the gap be-
tween them from 5° to 10° in longitude, the
transport is further increased to 227 with the
modified wind stress cur] and an additional
change of the coefficient of eddy viscosity from
10° cm?/sec to 3% 108 cm?/sec. The transport
becomes more than 357, when the meridional
barrier is completely chopped off in such a way
that the antarctic coast coincides with a parallel
of 68°S. If the southern tip of South America
is chopped off to increase the gap hetween

South America and Antarctica from 8° to 12°
in latitude, the transport becomes 207" with
the above modified wind stress curl and the
meridional barrier east of South America as it
is in Case (3).

Thanks go to Dr. K. KOBAYASHI of the
Ocean Research Institute of the University of
Tokyo for making his map of a world ocean
available.
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The Optomotor Reaction and the Behavior of Fish

Makoto INOUE

Abstract: The optomotor reaction is usually considered as a visual locomotor reaction which
is apparent by the movement of a animal after an object moves into visual field. This
reaction on fishes has been applied in many studies of their vision, their orientation behavior
in stream, or their swimming speed, because the reaction is an unconditioned response which
animals show immediately when placed in a moving scene. Recently, some scientists have
investigated the optomotor reaction of fish in relation to fishing method.

It is intended to review the optomotor apparatuses used by many previous authors and

the results analyzed from seven points of view,

visual sense, rheotaxis, migration,

swimming speed, schooling, fishing method, and other locomotive behaviors.

il

1. # =
kO BENC ML TR B B R EEI S (optomotor
reaction) 132, HENEM» D ANBICELZRAROENZE
M RONDRETH 5o B L CREEERITE
Bl s TR AEE, [iET 5 FI L0hcEyk
AR, FILONECBEOMBERD X 5 Wi HEE
HNZdOTE D, B OEER L, ], 5
DEE, ¥FRLEOEHY b TRIEETRT, BIHD
DX A REBEOTTEELETEISE RS AR X
o TEISIC 35236 0, — BRI OB A
EFRMEOREL A X RbhD bt b,

B BIGEE S BT A9 2 v, £OHRT
LiIZ LB E S 5313 Lyon®, CLAUSEN®,
JoNESY, SHAW?Y, PAviOV® LODHDTHd., Th
5 ORI RN ER R S B RO R O T F A
Liciab Tinl, ERE, ol BLRERE Bh
TR, BRI & A O AR, TEICBET BT
OFFELLTHBEL TS, TDHH, PAVLOV BI D

* 19754 4 B 2 HEM

W UK BE RIS, RGN 4-5-7,
Laboratory of Fishing Methodology, Tokyo
University Fisheries, Konan, Minato-ku, Tokyo,
108 Japan

ZokFEIeE (PROTASOV, ALTUKOV) BEUFEICH
7o o THOBREEH ST HIEOTEN DI EL TH
0, %70, ZELREUCTE»DERIFRLT- T&i,

AT} PAVLOV O, LR ED R, £ DM
DEFHICE B L THRMEBRUSIC BT 5 B A R A7,
UL, ZEEABIFL RSN ER, MBATHRE
FESICBET 2R RS RS DL Bb D O
T, FLELBMRBBRBICBEL L LT, KIE
ZOWFED S bRREOH B ED TIHIPID LD
ZHDTH b,

2. HEEHKIEDESE

W ERR S R BRI, B0 RENCD 5
BREAB L&, ThE@ELO—RCEDEI L5
Fo bl H 35 B0 BB IS (locomotory reaction) T
b5

I RO — S L RO RICEE Lo L (fovea
centralis) &\~ 3 8B4y (Tl Z QB4 RO L
TRAVOT, PLEE WS LD 3 fovea lateralis &1
PRBCEBHB) b, EEREERICED
EEOTEO—HEYE S, MBEOBEGIBREES S
VIR B (telotaxis), & OBERMEEESD S
W FEE (menotaxis) E BN THY, WIS

27



30 5 A H13%H 25 (1975); B{LEERLSHE

REJC M ZOED CHIERT 2 ERTH S, Th
XU CHRC RO B EZIED L 5 &3 5EER
FIBURBRS & 5 W IR EERIEYE (tropotaxis) TH 5%, #
REBSR N SOBEO VIR & - GEFOE)
Bea B o, EEBRGRIREEEES 2\ 3 BEEEEL
KERICIE B, BBR L RBEB RS TR RSO
A A E RF BN ET 5,

BIHICOWCOBIO WM BRSO IIZ, LYoN
DH LI EFRME (theotropism) DERY ©—&& L TFF
PRIeHDT, H5AKMOERD Ficikd 2 Baisik
OBENCBEIES D Fundulus K OWTDEHETH 5,
FBHELIS TR RADL (1903) MEH A AW T - kD
BEDD LE3NhTWnb, £/, ANMICd 2 ORIEOEE
PR bNEZFARE CIRIE (nystagmus) & EbhTn
Bo XLBIHINBHE LT, RMICE TEIBINE
R TN B, BEL TOL X IKREL BARLEER
CHEZDERTWHORHFICH 2 5 &, ZORTRPE
BLAWEL A BZEAL T & HREL, #nLEH
TR bhin{ o b & A HEMIC B O A S I
HETH, TSRO BELE s TREABEH T2 &
BEF BB,

LyoN OO H.LIIERESFISED D O TR i
<, BBRRIICEREY T Tk < EREORESY, (2T
WEZ BN TWIRARECES S & v 3 RA L 1A,
BHIEFOBANDBIF LD TH %, WX FOW
DL UTROERMER A BEYE 2 I E TR
AR FCRBECRE 5 &5 EROFE), SnEih
WEEPKTRCH I N D I dIc BB = L5352
BRHIMHERIETE D & Uik, RO L g, &k
HTRARHENORER BEARE T3 L &, HEgS
P RIC R D7 b U BEEA B 0 0 B BB R 7\,
KT B E L LT B 3540 03 B 2 5
Ll froicd, W B L Tk EKF o —E A B2 b
DIOTBHDTHY, TOBCHEZ T ROMEEFRISR
BOEREOBEO—EE2 bh b,

COHEADEPY 1, WEEKIEI W T (B0
BEOEE) ¥ 7 O MBI L s 2B EOB
B L TR AEFEORE] EEHRL T 5,

Pavriovic Iiid, MIGEBIRISE R 4413 Mm0
BRC BT 2BHEBEOFLETHY, FOEBIZE Ak
ERTH IS, ARERERERD 32, 8, Ko
W2 ORIE, AXE, 550I3H0BETH e
LTWwa, ¥/, BBHEZEOBEZRL LTEERC 213,
BEOH TR, YOKRESILBEHRETHDLE

TWb, AR DWW TREAPERCHE EER IS8
THED, TREBRED LBERERHH L LTS, $,
LRBEARIC ENEREAFIZ OISO T & b
LT3,

3. BREEHRIECOHE

BE i~ fe X S O R BB SR ARES 5\ I3 E
HIC & » THRBEBOERS D0, ZLOBECALNDH
L7 DT, £, BT ILBOW KA IR T
Who ZITI, M, FENE, Bl ERGERE, Bh
fED, ¥k, HRE-TEHO 7 HBKST TGRS, Ak
FTEHOHTRAE L DEZE T TOHEOWTRIC
HURWEEZID FF e,

1. WHOHE

H 7 AKEOMIC BERRERET KDL, Thegd
ETEBHIED L AMOThOBBREERLZ BV T DK
WERT, TORIEEFAL, BAOHHBOE BN
B SR, WEROBEEL, HACREHEOHS &
HEZDHINE L TERBORFWCE T 2 EHATbTn
Do BB e A X HE AW, HERELELIRL
B, HEBMACRD 5 EREHRBERS 2 & 2 AK
BAERH D, FOELE TR LD R L TH/ML TS
RIERHDTB e BNiE L. BY b4 X HieD
EXCOBOBISERALT, b A X HOB/NEARE
LTW5, INOUE® IR20BD F » F = 2 T, HiEK
B b L igilkoE 2 2 x e, KbE < OERA
BRIEHRRT/NE—vERD, BEHOBEOkIE 1:3
DS RN &8 o e LT ORRTIZBOR
1.5, 3, 4cm D 3IRELITT, TDHH dem BNED
Bo it 3em &EOERZENEPE CRis e /D
B0 4 8.5~9.0cm D7 iCx L, B HDIENHE
U, f8iE 8.2, 3.8, 1.9cm @ 3 BRI DWW TN,
BHEOLNE FRLPRIGRIDI - 23, Wi
b 70 % YU LOBREREIEERT I ER R TN 5,

M FOERT GRUNDFEST (1932) @ sun-fish
(Lepomis) @, Flz, GRONLY-DILLON and MUNTZ
(1965) O * v F s+ HEREBIHL TS, D
1ERFEEEE (TAKAHASHI e ol O¥EE, Fig. 1
LD & v, #7 AKKED R 9IS O FEsR 2 [z
4, sun-fish QBREROBER 540 nm QYL T
B, IR 612am ORI HLTENWZ &, ¥,
X 5 TRHEASIZH 615 nm ORI B S BEE
W EFBETWS, TAKAHASHI ¢t al.'® 13 GRONLY-
DILLON and MUNTZ D ¥ B 2 W B L 2 EHEE
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slb,w”t';v
\Z

Fig. 1. Takahashi, Murachi and Karakawa’s
apparatus. (TAKAHASHI et al., 1968)
P; projector T; 750 W projection lamp
C1, Cz; condenser lenses
H; heat filter
L ; projection lens (130 mm F 2.8)
; gear with 6 radiating holes and a black plastic
plate
; mirror

o

; glass vessel
cylindrical screen

Mf:Z

w; light stripes

b; dark stripes

(Fig. L v, A& 1 ORREEICH TN, BLh
THE UBSIEGIRBIC 75 » T 5 2 & 7 I3 ERIIARE
DR THbLHREHEEY B350, TORISOHRR
DN EFRIEBIC AN DR ERFIFISIRED # £ 57 ORf
JRIC BT, SEERRE IR O EHEE & 2BIFEGIRE~D
HBLER A Bla T A DI ET A E —HT 2 L2 R
TWnWb, TOB, BRETHISORI® HBE LML HH
N, KO3 FICEHL T D, 1) BAD XX H1dDk
< & 3~5 [EIFIFEL TR THIB /o G B s a i
23, D) AR LI A XS TE, ThEeh T AR
WATHBL Tk &, TOMREBFISI3HED TRR
Ri&ieb, £, BOREAICHE LB 0NE
Ejrrﬁwiiﬁ’%hfﬁbh%, 3) HICERBEENTH b

DBREE RE TR &, * X HIRBOBHHG L F

H#C%%%d@\A@éo
HREFUSERAL T O off G REL & 58,
critical fusion frequency) ZR®DB T ENT&5,
UL B SRR O BIESRE 2 ORI BT Tl L, Ao
e BHORMAMAL TLEWKEI B2 5 HRERL 5
MWHTHb. BHW 1wk b E, WOLF and ZERRHAN-
WoLF (1936) IR Z OFEIC L DB X% EZ CTERL,
FAHB T AUT off 13 50/sec LTBIELMTEHT &
& Rz

PAvLOV® 138D RREB SISO HIC B BB

Fig. 2. Koyama’s apparatus for ayu Plecoglossus
altivelis. (KOYAMA et al., 1965)

e LTKBEEHLXRFET TR, WHE XD TR %
T04~10""lux & LTHD, THREBEOREDOH < TR
ERFE—FHL T 5D,

AL B BEBER WiER YT R (Fig. 2) ot
THF - HT 2OFHERES, RECEL RO LS 7
EREEL, 1D BROWHEZE 1~2 KB sd 3
TEnb, BEOWBHAKELEIEZTEIOLEL
bhd, 2) F7=x, vIATZTRAFHEIC XK
ST BN, ROFLRLRIERE . Tk, ReiFer
BALED, 3D HET 2SR, FEREE 3L A B
F, HRRER, BRCHBUSANZ N, 7R P Rk
RIS 5. COEBERNLD, BHEO/NEECE
DT RET 5o &), 777 b UEBERRO T
R FOERFNED EHITIKEL TWDH T EERTH
OTHBHEL, Eiz, BT AREWCITLE, Rk e
PERTH S5 ERNT NS,

NLBPRRCEBCL - T, F7Ta2BnEErH
K, BEFCLULEAOWTHIL, i (HE
20) DBERPAEZE 2O X 3 SBE s X < S
35, B PELI0) OBATREEEN 4L ke
EBRWERGRIEETRVWL &, bbb, BNy
TDEEDH, BEIPNy TDE XD g g iEE
EHRREGTH LR T TDIED, TOBEECLD
BERNENTOERETT> T D,

b, BRI Fig. 3 KR BNB X 5 7KK
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Fig. 3. Inoue’s optomotor apparatus made from
a trough and two screens which are moved
by motors. (INOUE, 1967)

L CBREREEZLL L, TONEOBEICKIST 2
T T I AYOTERLAOMIEREO A E F 5 A fE
¥, 775 AYORERI Y EN, BYORERRD
FERE LT, FEEREE, BEORMCH T 345
Wb FAT 2 REE RSB0, WEERRIEORE
BHBEOWTD 50 TOHERT 75 ¥ REFERED
B X S BRERIEERTTO & &2 HEND I, LER
AREEDOBHEHFINEITO 7D, HIERENESA B
LR EBEOB AR AR L BRERISL, Bzt
LKA SBBHOBERMILELL TN D, HE0R
FORERBBICAL DL FELT, - OEREI
TENEINTE RSO TH D, ERICHNETT 5
AYDOREIR 2.1~16cm OWIET, kB4 (15~16
cm) BREOHWZOFEE L SFHL, hlom (5~
Tem) REGKIC L DERBD, NIDM (2.1~2.3cm)
B RHETDR - 2. RKOEKBRE S 275747
VDWW T BT ey, B2 T7F 472 (10~12cm) 12
BEACREREOmERIEEY, WTFholakcd
[ EEE A 1T - 7o MAEOZERI DWTIK, HARBEE
D AETRIC BT 2 RERRRO LEHCE S b L E
2L W5,

2. FEWEOHIIE

LoEB 3 iEMME (rheotaxis) R—E IR L 23D
ThHY, —EREMIBCL5bD0TH A D & L i,
LyoN® REMBIMATRICENTH—DDEXRTH S
TEHERDENRDE, BE LB EOWNO P TOEA
OFEBERFHABBEFIIETH DL LT B, T, 70
DK AL D HEBES HEL TR, BIREEL 29ko
BRI RAPHMR S CHEMTED LD H LBRT
Who BRI X% E, LYoN O D#%, STEINMAN

A W13 H2FH (1975): BIAEEELS

B

Fig. 4. Clausen’s apparatus, showing the relation
of the aquarium to the movable sides and
bottom. (CLAUSEN, 1931)

QOIDERESIR ZREL LGS TR 22 &%
EEHA L 7z, ¥ 7z, HOrRER (1907) RADMERICEEL,
KPR AER T D58, ONoER % 5o L
A A BT OEMANERTT 5 2 2R L, I
5O ERENRRC 4 2 HKEC L 250 TH S
EWIDTH D, Lanl, HIRRZHEL THERER
IR L, R ETRMEIC S LHE—0 BRI 7
5> TWAEDTRAVE NS DUKGRAAF (1933) D
BymzThs,

CLAUSEN® DI LYON QR EE K n4 FIH L
TOERMEO R A HCHR I 2D TH D, FOER
ORI Fig. 4 CAHBND X Hic, AWER & MED
WA BRI XED L A TH D, Fhd, A0
H BBER CBRIEO — A BB TEI 2 LR ENRTEH
D, KRN THKEGME ST L 570l < Alcd
RETHDHENWIEZLESNWLEDIDTH B, EROK
BESA R TREL Td, ERAEMTEBHLTH
FUSRAEU IR, JIEOFRLWERELSZ L L, *
g, #5AERRZD L SAEOBRE K 2,
TR e EEBRSRRCEE L T2 X525 0
LTH Do /Nl B0 MK Em SR VT - e
T 3O RBEE IS B TR TN B 28, BN T
FUSR/NC b, SRS 2 B IEmAH D, & E
EC —EDHF AR R WS - o, T MR
XL RIEST A L RERoMmE, REOHm, H
PEWV S THROZLTHEHD LIBRTWD, Ll
TR B US4 U B,

CLAUSEN 23R i F U 7 £ o A= R4 1 4 18
B k% &, black-nosed dace (Rhinichthys atro-
nasus, 7 74 O WBINO LW iES, il TF
FCDIED, common shinner (Natripis cornutus, =
AR BHAORD L RWIEOIR N & Al fE
%, darter (Boleosoma nigrum olmstedi, +¥— F DIE)
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W o B B £ A, common sucker (Gastostomus
commersonii) VEFNDEPLOLILBECES, FOOD
NE»DEOHAEME T IHEERE S E A &N 5,

fresh-water killiish (Fundulus diaphinus, * % H®
O WEARBHCHMEIS T &, sun-fish (BEupomotis
gibbosus) WEHBIIEEDO B TH B, EROKEE,

B ETr darter LSO BRRTHEROBEIC T L IED
FOs (BEF A BHE) T, common shinner 143 %k
ETRADKIER2BITILEdH - e T, KD
T# 5 black-nosed dace, common shinner, common
sucker ZMIAKD B TH % killifish, sun-fish & 0 358
BIEZR L7 TNDDRERNDBRRFBEICHTZHD
FOSEE L, RRICARDBEEL T 5 KO#EE ORI
BIEHGIOBIRPFAET S Z L BB TE S BT

Mo lmZ &b, BRI E S BHOESK LT TIX
T 3 DE 5 R OTTE % SEANC AT &/ Lk
NTW 5B,

3. [HEEOHIE

LYON O EFRMERR CRIEBEED RO BLERSIZHE T
N L EWHE IR TS, CLAUSEN b #KAED
e ADELFEERERE B ZT THEWE Sk
W& LTWwb, JONESY 12 Fig. 5 WH BN LB X
D, Yok, BERCOWTRIGEBIBRIEO RBRE T\,
DGR B EEO B RE L o

EERABWE 7 B = A (Esox luscius), b 777 + (Gaste-

Dexion angle supporting
striped backgrounds
|

&) o

Neoprene

Onazote insulation
Woeden tank

Cooling <oils

Fig. 5. Jones’ apparatus used to observe the
reactions of fish to a moving background.
One side of the wooden bath is shown cut
away. (JONEs, 1963)

rosteus aculeatus), +¥—F (Perca fluviatilis), < A
(Salmo  trutta), v — F (Rutilis rutilis), = 3 v
(Clupea harengus), F Y 7% (Osmerus eperlanus),
%45 (Gadus morhua), whiting-pout (G. luscus,
25O/, whiting (G. merlangus? 2 5B D,
FETWA L), armed bulhead (Agonus cataphractus,
I LBO), lesser weaver (Trachinus vipera, 3
w4 3£ RE), Crystal goby (Crystallogobius nilssoni,
NEHDRE), v/ H A (Pleuronectes platessa), <
aXv4 (P limanda), 7/ v % (Solea wvulgaris
QUENSEL), dogfish (Seyllium canicula, # 2% * B D
) TH - o JONES 13 AR HIRIC K% e & 45
NOBUME R KA L TRD Iz, 7 = Aok
B T 0.03cm/sec DBENWCEREL To # 7 7= AR
PWKAEDKELTEDISEIEL, W b o4, v A, 0
~F, N—FODIATH - feo WERIZZDD 7/ V—T1C
Shds £, whiting-pout, #7174, =2 i
KRB 1~2cm/sec DBEIAT Y — IS 7o
MDAV KR 24 cm/sec ETO A7 Y — OBHE)
WIS Uy » Toe £ 7, whiting, whiting-pout &
1B.L./sec (B.L. 13 Body length, cm) X 0B\ Kk
HEOBEA 7 ) — VU THTL A B B 50E bk
(gaining ground) % 1T - 7243, 1~2B.L./sec X b @\
KIRPEDHEI AT ) — e LT, ARELERDLS
A7 Y — BN T (losing ground) W72, =+
KRB 3~4B.L./sec DBEYA 7 ) — e U Tl
WP TR U T2o TAL D O FIE M D[] 05 1 Gt B X ¢
THL SN TnWb, BEFLECIRERE 1~2 / » + (50
~100 cm/sec) DA ETHN, BAKTDH 5~10cm/sec T
Hb. TR ELOMAUERH D VILHEEIC EE U2
BRI R (a fixed visual reference point) % & 275 b
PRI USGREAL T &, KFSED L (BEIC X -
THES 2, —RACIE 1B.L./sec) AIZBTHEL, Kios
HIFVURAETE LR BBBT 5 & L xR T 5,

JoNEs % o [ ¥ 8 kW oFE “Fish Migra-
tion”™™ @ 7r 2» TRHMICIEANTHED, ERoMELT
pout-whiting #i Y FIF T3, Z O (156.5em B.L.)
BKEHRE 3~9cem/sec DBEFIA T Y — o UIEH
T K & 8~l10cm/sec THWTH, A7) —2k
DEL 1.5~1.6 fEOMETH]RS T LA BH, Thi
2~3cm/sec DHHHETIIL /v +/B THB, 20D
HEZ RS L CRIEMIKERD D2 fEX 0 kT
E3HETHDEnD, HEhRBODIHELEL b,

FECHEBERAE LT, MBEBESITLE 754
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8( Direction of current . Direction of current 1
I :
| i
8r [
| |
ok 20_cmssec /J' L ’_,t
10 cm/’sec‘__— - -~ 10 cm/sec
-7 - m
1 - L € 20 cm/sec
1 SO '
RO '
1 !
14 I r 1
1 1
L n i L L J
0 10 20 30 10 20 30

Fig. 6. Orientation at the rheocline. A fish
lying below or above the rheocline could
see particles moving with the relative
velocities indicated alongside the arrows.
(JONES, 1968)

» (theocline, KR B) 2&FET 52, B ixE
FTRECERLE I T4 VOERTHES D, FHOTL
BAKR® 5 WIRESREORERECELSDT, L
774 VEBKERBCERINE L E S, Fig. 61314
7734 VEDTHCWEEBRL D #ELFhD EEOE X
BRES, LAY IS5 VX0 ERARWBEIGEV KD
BEERTWDEZEHRLTNA, L, mhofe s
TN DL RFNRD BB, AR KK
DL BICIR XN 7 HEAR HEE TEB O Fh & K5 e B
TWBEPCRZDHFERTAT I LIS &L TN
bo WRABBREYT T v o+ DX S BN
WHEEE LTEDD & O EEM Y, BOULET (1958)
OERBREZBIHLGHEU QO bo TRIZERE 4~Tmm X
DRI BEA MM 10 cm T 3.4 cm/sec O KFHIC
WENTHERT DL, = FdED THECEEL o
Lal, BEE2mmEeEHT I V7 b rO—HETH 5
daphina OBIEORHMTH D, FEhHAEH VKL
TRCII RIS L e T, 877 v 7 PR R EEE
LCEDHEMTELLED,

JONESIRBEAEZIE, ERCATES, EBDOMA
RFDEBI SIS & U As, T S mh i a3 R
SEESSEWIET A D TH D E Lice Fiz, BLHEE
FSEG &SR FTRFICDNTEEL, KEDOFELK
EnE L, 25, = v OWTEAEBD B BRI K
ENELTWS, —F, URESNSRESST L&
DTEDFIWTHY, ZHST bR cmizfnnFEEIC
B2 5N THMNICEIEL N & B, Bk d
L0, WREBISERE b2 BED=Y ViF,
K L CHRIEERELN -2 ETH B i
MBS & EREOBBZREY FRL T L 5,

4. WHBREOWGE

A B13% H2E (1975); BEHEFLHE

BOEEBENEED D VRMAREORIEREE LT
BB NWEH D8, REMTFEXBETD RO L 57k
DORH 5,

1D BARBEDDWIRKEAMO T T2 EE% HRIR
BT RADOEHORBIAIE, 2) KBEdHD0iZKE
hrefh it L, BEEELS5 2 KR S5 Tk
{AROEHORMMNE, 3) HEXEOIIMIC BERE
B CORRBELEE XY, FRCERTIROE
HEBIORFRMIEIE, 4 BICRYIONT, ans
Y 2T HREOHE, 5) BHTREANIY — R B
SHED, 7~ VOBEEE L ADTE Y BIE ¢ THIE,
6) AHOB XL KFRAFHFME TR, 7 EEik
WO F— 2 F A,

CRBOW, 2) & 3) OFESREESH SO FIHT
BDA, TOFETRECNEOBRAEIND, RE
W73k & LT BRETT et al.'® OWFERE B, Fhid
N=Wy, vu YT OfEfk, GROMAEEL KRS O
BRI OB BOT, BHERHKEELKELRN
LT3, BEFHERIMIER 1.02m OFBHA M
KB OIS X O REICK D X, KD PRk 40
RORBERARHET D L3 - TED, RRADHIE
L CHRERMBO NG v AREOTRE LTS,
FRBE KBS ERL, KEOEEC L - TAEL S
KRBFIEE LTEZ TS,

HEFORWES (Fig. 3) 134 BRETT OB L FHU
BHThD, THICBEOM 1.5~3cm 18, HOKE 4.5~
12cm BOMEERELHY, FVFs, T73¥, 44
TFATY, T4, AVF, AYEF 4, NT EF
DI DN TERZ T, TORN2,3 DA OWT
WHCEE R R L e MEDOBI? 3+ F sicd LT
THo- e, FrF s Bk WHEHFISIZENME
IRTWBED R, KERTRAEE Scm D+ v+ 5T 20
B EEITERB NS E R LD T, ZOBEEZ4
WEGEFE ORI EH T &% T & 034335 720

INOUE and MIYASARAY B H & 754 vy (KE
10 em) 1€ 2D W TR AGHEE & BoREGREA HE L,
IR D AR R O [H#E 31 B 10~45 cm/sec D
P TR R I BRI L, AR R B <
Y, 15 cm/sec T 2 B LB 1E RLEE Tk SR 72,
BRI GERENIZ 100 em/sec B B3, Zhd BAIN-
BRIDGE'™® DOFfFe e —%k9 %, BAINBRIDGE I L 5 &,
BRI O f o BoklE kB EIZ 10 B.L./sec, AR
F I FRC DN T 3~4 B.L./sec, FRLDOHELD
1 2~3B.L./sec THDHELEE D,

(32)
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LS ET 1 m © FRAH O B SR
KD LEEBORIC Y5 AT 2 1 B AN, EEEk
FelE L7, ERAREIHER, 11AKEE, 198
HEHROIFMOT 2T, HREIKERZ205MIC 170m T
BB, LWL 15~30m T, EECHEAL TR L5,
SERRGHEEE 2.3~3.4 cm REO 7 2% 18 em/sec, 3.8~
58cm D7 243 17cm/sec THY, Fih, BEHPES
T % &gk AE 2 B HR AR b,

5. BHNIED O

SHAW?® 1Z i @ BENE D I B\ TR T A
P (parallel orientation) & #HZA#HBIM: (mutual orien-
tation) @ 2 O BHAEAL TWaH Z & EHEL, ¢
FHRMER BB 5 BN AT B L B 7o R4
FHEBEBRIED X 5 BB KIS & 5,
WMEFEMEREOEOH T, BEBEELOESORNE
P, BEABLECESNTNEE LTS, 205H
WEOFFTHEE DWW TE, RO EESIEO ERR
MR EEST T b,

SHAW and TUCKER™ & Fig. 7 O X 5 7EE M
VR EBIRS O EBR A 1T - 7o FW fcfild bar jack
(Caranx ruber, #7147 JE) & bigeye scad (Selar
crumenophthalnus, » 7 V) ThHhBH, MHEA YY) — »[H
TR & Ao [EIER O Mic FEZHOBBYRH D, A7) —
v O EEEROBRIC X A EER DR L, iAo
HIEHFRRA LM A S )~ OEERFHE —HT 5,
W RBERE FOoRORICE > THEERE (moving
field) & B7g L, HERE R & AETERIBRIC B0 5 B E
BSCORE L OBRE KD JQICEH L TENTH 2,
D ARBHAFLEUAOCEH S, FThE¥ET35,
2) BEREOHREAETILE, MOFEEIEDL,
D FRFOMELZRT L BEIETEL DY Hic, #il
BB SO RFECHEFIWD =2~ b 7 A PAEHE I
TNWBTZEmnb, BhilEs&EEL c—Eo 2
VEFANERMORICEZ, T3 Y T A MRERS
BEILTWAHLEERHEDONET L, £LT, ARHAT
R ERCTHDZ e2b, AORBZDOTLREEE LN
AT 22 b5 A MCRIETAOICEL TnD &l
NRTWD,

SHAW and SACHS®™ 13 ¥/ Menida menidia O

¥ I B AV — OBBE AT L HEFEY
P, AU =IO BELIBEVIEL RS T LN
BV, TOZLRBLOTTREMEDEEOME
BECEELTVNDHOTRNT EEHAL Tn
HEEbh s,

prum ——

Fig. 7. Shaw’s optomotor apparatus. (SHAW,
1965)

e (B 5~13.9mm) 2 AWT, MEEERIGRAERE
5mm ORI BB b5 2 L&, BIERC B
BBSEESUS OB E L OMR L BIERT 3 &%
T, ROCK et al® il B &, ERTENDD T >

v — (Poecilia reticulata) W SR CISHILHEFEINT
Wh,

SHAW® R F 5 &Y, N7 7, 4 A+t EC
DNWTREUT A M2fToloe 4 7 FTRUIELIEIEAR
Y AWK ECEBIREC /L - 2o H/37 7O FRAIE
B A VE DA, Shid A o B EE RS A R L
foo 77 EXIIEBORT ETVEREITY, WEKOR
chE DB LTS 2L, BISO B UELRERC
Lo THBDTELEDLTH - o AR X BFISOEE
P OWTHE, ERASEBCANDRI EICL 5T
B ARME A LACRBREL, SS0Rd 7 v+
54— TIEINTRIZA L~ ALRIEERL o &l
NTWb, ok, {EEEOBEEC oW Tk JoNes® i3+
SCIAEP L XA ET A C LR & LA b
b, hEVOFE AT S EREEETEHL O 5,

SHAWIR £ HEPEE & K S EBRSICE T 5
BONDEBOWKR, BNIED R -EORBERE, T/
DHREEBED X 5 I {RRO KA EEEEE, ME
Bl a &7 b3 EIRD RRIEEN A BIS O & Uik,

FRBELOMEOBEIC N L CRIEER ST L
T, *OBECENET HHEEAOKEE, BHhomHli
WEIC Y, FARCBRSEOEEENSE 5 8T
Bashz, FF, EEPRSZIFA 75 BOENRR
MEABATEDL R ELE501E, HhofBedL
CHARTEY & 2BETHH L 2 BE L &, T05
&, WHEERO D OREBEREL 25 0RAHEETH
b, WEERD S HMEOGREHLTHEFECED LS &
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SRR EFHCSER A BECT2EBERO—D2THD,
FRIC B HIT X THEF 58k, B, Ko Eehd e
LTWB T Laftsl i,

. (1970, FFEFE) B2 VFEHAVEEEAKAO
EERTIE, KBCERE 1B ANRLES, 10EOHE
TRWThoMm s ERET 5 BaREfciRate
F - EFEICHEDTI ¥ X L EEY Uk, AMKIC 2 B
ANTCIE SRR X <BREL, 12 FHEE
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ELTH, ThARMEFHRISY RS 5 RRE b0y
STV, LA, SHAWDES L3I 2 Bl
LicZ Ik BA P LADRBBIEL DD,
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16~48 [a] (¢=10.3), FE 3B [METH » 2, Mr 2 B
ANB &, BREEEEENL 42~52[ (0=3.7), SEi 48[A]
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U, B ZEULLTREARA 7Y ~ v oEEERs FH
o TfEE TR T D, 8 BTIRAMAEIZIEID B K
e 20T, 1D UELIT- 720352 lETH - 7,
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BT BEORE IREORREL T, BHOoBRIC
BIDHREOBREZEFL T3, BEERIFEERK
OBETROM D IE L 4 5 ED IR £ 7213k c
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8% 1.5~3.0cm, EXX 0.5~1.0cm THY, HHEA
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6. MEOHE

B, #EBEC g 3 A oTE A SR BB RS D Fo
LT LI, RSB R EBIRIS 2 G 2 A
BT TN D,
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HEIOERC X » TEL A Y —2 T b, Abramis
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WFELT@BEYT®MCOY, chixo—7H50nE
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PAVLOV X Z D L D7 FRR &5 - 22 b, seine net
otter trawl 72 & QMR EOHAHEOBENCERET 5
DT A R EBIEORRTH D5 Lk, £ L
T, BL, ThOOWMBETRGEA LD 2 v b
5 A PAMETHINE, MREREREBERE L RTEED
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— v+ BB LRHE OHENIBERTRES DL
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Fig. 8. Inoue’s apparatus to induce the opto-
motor reaction of fish. (INOUE et al., 1975)

Fhafis KRB AEIT- e (Hhk, 1974, FEL) 28,
WRIEED O RE R, CO¥BEEFIRE L VA
VOREEIEDH AT F4 T UnEDNEERADA 7 A
DL DI ERIC B UAD, MICBEYEZ 5T
CERFENE S TR S ENERINDIEACHA s
£,

BOMG BB SIS MR bRIHTE 25 Th
Do Ak (1975, RFEFE) WY 7 ORB BRI
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FE (1974, FFEE) 13 Fig. 8 OEBAWHIC BN
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7Y — 13 10 4y R #9 5081823 % 28, 5 ik fy 10[a]
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Bbh s,
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JE A Fig. 8 OBE AW T - 2FEB (1975, #*
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Summary
Schedule of visit nography, Academia Sinica
1PM~5PM visit Shantung College of
4~22 N -
(4~2 ovember, 1974) Oceanography and the Ocean Research
Nov. 4 (Monday) Vessel “Dongfanghong”

9amMm JAL 785 Tokyo—Peking
Shanghai)

(via

7PM~9PM
forest”

see a movie ‘“‘Blue pine

6PM arrive Peking Nov. 9 (Saturday)
7:30PM~9:30 PM  China Oceanographic 8 AM~12AM Messrs. M. Nishiwaki, R.
Society held a reception Hirano and N. Ishiwata speech. Others
Nov. 5 (Tuesday) visit Chingtao Aquarium and Chingtao
8 AM~12AM visit Peking Oil Factory Carving Shell Arts Factory
1PM~5PM visit Palace Museum IPM~5pPM visit Chingtao Beer Factory
Nov. 6 (Wednesday) 7TPM~9PM see a movie “China arts
8§ AM~12 AM  visit Great Wall and crafts”
1PM~5PM wvisit Ming Tombs and 10:15pMm  Chingtao—Peking by train
Tiantan Park Nov. 10 (Sunday)
11:15pM Peking—Chingtao by train 2:30PM arrive Peking
Nov. 7 (Thursday) 7TPM~9PM see physical exercise in
2:30pPM arrive Chingtao Peking Worker’s Gymnasium
6 PM~8PM  Chingtao  Revolutionary Nov. 11 (Monday)
Committee held a reception 12:45pM  Peking—Liita by plane
Nov. 8 (Friday) 3:45PM arrive Liita

8 AM~12 AM visit Institute of Ocea-

(3835

7TPM~9pPM Liita Revolutionary Com-
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Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

5 A H13% H28 (1975);

mittee held a reception

12 (Tuesday)

8 AM~12 AM visit Talien Bay and Liita
Fisheries Company

IpM~2prM  visit Liita
shops

3:06PM Liita—Tienching by train

13 (Wednesday)

8:11 AM arrive Tienching

10 AM~4pPM visit Takiang Oil Field

6prPM~8pPM  Tienching Revolutionary
Committee held a reception

8:45pM Tienching—Peking by train

10:45pPM arrive Peking

14 (Thursday)

8 AM~12 AM free

1pPM~5PM Messrs. T. Sasaki, H.
Matsuishi and M. Yamamoto speech.
Others visit Peking Zoo.

6pPM~8prM China Japan
Society held a reception.

15 (Friday)

8 AM~12AM Messrs. J. Nozu and M.
Nakagawa speech. Others visit Peking
Carpet Factory.

1rM~5PM free

6PM~9PM Japan Oceanography, Fish-
eries, Ocean Development visiting party
held a reception.

16 (Saturday)

8AM~11AM {ree

3:20pM  Peking—Wuhan by plane

8:10PM arrive Wuhan

9:30PM~11PM Hupei Province Scien-
tific Technique Association held a
reception

17 (Sunday)

8 AM~12 AM visit Hupei Province Fresh
Water Biological Laboratory

1PM~5PM Messrs. M. Nishiwaki, M.
Nomura and K. Kondo speech. Others

visit Yangtze Big Bridge and East Lake
Museum.

7 PM~9 PM
red star”
18 (Monday)
8AM~12PM Messrs. M. Nishiwaki, R.
Hirano, M. Nomura, N. Ishiwata and
K. Kondo talk with Chinese staff.

Others visit Wuhan Iron Company.

underground

Friendship

see a movie “Twinkling

Nov.

Nov.

Noyv.

Nov.

SRING2 e S

1PM~5PM visit Wuhan Fresh Water
Fisheries Cooperative

7TPM~9pPM  see Wuhan Red Little
Soldier’s singing and dancing

19 (Tuesday)

8:30 AM Wuhan—Shanghai by plane

10:20 AM  arrive Shanghai

1pM~5PM Shanghai
Company

20 (Wednesday)

8 AM~12AM Messrs. M. Nomura, N.
Ishiwata and K. Kondo speech. Others
visit Shanghai Industory Exhibition.

1pM~5PM  wvisit Chingpu Prefecture
Fresh Water Fishfarm

7PM~9PM see Shanghai Drama

21 (Thursday)

8AM~12AM  Messrs. T. Sasaki, R.
Hirano, M. Nomura, N. Ishiwata, K.
Kondo, J. Nozu and M. Oikawa visit
Shanghai Fisheries Laboratory. Messrs.
M. Nishiwaki, H. Matsuishi and M.
Nakagawa visit Shanghai Natural
Museum. Messrs. A. Totoki, M.
Yamamoto and K. Hirano visit Shang-
hai Tienshan Worker’s Apartments.

1pPM~5PM Messrs. R. Hirano, M. No-
mura, N. Ishiwata and K. Kondo talk
with Chinese staff. Others visit ocean
research vessel ‘‘Shijian”

7PM~9PM  Shanghai Revolutionary
Committee held a reception

22 (Friday)

10:55 AM  CA 923 Shanghai—Tokyo by
plane

2:30pM  arrive Tokyo

visit Fisheries

Places of visit

Institute of Oceanography, Academia Sinica

It is located in the city Chingtao, Shantung
Province.

This institute is for research into all aspects
of ocean development and the utilization of

marine resources.

Before People’s Republic of

China was formed, Oceanography was far be-
hind other countries, but after its foundation
the government attached importance to the

study of Oceanography

and then created

Chingtao Marine Biological Laboratory in 1950,
(54)



BAYRREY: « KEESE « WP BAR ST A R s 5 107

the predecessor of the Institute of Oceanog-
raphy, Academia Sinica (1959).

In this institute there are 6 research labora-
tories: Marine Physics, Marine Instrumen-
tation, Marine Chemistry, Marine Zoology,
Marine Botany and Marine Experimental Zoo-
logy. This institute has 500 research workers,
4 ocean research vessels with a crew of 100
men, and a factory with 50 workers.

Biological and geological research of the seas
near China are carried on, so that a lot of
specimens and reference materials are kept
here, for example, 280,000 specimens from the
area Yalu River to Hainan Tao and some of
them are placed on exhibition in the specimen
rooms.

Nori, kelp and prawn culture techniques have
been established.

Shantung College of Oceanography

It is located in the city Chingtao.

This is a training school for marine scientific
technicians. In 1949 Shantung University,
Department of Oceanography was established,
which is the predecessor of Shantung College
of Oceanography.

Five departments: Marine Physics, Marine
Hydrography and Marine Meteorology, Marine
Chemistry, Marine Biology, and Marine Geology.

Educational facilities: 1 factory, 2 culture
farms, and 1 ocean research vessel (Dongfang-
hong, 2,500 ton).

Liita Fisheries Company

It is in the city Liita, Liaoning Province.

This company was established in 1961. In
1965 it began production.

Four departments: a fishing industry cooper-
ative, a refrigeration and processing factory, a
fishing net manufacture, and a repair yard for
the ships.

This company has 150 fishing boats and 2
refrigeration boats. They go to Po Hai, Yellow
Sea, East China Sea to catch hairtail, flounder,
white croaker and prawn.

Hupei Province Fresh Water Bislogical
Laboratory

It is in the city Wuhan, Hupei Province.

This laboratory is mainly for the all-round
study of fresh water fish, seaweeds and prob-
lems of water pollution.

This laboratory is divided into 5 research

sections: the study of Ichthyology, the study
of fish heredity, the study of fish diseases, the
study of increasing fish production in lakes and
dams, and the study of seaweeds. The labora-
tory has a staff of 300.

Already the problems concerning 10 kinds of
parasitic diseases have been solved and recently
they have found a medicine for the disease of
“Caoyu” (Ctenopharyngodon idellus) spoiling
the gills of a fish.

For the improvement of the fish culture
techniques they are concentrating on the pre-
vention of fish diseases. They follow 4 rules
of cleanliness: clean fish, clean fishpond, clean
feed and clean tools. And 4 rules for feeding:
fixed quality, fixed quantity, fixed time and
fixed situation.

Efforts were finally rewarded when they suc-
ceeded in breeding ‘“Tuantoufang” (Megalo-
brama amblycephala) in captivity. This fish
is easy to breed, grows quickly, is very strong,
and tastes good. In nature, it also shows good
natural increase.

Wuhan Fresh Water Fisheries Cooperative

It 1s in the suburbs of the city Wuhan, Hupei
Province.

The lake has an area of 3,250 mu (Il mu is
about 6.6-are). The fish cultures are ‘“Caoyu’,
“Lianyu”  (Hypophthalmichthys  molitriz),
“Yongyu’’ (Aristichthys nobilis) and “Qingyu’
(Mylopharyngodon piceus). They have im-
proved the lake, built a dike. There also have
farms and milk factories. Production has in-
creased 51 9 in 10 years. One of the reasons

is that the excrements of the cattle were poured
into the lake.

Shanghai Fisheries Company

It is in the city Shanghai.

It is a ship repair and ship building company
and a fisheries company. Now they manufacture
10 times and catch 130 times more than before.

Chingpu Prefecture Fresh Water Fishfarm

It is in the suburbs of Shanghai.

The lake area is 508 mu. They are feeding
about 1,500 adult “Caoyu’’, “Lianyu’’, “Yong-
yu’ and “Qingyu’’. They are producing 2
billion eggs a year. They are planning to
culture soft-shelled turtle, crab, prawn and eel.

Shanghai Fisheries Laboratory

It is in the city Shanghai.
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This laboratory covers the whole field of
fisheries science including fisheries resources,
fishing techniques, fish culture and processing.
It was established in 1958.

This laboratory is divided into 5 departments:
Fisheries Biology, Fishing Technology, Fish
Culture, Fisheries Processing, and Ichthyology.
A staff of 210 are working in this laboratory.

Ocean research vessel ‘“Shijian’

The vessel ‘“‘Shijian’’® belong to a Depart-
ment of Ocean East Sea Branch. The vessel
was built in 1967 as the first ocean research
vessel, length 95m, width 14 m, 3,000 ton.

There are 12 laboratories: Marine Physics,
Marine Chemistry, Marine Meteorology, Marine
Optics, Marine Microbiology, Marine Geology,
etc.
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