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La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 5, N° 4, Novembre 1967

Summer Distribution of Patch of Euphausia superba
in the Antarctic*

Keijiro Ozawa** and Kaname SATO***

Résumé: Au cours des 2¢, 3¢ et 4¢ expéditions du vaisseau-école Umitaka-Maru de
I’Université de Péche de Tokyo dans 1’océan Antarctique, nous avons fait des observations
visuelles des taches d’Euphausia superba qui se distinguent par le changement de couleur de
la surface de mer d& aux bancs d’Euphausia superba dans la couche superficielle. Les taches
se trouvent au sud de 60°S. Elles sont les plus abondantes 4 la mer Scotia, moins abondantes
au secteur indien de ’océan Antarctique et peu abondantes & son secteur pacifique. La rela-
tion entre la distribution de ces taches et celle d’autres étres vivants est étudiée.

1. Introduction

On cruising along the pack edge, we en-
counter frequently discoloured water which is
composed of mass grouping krill, mainly
Euphausia superba.

The discoloured water occurring in the Ant-
arctic is usually called as ““patch of krill”” or
““patch”’, changing the water surface to reddish
brown or brown and sometimes ruffling the
smooth surface with swimming ripples.

The patch appears south of the Antarctic
convergence, frequented south of the 60th
parallel as far as pack-ice, particularly close
to the edge as well as in open water among
the pack-ice. The patch occurs in usual in the
daylight hours except for 3 hours both before
and after the noon, increasing in quantities
towards the midnight and after then decreasing,
however, we can not see during darkness.

Concering the pelagic food of Antarctic ver-
tebrates, krill is outstanding in the Antarctic
and it feeds directly on the plants; diatoms.
Krill abound in the surface water during the
summer, when they are the staple food of the
whalebone whales. The most aboundant seal,
the Crabeater seal, Loboden carcinophagus
makes great use of krill, the same situation is
given for birds particularly the Penguins. At
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times, certain of bathypelagic fishes eat krill
(MARSHALL, 1965).

Fortunately, we had opportunities to make
almost circumpolar navigation four times in
total since 1955. This paper deals with the
distribution of the patch of krill which were
observed during the Antarctic cruises carried
out by Umitaka Maru of Tokyo University of
Fisheries; the data based on this paper are
derived from that obtained during three cruises
in the summer seasons; December~February
of 1961-°62, 1964-'65 and 1966-'67.

Of the distribution of the patch, we found
some variations of the abundance relative to
the szctors of the Antarctic. First we give the
general distribution which was obtained de-
pending on the observation during the 4th
cruise, and some considerations relating to the
distributions of seal, Minke whale and the
breeding grounds of sea-birds including the
Penguins are treated.

2. Distribution of patch

As stated previously, Umitaka Maru cruised
in the Antarctic as far as the pack-ice four
times in total, but the last three cruises carried
out the continuous observations. The obser-
vations were maintained by the whale observers
during the daylight hours whenever the ship
was underway but the very worst weather
conditions, they kept the watch not only on
whales but also on birds and discoloured waters
(patch), recording the objects in the Log Sheet.
On a patch being sighted, its position together
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228 La mer, Tome 5, N° 4 (1967)

with the time, their size estimated and the pre-
sence of pack-ice, icebergs, a measurement of
the solar radiation obtained by using a portable
lux-meter, together with the surface tempera-
ture recorded.

The patches form generally a streaming belt,
or are egg-shaped, the biggest one observed
was as large as 200 meters long and 50 meters
wide. Estimation of the size of the patches
observed between December 10 and 17, 1964
off Adelie Coast with mean measurements and

standard variations is:
length
22.78m=+10.01m

width

16.25m=+4.54m

The patches occurred in 44.8% of total ob-
served numbers appeared during the period
showing the solar radiation between 3,162~

10,000 lux, showing 57 % in the respect of
patches areas.

The following is 30.5% in the numbers and
26.2 % on the areas, when lux-meter showed
between 1,000~3,162 lux.

Conclusively, most of patch occurred during
the time when 1,000~10,000 lux in radiation;
75.3 % in numbers and 83.3% in the areas.
In other words, it is estimated that the avail-
able time to find out the patches ranges gen-
erally between 0330 and 0800 in the morning
and from 1600 to 2030 in the afternoon.

Fig. 1 shows the distribution and abundance
of the patches. In the figure the quantitative
patterns show the sum of observed size of the
patches in unit of (lengthXwidth)/100m? in
sequence of A.M. and P.M. (Table 1).

Table 1. Occurrences of patches of krill.
0°—90°E
A N Sea temp. Pack-
Date & Time Position >la-n/100 m? >in Om °C ice
Dec. 17, 1961 A.M. 62°28'S, 66°07E 0.5 1 -0.7 *
P.M. 62°22'S, 65°27E 2.0 1 —1.0 *
18 P.M. 61°59'S, 58°32'E 9.0 2 —0.3 *
19 AM. 62°02'S, 54°48'E 3.0 1 —0.6
P.M. 62°29'S, 52°36'E 112.5 4 —0.3
20 A.M. 63°15'S, 48°33'E 2.0 1 —0.1
P.M. 63°40'S, 46°17E 28.5 2 —0.5 *
21 P.M. 64°47'S, 39°08'E 70.0 30 —0.1 *
22 A M. 65°04'S, 35°38'E 242.8 49 —0.8 *
P.M. 64°30'S, 33°11'E 2.0 1 —1.5 *
24 P.M. 63°21'S, 32°29'E 16.0 2 —1.3 *
25 A.M. 61°20'S, 33°55'E 9.0 3 —0.9
26 AM. 59°29'S, 20°02'E 40.0 9 —0.3
P.M. 59°44’S, 26°41'E 78.3 52 —0.3
28 A.M. 58°33'S, 18°47'E 4.0 2 ~1.1 *
Jan. 25, 1967 P.M. 61°21'S, 28°27TE 30.5 15 1.1
28 A M. 58°18'S, 41°36'E 4.5 1 1.3
90° —180°E
Dec. 10, 1964 A.M. 63°54'S, 132°12’E 139.0 3 —1.2
11 P.M. 63°39'S, 133°51'E 110.0 14 —0.4
13 A.M. 62°50'S, 137°40'E 19.0 3 —0.1
P.M. 63°38'S, 139°47'E 255.0 92 —0.1
14 AM. 63°34'S, 143°24'E 30.0 14 —0.6
P.M. 64°59'S,  144°29E 27.0 2 —0.6 *
15 AM. 64°29'S, 147°14E 152.0 27 —0.6 *
P.M. 64°55'S, 150°13'E 86.0 19 —1.0 *
16 A.M. 63°56'S, 149°28'E 216.8 40 —1.3
P.M. 62°50'S, 147°00E 40.5 26 0.3
17 AM. 61°57'S,  144°53'E . . 12.0 2 0.0
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Summer Distribution of Patch of Euphausia superba in the Antarctic 229
A N Sea temp. Pack-
Date & Time Position >1a 7n/100 m? Sin Om °C ice
P.M. 61°14'S, 144°24'E 8.0 1 1.3
Jan. 18, 1965 P.M. 67°19’S, 179°48'E 1.0 1 0.7
20 A.M. 68°00'S, 179°49'E 57.3 24 0.3
(Scott Island Bank)
21 AM. 67°13'S, 177°45'E 8.0 3 0.5
P.M. 66°20'S, 172°25'E 67.5 40 1.0
22 AM. 65,47'S, 168°52'E 8.0 4 0.2
25 P.M. 65°23'S, 161°17E 38.0 15 0.1
. ) (NW of the Balleny Is.)
‘Feb. 1 P.M. 65°05'S, 150°40'E 5.0 2 0.9 *
180°—90°W
Jan. 11, 1965 P.M. 65°07'S,  152°08'W 5.0 2 0.0
12 A M. 66°27'S,  149°42'W 1.0 1 —0.1
P.M. 67°17'S,  150°27W 14.0 2 0.1
16 A M. 66°19’S,  168°18'W 460.0 95 0.4
P.M. 65°32'S,  170°09'W 265.0 36 0.6
17 A M. 66°02'S,  173°29W 16.0 13 0.5
18 A.M. 66°55'S,  177°45W 12.5 5 0.1
(Scott Island)
Nov. 29, 1966 65°10'S, 141°18W  without patch along the pack edge
90°W —0°
Jan. 12, 1962 P.M. 54°10°S, 36°07W 300.0 1 2.0
(South Georgia)
15 P.M. 57°12'S, 31°58'W 35.0 7 1.8
16 A.M. 58°47’S, 29°24'W 46.0 7 1.0
P.M. 59°21'S, 19°50'W 16.0 3 0.2
21 A M. 59°30'S, 01°38'W 6.0 3 —0.6
Dec. 18, 1966 A.M. 63°36'S, 64°03'W 8.5 4 0.4
(South Shetland Is.)
19 P.M. 62°51’S, 61°03'W 52.0 14 0.7
(Deception Island)
Jan. 14, 1964 P.M. South Georgia 48.0 5 2.1
16 P.M. 58°07'S, 27°48'W 0.3 1 0.7
17 P.M. 59°39'S, 22°37W 136.6 64 0.6
(South Sandwich Is.)
18 A.M. 60°15'S, 20°18'W 88.0 106 —0.1
P.M. 61°11’S, 16°31'W 89.5 121 0.3
19 P.M. 62°28’S, 10°09'W 14.5 8 0.5
20 P.M. 63°10'S, 04°10'W 250.0 2 0.9
21 AM. 63°21'S, 00°24'W 3.5 2 0.7

A unit of quantitative pattern

N

Table 1

observed area at occurrence shown in

n numbers of the patches showing similar

size

_2an
A= 100 m?

during the 4th cruise is given, some com-
parisons of the occurrences in relation to the
sectors of the Antarctic are added.

Observation note of the patches obtained

(]

““Leaving Wellington on November 17, 1966, the
route was south-east via the Bounty Islands to the
edge of the pack-ice in 65°34’S, 139°38'W, reached
on November 30, which was the farthest south in the
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Fig. 1. Map showing the quantitative distribution
of patches.

Pacific sector, and then engaging in various work
for the following four days with proceeding east-
wards along the pack edge, the biological specimen
obtained showed abundance of Salpa and scarcity
of diatoms in the surface layer. Both no discoloured
waters and no krills leaping on ice turned over by
the ship’s strikes were seen.

Chinstrap penguins, Pygoscelis antarctica gathered
around the ship stopping, they seemed to be moving
westwards to feed on krill in the more western
waters where abundance of the krill could be ex-
pected.

The Chinstraps breed on the South Shetland, South
Orkney and South Sandwich Islands, the birds oc-
cured in the present region seemed to be non-breeders
seeking for prey. The water having without patch
gave us some considerations such as; the season of
early December and the oceanic conditions are too
early to introduce production of diatoms and accord-
ingly the krill. However, comparisions between this
waters and the waters off Adelie Coast, where
Umitaka Maru was in mid-December, 1964, the
latter case brought the patches in large quantities.
Conclusively, it was considered that production of
the krill showed smaller in the Pacific sector than
elsewhere.

We turned north-east, sailing to approximately
55°S, 110°W on December 8 and then east roughly
along the parallel of 55°S, 90°W on December 12.

From this position we streamed south-east to

approximately 65°30’S, 70°58'W on December 16,
where we again .reached the edge of the pack-ice
about 55 miles north-west of Adelaide Island. We
then turned northwards along the western edge of
the pack-ice off the Antarctic Peninsula. On these
tracks no patches were sighted. On December 17,
the ship took a short stop west of Victor Hugo Island
and Biscoe Islands, in these waters there was an
expectable indication of occurrence of the krill;
that was reddish excrement spotted on icebergs or
bergy bits. on which Chinstraps stood in larger
numbers.

The first patch appeard during the cruise in the
Pacific sector was recorded around the South Shet-
Lind Islands, at approximately 64°S, 64°W.

Reaching Deception Island, on December 19 and
then cruised eastwards through Bransfield Strait to
the eastern end of King George Island turned west-
wards along the northern side of the South Shetlands
to approximately 61°30’S, 60°W on December 20.
The patches frequented as far northward as the
northern end of the Islands, particularly in the coastal
waters.

We truned north for La Plata estuary, keeping
close to this meridian and passing west of the Falk-
land Islands on December 24, arriving at Buenos
Aires on December 29.

We left Buenos Aires on January 3, 1967, arriving
at Mar del Plata on the 4th, sailing again on the
second half of the cruise on the 6th for South
Georgia. Off the eastern coast of Argentina, dis-
coloured waters which seemed composing of Munida,
Amphipoda and smaller Euphausia were in sight as
well as on the way northward along the outer edge
of the Patagonian Shelf in late-December. On the
evening of the 9th, larval not obtained Amphipoda
in large quantities from the surface water, showing
the temperature of a level of 6°C. The Antarctic
convergence was observed on the afternoon. The
following day had some patches. Early on the
morning of the 11th, the ship reached west of Willis
Island lying at the north-west tip of South Georgia.
The ship proceeded southwards along the coast and
made a round trip around the southern tip of the
Island. In the eastern waters of the Island, there
were patches in large numbers particulary at sea
between the main Island and Clerke Rocks lying on
the namely South Georgia Bank; a ride extending
eastwards to the Rocks from the south-eastern tip
of the Island.

We took a short stay at King Edward Cove, a
fjord lying on the north-east coast, between January
12-14.

Some small patches occurred sometimes in the
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Cove, and also krill were seen swimming around
the Government jetty with pillers being over-grown
with seaweeds; kelp.

On the evening of the 14th, the patches were
found in large quantities on the South Georgia Bank.
Samples caught by the larval net contained larvae of
the Notothenia sp., the larvae seemed to become a
prey of the preditors. For following three days, we
cruised in the eastern Scotia Sea until cleared the
South Sandwich Islands on the 17th.

In these waters, the largest numbers of icebergs
and bergy bits were encountered, as many as about
150 bergs within 15 miles in radius, showing that
the sea has been recently opened from ice field.
The patches were also abundant in numbers.

After passing the South Sandwich Islands at the
south of Montagu Island in a direction of E.S.E. to
a spot, 65°S, 08°E, January 22 was located at the
sourthernmost position (65°18’S, 08°20'E) during
the second half of this cruise.

The closer to the Islands, the more frequently the
occurrences of the patches were observed. On the
evening of the 17th, a newly designed net to catch
krill, (Umitaka Euphausia Net -UEN-) having ap-
proximately 20 meters in width at the mouth and
60 meters long in whole was towed for about 30
minutes, as the results obtaining a catch of 103 kg
of krill.

Antarctic petrel, Thalassoica antarctica and Chin-
strap penguins feeding on the patch were seen around

the ship.

The numbers of the patches decreased in- numbers
in the eastern region, the day of the 19th recorded
only one patch at all. On both 20th and 21st the
surface temperature showed above zero (a level of
40°) although the ship reached south of the 64th
parallel. At noon of January 22, as mentioned pre-
viously, the ship was at 65°18.5’S, 08°20'E, where
persistent strong easterly winds prevented our struggle
to approach to the Syowa Station and compelled
alternating ship’s course to 60° in true.

On January 26, the ship was positioned north of
the 60th parallel, where the echograph recorded a
dense layer of krill and Salpa (Fig. 2). The under-
water school of krill ranged as deep as approximately-
40 meters from the surface, below which the reflec~
tion from Salpa recorded, these were identified by
the species on the catches by means of ‘‘Umitaka
Euphausia Square Net -UESN-"’.

On the way bounded for Kerguelen Island, Salpa
occupied a larger part of the catches by the larval
net. On February 1 and 2, a westerly gale and heavy
seas prevented our approach to the Kerguelen and
we had to abondon the visit to the Island and turned
south-eastward for Heard Island where we arrived
on February 3. A course then set for Fremantle,
arriving on February 15, 1967.”’

During the 2nd Antarctic cruise, the ship

Fig. 2. Photo showing a part of echogram, indicating shool of krill.
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sailed westwards along the pack edge extending
off Enderby Land-of the Continent, and then
patches abounded. When the ship entered the
closed pack choking north-east of Cook Penin-
sula, the patches in open ‘waters as well as
krills leaping on ice which turned over by the
ship’s collision were sighted. At that time, the
pack-ice extended seawards as far as the parallel
of 60°S, accordingly we had to make a detour
track. The surface temperature showed a level
of —0° in the eastern Scotia Sea in mid-
January, 1962, the vicinity of the South Sand-
wich Islands and the waters along roughly the
60th parallel showed also below zero.

3. Abundance relative by the sectors

A summarized results of the observations
mentioned in the above paragraph is generally
given as follows:

N° 4 (1967)
Quantities
Sectors : of patches
observed :
Pacific sector; 150°W—75°W scarce
Antarctic Peninsula—South
Sandwich Islands; abundant
75°W—20°W
Atlantic sector; 20°W—20°E common
Indian Ocean sector; 20°E—110°E common
South of Australia; 110°E—170°E common
North of the Ross Sea; 170°E—150°W  common

In conclusion, the most abundant occurrence
was found in the waters west of the Antarctic
Peninsula including the outlying islands on the
west and the Scotia Sea as well as the eastern
waters of the South Sandwich Islands, while
the westerly adjoining sector as far westward
as the eastern part of the Ross Sea pre-

sented scarcity of the patches. In this region,
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Fig. 3. Map showing the quantitative distribution Euphausia superba over 20mm in the body length,

January-March (after J. W. S. MARR, 1956)
(6
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northerly extension ranging usually 5°-6° in

latitude of the ice field surrounded the
Continent, presenting the wider ice field than
elsewhere.

Relation to the distribution of
Euphausia superba sampled

4. (D

Fig. 3 shows the quantitative distribution of
Euphausia superba sampled by the 1 meter
diameter net between January and March
(MARR, 1955).

The distributional patterns shown in Fig. 3
indicate that the larger quantities of Euphausia
superba distribute in the West winds drifting
waters, particularly in the mixing water masses
driven by the coastal east and west winds in
the north of the Weddell Sea. The easterly
drift around the Antarctic Peninsula transports
some amounts of krill westwards as far as the
meridian of 20°W. Dense populations appear
between 30°E-60°E, 90°E-120°E as well as
northerly and north-westerly seas of the Ross
Sea.

The patterns show that there is similar
abundance to that of the patches which we
observed as shown in Fig. 1.

Of the results of the plankton samples carried
out by means of larval net during the 4th
cruise of Umitaka Maru, (HATTORI et al.,
1967), they summarized the comparisons of
occurrences of the major species caught; the
species are FEuphausia, Amphipods and Salpa.
A total of 54 stations occupied during the
Two nets were
towed together, the 2.7 meters square net from
the ship’s stern and made oblique haul (0 m-
240 m-0m) and the 1.35 meters diameter round
net along the surface at a position of about 3
meters apart from the ship’s starboard side.
The hauls were carried out usually for 30
minutes and started approximately 30 minutes
after sunset; the towing speed was kept ap-
proximately 3 knots.

The dominant species of the catch were
Parathemisto gradichandi of Amphipod family,
Thaliacea of Salpa and Euphausia superba and
lantern fish, Myctophida which ranged widely.
Salpa was caught 57.7 kg in total at 11 stations,
the followings were Amphipoda, 5.5kg at 3

cruise, in the Southern Ocean.

stations and Euphausia approximately 4kg at 3
stations.

The distribution and ecological characters of
Salpa, Amphipoda and Euphausia observed were
summarized as shown below (HATTORI et al.,
1967):

Salpa Amphipoda Euphausia
Vertical surface and  surface surface and
intermediate intermediate
layer layer
Swimming weak medium strong
power
Feeding herbivorous  canivorous herbivorous
habit (diatom) (Salpa, (diatom)
larval fish,
larva of
Euphausia)
Distribution :
Pacific common common rare
sector
Atlantic  rare moderate  common
sector
Indian common moderate common
sector

(2) Relation to the distribution of Crabeater
seal, Lobodon carcinophagus

Crabeater szals are known that this species
has the biggest population (2,000,000-5,000,000
individuals) among the seals of the Antarctic,
elseones are Ross seal, Ommatophoca rossi
(20,000-50,000), Leopard szal, FHydurga lep-
tonyzx (100,000-300,000), Weddell seal, Leprony-
chotes weddellii (200,000-500,000) and Elephant
seal, Mirounga leonina (280,000-660,000).

The Crabeaters is essentially confined to the
drifting pack-ice.

Usually the northward distributional limit is
accordance with that of the pack-ice and this
species is found in summer in open waters in
the farther south.

The Crabeaters feed not only on crabs but
almost exclusively on krill and have evolved re-
markable series of 4~ or 5-cusped teeth which
are unique among mammals. They serve as a
suitable filtering device to strain off the krill.
(Fig. 4)

This food habit results in the excreta of this
species being pinkish or reddish, which was seen
sometimes on drifting ice floe. ‘

The krill is possible to keep the huge pupula-
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234 La mer, Tome 5, N° 4 (1967)

Fig. 4. Teeth of Crabeater. (after NISHIWAKI)

tion of the Crabeaters having unique character-
istics as krill-eater in biological respect.

(3) Relation to the Distribution of Minke
Whale, Balaenoptera acutorostrata

It is well-known that browsing adult krill
abound in the surface waters during the summer,
when they are the exclusive food of the whale-
bone whales.

In this paper, we deal with the distribution
of Minke, with the quantitative patterns indicat-
ing the numbers of individuals recorded during
the observation periods in sequences of A.M.
and P.M. while the observations were carried
out on three cruises in the Antarctic.

In the summer season, Minke is usually found
in the southern seas of the Antarctic. The
distribution shows identical to that of the patches
in the respect of the quantitative occurrence as
shown in Figs. 1 and 5.

As mentioned previously, some Minkes were
found in open waters among the pack-ice being
more than 60 miles far from the sea.

Conclusively, they are found mainly in the
waters close to the pack-ice, where the patches
frequent.

(4) Relation to the breeding grounds of birds

. Abundance of sea-birds in relation to the

30°W

90°

120°

Ou/

150°W 180° 150°E

Fig. 5. Map showing the quantitative distribution
of Minke whale.

occurrence of the patch was reported (OzAwA
et al., 1965). The domminent species congregate
on or around patch are Light-mantled sooty
albatross, Phoebetria palapebrata, Cape pigeon,
Daption, Capensis capensis, Antarctic petrel,
Thalassoica antarctica, Snow petrel, Pagodroma
nivea and so; of coursz, swimming birds,
Emperor penguin, Aptenodytes forsteri, Adelie
penguin, Pygoscelis adelie and Chinstrap pen-
guin, DPygoscelis antarctica are no doubt to
depend on krill.

Fig. 6 shows the locations of the Antarctic
breeders excluding the Penguins, and Fig. 7,
that of the breeding grounds of Adelie penguin.

The known breeding grounds are located
apparently between 0° eastwards to 180°, which
are confined in the sectors surrounded by
abundance of the krill in their breeding season.

Emperor and Adelie penguins are dwellers of
ice floating seas, their breeding grounds gener-
ally occupy on the Continent or Ice Shelf. The
rich and dependable seasonal food supply ulti-
mately decide the grounds.

As CARRICK stated (CARRICK et al., 1967),
apart from the fact that pack-ice is the only
Continental landfall available.. Breeding space
is superabundant at all Emperor penguin sites,

¢ 8)
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30°W 0 30°E

90°

KE Y/ I
Antarctic petrel
Cape pigeon *
Silver gray fulmar
Giant petrel

120°"

McCormick’s skua
Show petrel
Wilson’s storm petre!

EOXR DTO>

T50°W 80° TS0
Fig. 6. Map showing the known breeding grounds
of the Antarctic breeder.

30°W

T50W BED T50°E
Fig. 7. Map showing the known breeding grounds
of Adelie penguin.

but the known colonies are distributed around
the Continent in a manner that would enable
the estimated total of over 250,000 birds to
make the most effective use of their fishing-
grounds.

The enormous colonies of Adelie penguins
are similarly distributed, but this Euphausia
eating spscies can rear its young in the short
summer and requires exposad rocky grounds
sheltered from wind and snow, with stones to
raise the eggs and chicks above ground level,
to prevent burial during storms or flooding
during thaws for placing stones for ensuring
drainage of snow-melt and keeps the egg and
chick dry.

Their nest would be well-sheltered, flat and
stones for making the nest particularly for the
Adelie penguin, as well as the places being not
far from open sea where they could take
Euphausia when the egg hatched and during
the incubating periods.

In the Pacific sector except the vicinity of the
Antarctic Peninsula, the known nesting grounds
are few, it is considered depending on scanty
of food at sea and the Continental shore lies
too far from the sea to come out and to return
to their nest-sites where chick waiting for
parent.

Of the distribution of the Chinstraps, SLADEN
(1962) and Ozawa (1967) suggested increase
of the numbers and extension of its circum-
polar range.

SLADEN advanced his hypothesis that the
reduction of the whalebone whale introduced
increase of the population of 300,000,000 pen-
guins every year through the common food
supply.

It is agreeable what CARRICK stated (1967):
¢ Observations on feeding behaviour and foraging
ranges, which are little known, and specific
regional data on food taken, especially fed to
the young, are needed. A good deal of in-
formation exists, in records and collections,
that is not readily available at present, and it
would seem well worth before proceeding with
the much-needed task of surveying the plankton,
nekton and other foods that sustain Antarctic
sea-birds.”

There is no sufficient evidence at present
proving to ensure the increase of Euphausia in
respect based on the quantitative observations
of the krill and the patches.

9
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(5) Summary

D

2)

3)

1)

The quantitative distribution of the patches
composed of mass grouping krill, Euphausia
in the austral summer in the Antarctic is
dealed with. The materials used were
derived from the data obtained by Umitaka
Maru, three cruises in total; 1960-61,
1964-'65 and 1966-'67.

The patches frequented in the waters west
of the Antarctic Peninsula as far eastwards
as the east of the South Sandwich Islands
including the Scotia Sea. Whereas the
poorer occurrence was observed in the
Pacific-Antarctic sactor except the area
mentioned above.

Abundance of the patches showed an iden-
tical result to that of Euphausia superba
sampled by the net (MARR, 1956) and
reported during the 4th Antarctic cruise of
Umitaka Maru.

Additionally, the quantitative distribution
of the patch seem to be in accordance with

HEREREIZBI BTy 3274 F7 3,
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affect the distributions of Crabeater
seal, Minke and breeding grounds of Ant-
arctic sea-birds.

and
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Observation on the Swimming Speed of Fish in an
Annular Trough—I*

Effect of Visual Screen on Goldfish

Makoto INOUE**

Résumé: Les poissons suivent le mouvement rotatoire d’une bande & raies installée dans
un bassin circulaire. La célérité de nage augmente avec le mouvement de la bande, ce qui
pourrait permettre de la mesurer. L’auteur essaie, par ce principe, une mesure de la célérité
du poisson rouge. La nage ne dépznd pas exclusivement de la stimulation visuelle. Son
mouvement change avec la variation de la largeur de la bande, de ’espace des raies et de la

température de 1’eau.
peut changer.

1. Introduction

There are some observations on the swimming
speed of fish in a circular trough, for instance,
by REGNARD for carp Cyprinus caripio, bleak
Alburnus alburnus and chub Squalius cephalus,
which are quoted in the papsr of BAINBRIDGE
(1958), FrRy and HART (1958) for goldfish
Carassius auratus, and BRETT, HOLLANDS and
ALDERDICE (1958) for sockey salmon Oncor-
hynchus nerka and coho salmon O. kisuich. In
the apparatus of REGNARD, the trough was
rotated until the swimming fish could only just
keep station, and then recorded this as the
maximum swimming speed. The ideas of
other apparatuses were similar to the Regnard’s,
and in addation a fixed sematic mark was
In the
Fry and Hart’s apparatus, a light table lamp
which was placed at the eye levels of fish and
further a thermometer suspended in the water
of the trough, and in the apparatus of BRETT
et al. a fixed visual screen of black stripes on
a white background were used as optical stim-

used as the motivation for swimming.

ulus.

It is well known that a rheotropism of fish
is released by optical stimulus, but it is doubtful
as pointed out by GRAY (1936), whether optical
stimulus accounts for all the phenomena of
rheotropism, because in the absence of a

* Received Sept. 28, 1967
** Tokyo University of Fisheries

S’il existe un écoulement dans le bassin, la direction de la nage

moving visual field, fish show a marked tend-
ency to maintain a fixed position in space
when subjected to rotary movemants on a
turn-table.

In the present studies, the author made a
similar apparatus to the one designed by BRETT
et al. in dimension as described in latter, but
it has a significant difference to the origin,
that is, a visual screen was the only sourcs of
motivation for swimming and the water in the
trough was steady while a fish was swimming.
Using this apparatus, the swimming spsed of
goldfish Carassius auratus was measured as a
preliminary test, but as it was found that not
a few individuals in the test fish didn’t respond
to a visual screen, some considerations wers
paid in the subszquent tes's to forcs fish swim
as much as possible with the rotation of the
visual screen by changing the pattern of a
visual screen and acclimation temperature.
Another investigation was aso performed in
‘When a current is given to
the fish swimming with the rotation of a visual
screen, how does the fish behave to the currant
and what relation exist between the intensity
of the both stimulus? These problems were
also observed in this studies.

this apparatus.

2. Apparatus

The apparatus employed in this experiment
was similar to the conception of that described
by BRETT and et al. (Figs. 1 and 2). The

(11)
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Fig. 1. Photograph cf annular trough mounted
with inner and outer visual screens. The
drive mechanisms for the screens appear under
the trough, and for the trough at the bcttom
right-hand corner, though which is not used
for the present studies. The trouh was con-
trolled by a hand gear.

G

— &

Fig. 2. Diagram of annular trough. A: annular

trough containing water, B: outer screen, C:
under screen, D: inner screen, E: screen drive
pully, F: trough drive pulley controlled by a

hand gear, G: hand gear.

circular trough itself was 102cm in outside
diameter consisting of an opsn annular ring
10.2cm wide and 12.7cm high made of lucite,
containing 23.0 litres of water.

In the apparatus of BRETT, the inside wall
of the annular trough was made of metal in
order to reflect the stripe of outside on it to
keep a balance of visual environment for the
fish. 1In this apparatus, both sides of the
annular trough are made of lucite, and inner
and outer walls are encircled with visual screens

which are rotated coaxially. A 1/2 horsepower
motor linked to a torque converter provided a
readily adjusted source of power, ranging from
10 to 70 cm/sec of visual screen speed.

The annular trough was rotated by a hand
gear to both ways of right and left and water
mass in it streamed in relation to the rotation
of the trough. The speed of the water mass
was determined by measuring the rate at which
a piece of cork was carried around in the
trough. The relation obtained between the
revolution of the trough and the speed of the
water mass was a constant ratio of 1:0.8.

3. Fish

The species of fish tested was goldfish ob-
tained from a market at May 1, 1966. About
50 individuals of 5cm body length were kept
in an aquarium of 1.8X0.45X0.6m, feeding
artificial foods. The body length of these fish
at the time when the experiments were per-
formed became 6-7cm. The temperature of
the aquarium in the experimental period from
Oct. 1 to Dec. 20, 1966 was ranging from 15~
20°C. The fish were not fed on the day of an
experiment, the time lapse amounting to 24
hours from the last feeding.

4. Experimental procedure

Motivation to swim of fish in the annular
trough is provided by only visual stimulus, but
all of test fish are not necessary to move to
the revoluting direction of the screen. Some of
them swim to the opposite direction of the
screen, or stop steadily on the bottom of the
trough. To these fish a stimulation was sup-
plemented by tapping the edge of the trough
at one point, if this was insufficient, by touch-
ing the tail of the fish with the tip of a slender
glass probe. An attempt was made to apply
the same intensity by touching no more than
twice on any give round. In spite of this pro-
cedure, a few fish showed no reaction to visual
stimulus with the rate of two or three-tenth.

The observation was started after a fish
transferred from the acclimation tank to the
annular trough and was allowed to settle down
for a few minute under illumination and then

1z)
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swam round twice or third at a constant speed
with a slow rotation of the screen wunder in-
creased illumination.

5. Oxygen levels

Water samples were taken standard winkler
titration at the end of representative tests in
each series of experiments. In one series of
experiment 10 fish were used and one fish
stayed about 10 minutes, including acclimation
As the
relatively large volume of water exposed surface
and the water was exchanged regularly after

time to the experimental environment.

one series of experiment, there was almost no
difference of oxygen saturation between at the
start and at the end of a test. pH of the water
had always been kept at 7.2.

Table 1.

Rotating numbers of responded fish to the visual screen.

6. Results

1) Preliminary tests

To know the swimming behaviour of gold-
fish by visual stimulus, preliminary tests were
performed on 30 fish. At first the swimming
speed of fish was observed with the visual
screen speed of 33 cm/sec, marked black and
white stripes of 3cm wide each. The results of
one series of the experiment on 10 fish (Test I)
were shown in detail in Table 1, but the one
obtained from other two (Tests II and III)
were shown only with the mean in the same
table.

In 7 cases out of 30 trials the fish would not
swim or move to the opposite direction to the
revolution of the screen in spite of the supple-
mental stimulus. Most of the remainder 23
fish, to which the supplemental stimulus was
almost unnecessary, swam with the same speed

At the case when

the pattern of the screen is 3cm wide each of black and white stripes and the
screen speed 33 cm/sec. No. 1 of test fish rotated faster than the screen, but No. 4

slower at any round.

No. 8 swam consistently with the screen spzed. Nos. 9 and

10 fish showed no reaction to the visual screen, and in Tests II and III, two and
three fish, respectively, were found as the same state.

Individual Rounds of rotating visual screen
Test number of —m o -
test fish 5 10 15 20 25 30
1 5.5 11.0 17.0 21.5 25.5 31.5
2 5.0 10.0 13.0 17.5 12.5 24.0
3 5.0 9.0 14.0 17.0 22.0 23.5
4 4.5 9.0 13.0 17.0 22.0 26.0
5 5.5 11.5 17.0 22.0 27.0 32.0
6 4.5 9.0 13.0 17.5 21.0 23.0
1 7 5.0 9.5 14.0 19.0 24.0 28.0
8 5.0 10.0 15.0 20.0 25.0 30.0
9 J— _— _— — JE— —_—
‘ 10 —_— — P _ N J—
 Mean 5.0 9.9 14.5 19.1 24.0 27.2
| ﬁfvrffgéi 0.03 0.09 1.56 1.89 1.99 3.70
Mean 5.0 10.0 14.8 19.5 24.3 27.5
I S. D. 0.02 0.65 1.35 1.75 1.85 3.50
| Mean 5.0 10.0 14.3 18.5 23.5 2.5
s 0.03 0.70 1.80 2.05 2.50 3.95
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Table 2. Rotating numbers of responded fish to visual screen at the screen

speed of 40 and 60 cm/sec.

Ro’c(jlftilsxcgrei};leed Number of IjeusI;(t))s(rie(c)if Rounds of rotating visual screen
(em/sec) test fish fish | 5 10 15 20
40 10 8 4.5 8.5 13.0 16.5
60 10 0 4.0 6.5 — —

Table 3. Rotating number of fish responding to various patterns of visual screen at the
screen speed of 33 cm/sec.

Number Wide of stripe 1 Number | Number of Rounds of rotating visual screen
of ex- black white of test = responded -
periment (em) (em) | fish ‘ fish 5 10 15 20 25 30
I 1.5 1.5 20 | 16 45 86 116  — -
I 1.5 4.5 " | 12 5.3 10.5 15.0 20.0 24.5 24.0
It 3 3 ” ‘ 16 5.0 9.5 14.0 18.0 22.0 —
Y 3 9 ” 12 5.0 8.8 13.5 17.0 — —
v 4 4 | ” 16 5.0 9.7 13.4 18.7 19.5 —
'l 4 12 ! " 16 5.4 10.3 15.0 19.4 24.3 28.5

of the screen until 10 rounds, but a few rotated
later or faster than the screen speed. On
the mean until 25 revolutions of the screen the
subjects lasted their swimming, keeping one
less rotation than the screen, and then gra-
dually lost their speed, and eventually at the
time when the screen rotated 30 rounds they
lost 3 rounds.

Increasing the screen speed up to 40cm/sec
and 60 cm/sec, the same tests were performed,
and the fish followed with difficulty until 10
revolutions of the visual screen at 40 cm/sec,
but at 60 cm/sec they were completely impos-
sible to follow the screen, even to the first 5
rounds as shown in Table 2.

If it is allowed to define as consistent be-
haviour of fish to visual screen until one round
behind for 10 revolutions of the screen, it may
be said from the results showing in Table 1
that it can be induced to swim by this ap-
paratus about 70 meters* in a straight distance,
with a constant speed of 33 cm/sec. The dis-

* Regarding as the fish swim just between inside and
outside paths, which are 102 cm and 82 cm in radius
from the central shaft, the following equation is
obtained; (102cm+82cm)/2X3.14X 24=70 m.

tance seems to be too short to measure the
swimming speed of goldfish in comparison with
the results of FRY and HART, and this fact
supports the need for additional stimulus such
as a current in the trough.

2) Visual screen

It is a matter of course to consider that the
behaviour of fish responding to visual s‘imulus
will be varied by the pattern of the screen.
Six modifications of the screen showing in
Table 3 were tested to gain the best perform-
ance of fish to respond to the visual screen.

The patterns of the screen as shown in Table
3 were of the outside circle of the annu'ar
trough, and a lower deck, immediately under
the trough was marked in a like manner of
the outside, but because of i‘s tapered pattern
to the central shaft, the inside screen con-
necting to that of the lower deck was a little
shorter in wide of black and white stripes than
that of the outside circle.

The first test was done on 10 selected indi-
viduals revealing good reaction to the visual
screen of black and white stripes of 3 cm wide
each. One fish was used twice for one test
after about one hour rest, and thus 20 fish
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were used in each series of the experiment.
Through ;the
of the water

experiments the temperature
in the acclimation tank was
always 20°C. When the subjects were tested
with the visual screen of black and white
stripes 1.5cm wide each, the worest perform-
ance was obtained. The best one was attained
in the case when black stripe 4cm and white
12 cm wide, or black 3 cm and white 9 cm wide.
However, as the former pattern showed a little
better effect than the latter on the number
of responded individuals to the visual screen,
the subsequent experiment were performed with
the screen of black stripe 4 cm and white 12 cm
wide.

3) Water temperature

FrY and HART observed the crusing speed
of goldfish has a close relation not only to the
experimental temperature at which the speed is
measured but also to acclimation temperature
at which test fish have been kept. They ob-
tained the results that the crusing speed of
goldfish acclimated to temperature levels of 5,
15, 25 and 35°C were 25, 40, 47 and 30cm/
sec, respectively, at the time of experimental
temperature 25°C, and consequently the highest
crusing speed was obtained from goldfish accli-
mated at 25°C.

In the present studies, acclimation tempera-
ture levels of 12, 17 and 23°C were employed
in three aquariums of 60X30X30cm, and 10
fish sclected at random were kept in each
aquarium during up to two weeks period to
the begining of the experiments. The experi-
mental temperature in the annular trough was
kept always at 23°C.

As soon as removed to the experimental

Table 4.

at the screen speed of 33cm/sec.

241

trough from the acclimation tank, the .fish
acclimated at 13°C were rushing round at a
high speed in the trough once or twice to
either direction of right or left and then settled
down on the bottom. The fish acclimated at
17°C were runing round similar to the above,
but more slowely, and the one acclimated at
23°C were steady on a position as soon as
when they were removed.

Table 4 indicates that the fish acclimated
at 23°C rotated about 11 rounds the
period when the screen revoluted 10 rounds.
On the other hand, the fish acclimated at low
temperature 12°C lated 2 rounds during 10
revolutions of the visual screen. It must be
noted, however, the fish acclimated at low
best performance to
visual screen on the number of responded fish.

These results suggest that the optimum tem-
perature for swimming of goldfish will be exist
on the boundary over 20°C as pointed out by
FRY and HART and the observation of crusing
speed of goldfish should be done at least on
the fish acclimated at over 20°C.

Synthesizing the results of the experiments,
that the
would be obtained in the experimental environ-
ment which the pattern of the screen was of
black stripe 4cm and white stripe 12 cm wide,
and the temperatures of acclimation and ex-
perimental water were 23°C each or

in

temperature show the

it was expected best performance

its
vicinity.

4) Screen and current speeds

When a goldfish is placed in the revoluting
annular trough in which a current runs, it can
be induced to swim steadily against the current.
When the current is gradually accelerated to

Rotating numbers of acclimated fish to three different water temperatures,

Acclimation Experimental Rotating number
temperature temperature Number of lj;mssée?if of fish to 10
of water of water test fish If)i‘h rounds of screen
O ) S in average
23 23 20 8 10.7
17 " " 14 9.3
12 " ” 17 8.0

(15)
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Fig. 3. Current speeds at the moment when the

fish swimming with the visual screen turned

their heads against a current which was grad-
ually accelerated.

the same direction of the revolution of the
visual screen, the fish swimming with the
revolution of the visual screen in the trough,
has a moment turning its head against a
current and then maintains a position in the
current. Here, this is called ‘‘the moment of
head turning ”’, and the current speed at that
time is possible to measure by a stop-watch,
as a piece of cork is carried around in the
trough during the experiment. The relation
between the visual screen speed and the current
speed at the moment of head turning is shown
in Fig. 3, and the cross marks in the figure
indicate the moment when all of 25 test fish
turn their heads against a current.

It is obvious from the figure that in any
case fish turn over their heads by lower current
speed than screen speed, and this tendency
becomes more remarkably with decreasing of
the screen speed.

7. Discussion

On the measurement of the swimming speed
of fish in this apparatus the most considerable
problem is that all of test fish are not necessary
to respond to a revoluting visual screen. The
reason of the fact is not certain, but able to
suppose as follows; i) existence of seams on

the lucite trough, placed at two points on inner
and outer walls and bottom, because of work-
ing as unmovable sematic marks for fish in the
revoluting environment, ii) existence of the fish
showing negative or non-response to visual
stimulus, which seems to be their characteristic
behaviour, this will be possible to test by
making the motor of the screen revolutes either
forwards or reverse. It will be interesting to
check that whether the rheotropism of these
fish will be released by a current or not.

It must be noted that the fish acclimated at
cold water 12°C show very good performance
to visual stimulus in the experimental trough
at which the temperature is 23°C. This reason
is also not certain, but perhaps, the changing
on the optical sence of fish will be happened
by transfusing from low temperature to high
temperature, though this has still to be proved.

To measure the crusing speed of goldfish, it
is necessary to continue swimming at least for
20 or 30 minutes at a constant speed, and for
this purpose an additional motivation, i.e.
current may be by all means needed just like
as the Brett’s apparatus.
the author would like to compare the crusing
speed of goldfish between the cases of one
motivation for swimming activities (visual sti-

In future studies,

mulus) and two motivations (visual stimulus
and current) with the converted apparatus.

8. Summary

1) The effect of a revoluting visual screen on
the motivation for swimming of goldfish
placing in an annular trough was observed.

2) The best performance of goldfish to visual
stimulus was obtained at the case when
the pattern of visual screen was 4cm and
12cm wide of black and white stripes,
respectively, and the water temperatures of
the acclimation and the experiment 23°C.

3) The swimming speed of fish decreased
about the time when the revolution of the
screen was over 25 rounds at 35cm/sec of
the screen speed. This is about 70 meters
in a straight distance.

4) When the water mass in an annular trough
is streamed by the revolution of the trough
and gradualy accelerated in it, the fish
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swimming with the rotation of the visual
screen in the trough turn their heads
against a current by lower current speed
than screen one.
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Courants aux environs du Japon étudiés au point de vue de
I’océanographie de péche

(I) Dégats diis au rapprochement d’une branche du Kuroshio vers la cbte
et a P’apparition d’un courant cétier anormal

Makoto IsHINO, Kazuyuki OTSUKA, Akihiro SETOGUCHI
et Keinosuke MOTOHASHI

Résumé : Un courant cotier anormal s’est trouvé le 15 aott 1966 dans la baie de Tate-
yama prés de Tokyo et a son voisinage. On estime qu’il a été le plus fort 4 midi passée
avec la vitesse de 2 noeuds. L’allure de ce courant et les dégats qu’il a causés dans des
engins de péche installés dans ces régions sont précisés en relation avec une branche cotiére

du Kuroshio.
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Fig. 1. Map showing the set net fishing grounds
and the schematic representation of the local
current in and off Tateyama Bay.
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Fig. 2. Fluctuation of the Kuroshio current during the period from later June to mid-
Septembear of 1966.
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Fig. 3.
temperature in “C observed at the coast
of Mitsune, Miyake, Habu, Tomisaki and
Ko, during the pzriod from early August
to mid-August of 1966.
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Table 1. Surface water temperature (°C) observed at the coast of Tomisaki by the Tomisaki
Weather Station during the period from July to August of 1966.
Date July 1 2 3 4 5 6 7 8 9 10 Average  Normal
W. temp. 20.9 22.6 19.8 20.4 20.7 21.3 21.5 21.9 21.4 20.7 21.1 22.5
Date 11 12 13 14 15 16 17 18 19 20
W. temp. 21.4 21.0 20.9 21.2 22.4 22,7 22.9 22.4 20.7 21.2 21.7 23.3
Date 21 22 23 24 25 26 27 28 29 30 31
W. temp. 21.4 22.3 20.1 21.8 21.8 22.5 24.6 25.1 25.4 24.1 23.5 23.0 24.3
Date Aug. 1 2 4 5 6 7 8 9 10
W. temp. 20.3 23.0 22.4 22.4 22.9 24.1 23.3 23.7 24.4 24.7 23.1 25.1
Date 11 12 13 14 15 16 17 18 19 20
W. temp. 24.7 27.0 24.7 25.5 26.2 26.2 27.1 26.6 25.4 26.4 26.0 25.3
Date 21 22 23 24 25 26 27 28 29 30 31 |
W. temp. 25.3 24.0 24.6 25.1 25.9 27.1 26.6 26.0 26.7 26.9 26.6 ; 25.8 | 25.4
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Fig. 4. Weather charts during the mid-August of 1966.
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Table 2. Catch (in kg) by the set net at the Natakiri and the Koura Fishing Grounds
(August, 1966).
N | Natakm (Ko) } Koura (Tomisan)
. —_——— — T
date\a\ i morning evening ! mornmg ’ evening
1 ' — — l young skipjack 1200 [ —
I mackerel 250 |
2 - - - I
3 _ _ | _ |‘ -
4 — young tuna | — L —
5 sweet lip 120 — J — | frigate mackerel 100
young snapper 35
6 young tuna 40 — i ““inada”’ 10 | —
frigate mackerel 80 forse mackerel 10 |
7 — ““inada”’ 4000 | — | —
8 — “inada”’ 1000 — ‘ {rigate mackerel 400
““ warasa ”’ 2000 | “inada” 20
9 ‘“inada”’ 80 | frigate mackerel 470 | mackerel 50 ‘‘inada” 10000
young seabass 40 i
10 | “inada”’ 300 | ““ warasa”’ sweet lip 150 | mackerel 2000
| mackerel 280 fngatp mackerel 2000
| ! i ““inada” 400
11 — 1 — — —
12 — J — — | —
13 — ~ — | —
14 | — frigate mackerel 20000 — frigate mackerel 1300
’ ' | mackerel 300
15 ‘ yellowﬁn tuna 52 l — — ] —
‘inada 20
’ sailfish 40 ‘
Note: ‘‘sawara” refers to the young yellowtail. (body length 40-60cm)
““inada’ refers to the young yellowtail. (body length <40 cm)
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Courants aux environs du Japon étudiés au point de vue de
P’océanographie de péche

(IT) Allure d’une branche cotiére du Kuroshio en été 1967

Makoto ISHINO et Kazuyuki OTSUKA

Résumé: On observe fréquemment I'influx anormal d’une masse d’eaux originaire de Kuroshio
dans la baie de Sagami prés de Tokyo. Etant donné que ce courant transporte les ressources de
péche du plein océan dans les eaux cotiéres, 1’étude de branches cétiéres du Kuroshio est essentielle-

ment importante pour ’ccéanographie de péche.
p p p

Nous avons fait une enquéte hydrographique dans

la région entre les péninsules d’Tzu et de Bos6é aux deuxiéme et troisiéme décades de juillet 1967 a

bord du ‘ Shinyd-Maru’’ de I'Université de Péche de Tokyo.

De nombreuses mesures de la tempéra-

ture et du courant ont été effectuées par BT, GEK, drogues de courant et bouteilles de dérive de

courant.
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Le résultat d’analyse des données est décrit en détail.
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Fig. 1. BT and GEK stations occupied by Shinyo Maru during the period

from July 18th to 31th, 1967.
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Apercu de la situation de seismographes marins

Heihachiro KOBAYASHI

Résumé : On n’a cessé depuis 1938 d’améliorer les seismographes marins dans le but de mettre en
relief la distribution de seismes, la seismicité au fond océanique, la structure de ’ecorce terrestre sous
les océans, le mécanisme de la génération des microseismes, le mécanisme de la propagation des
seismes ainsi que de faciliter la prédiction de la génération des tsunamis et l'investigation des res-
sources sous-marines. Le progrés technique récent est particuliérement remarquable, & cause de la
nécessité de la découverte d’explosions nucléaires. Les seismographes marins se divisent, selon le
principe de la transmission des données, en quatre catégories: 1°) seismographes transmettant les
données par cable sous-marin, 2°) seismographes transmettant les données par ultrason, 3°) seismo-
graphes enregistreurs avec bouées mouillées, 4°) seismographes enregistreurs, sans cable, sans bouée,

sans ancre, qui descent librement au fond, mesure et enregistre pendant une période et revient a

la surface par la poussée verticale. Une explication bréve en est donnée.
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SHDRKY OFIK - TTH oo BEMETOHRE
LW 23550 72 Q12 ETD L o B ¥ O MR B¢
ZEk R AKBEC BT DERO P IRC L - TER
D TFRIBERICBIT LD T, FREHo—&RELT
BRINAEDTH D, KERENECHARFL HIEK
I E AR TWSDTHESHRD D L ICEZT D
25, EEOHDESR D CIRIIRE O MBS N E R

AbibhOBMh s DA THS. AR T
FHWZBRIBOA, B LbEDTOLPEINT
WEDHRERIRTH D,

ARa T 210X ) FAHBNI T ER = A
BICH 2 R b o7z, T TICESRHT 5.

1. EERGBEAFR (F— 7 EX520

HBECEATAZEL, ThihlEr— 7 vk
DI EREH F CHEL, FHIAOBNREC Y —7
R DRY, F— 2 2HENLEMNEET DI HD
T, 14EH L RFNY Lo#ERE R B L CBIfF
IRTWDB, 19654E4 H, ou Y v RES TV P HI%¥
Bty v 75 vz afl 160km OKE 4,000 m
OFFICHRE Lx?, ZOBHAFTIIHEL T T/ Table
1 @Rt &> cEER, #Y, KEEHHATEL THhDE
AR ERRYENBEAT b 5.

MEICERET 5 EAPHEI LT OB FCLEEEARD
2, AR E T —RIEE Lieh w2 IEEEY
MRS ClRES LT HHEFENERC T aEy
B0 e A BRSSO et o L, TR
BROEE L TEERNNEDRLTH B nEHDiD
DR A= — b UTBEOMMNE & EFICBROEN
My, RE, EER, RCBRBEES, BORE B
WSR-S 4 — SR BRI 5 BB BRSO R E A 2 U
BT D E WS EZ DT, KBS AT 2%
BLAEBLLWI &R BNT WA,

WEICEET AR, EaRAE 15 B0 3 BirER
RIS (A HAMEAE L CEH IO R L
72), EEHM 1 B0 3 B EE HEs &4 £ DRTE
weiEsE, RHEMA4 Fosky, SR Fofy, #
WAL, EEERE, BERRER, miFH MM, L& 4H
DEFTRETHDL, CRHDEERIRIT LI =T L5714
4 7178-T6 ~CH3K TV B BRI EA2T 4 FICls A A
Tk (Fig. 1), —BEWITICERD {0 Tdh 5 mERZ
WiZ A Fask voh—L Y bt — 2 — Sl M
BAALTHD, R 3BT HE SR HLALTH
%,
AN OREIZEECEEYT S & TADARAI
b~ BRAVKE L R BAEESR D D, Tk, HiERE
DIFENIC & U BpsFaE LSS R NS D, =
BHOKRERLTRDIBN DD DD T, FEPULKSUE
3mm BEODEZICLTH D,

r—TNVEECHRD, KEREARTRARL, EED
BERAWTELER T 572D T, 4,000m b OFEBICHE
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Table 1. Main specification of OBS. (After SUTTON et al.)

Minimum Period Attenuation Maximum Notes on
Channel detectable or steps detectable max. detec.
signal frequency (db) signal signal
Long-period 024, p—p 15 sec 0, —10, —20 200 Y, p—p Olow-gain,
seismograph end of linear span
Short-period 8.5my, p—p 1sec 0, —10, —20 174, p—p Clow-gain, T'=1 sec
seismograph output Amp. clipping
Tilt (tide) 1 msec arc DC None 0.1 sec arc bzfore rezeroing
Gravity (tide) 5 gal DC None 0.5 mgal before rezeroing
Long-period 3 Ubars 100 sec 0, —14, —28 1875 Ubars Olow gain T=100 sec
hydrophone output Amp. clipping
Short-period 8 tbars, p—p 1sec 0, —14, —28 40 mbars, p—p  Olow gain, T'=1sec
hydrophone output Amp. clipping
Rectified >5¢bars, RMS 20cps—1KC None >1 mbar, RMS
hydrophone
Coarse .04°C DC None —2°C to+6°C
temperature
Fine temperature .001°C DC None .050°C before rezeroing
Current .03 knots DC None 2 knots bafore aliasing
amplitude
Current direction 5 deg DC None 360 deg
Ultralong- 1 mbar DC 18000 mbar in divide by 6 position
period pressure  (lcm) (180 m)

Fig. 1. Ocean-bottom ssismograph operated off coast of California shown before attachment
of cablz and bzll mouth; plastic cover on current sznsor is removed before lowering.

(After SUTTON et al.)

BT 2 ORIFEFCEEOBMBUN L FEHMAERI R
B LW, BWEBERY — 7V L 2D TIhAT
NizDF V7% LD LAVRRIC A A— XITHEE
LUERE CRENBETHRERI DL IehbiELS
Thd,

BEBAFTL D EREBE TOEROWTIE, i
FOMBE~NOHEAERE LTAC GO 70) &7
— 7N TEVEECRNT DC gL, MEDOEE
KEZTW5, sHCEST BE T 25W Th D43, H
BEET DK EBIERPRFOBELHKEITR 5 BARE N
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256 3 & H5%& H4B (967); HI{ILHEEELHE

BIRNELTHOTHED= v vy FI v LEEH
AT S, COBMREALAVRRELCEEL, »
DOTHHEZ DRI LTS, BEBMENIELRRE, &
4 Fok vSEOREFBEIZE Lm b OEBERFEC L VT
o Tnb, BRI AF— 2R3 EEHREFRACLOE
BEHEAEEINTWS, ¥— 7 valEL $TRD
LWELE - THDRASL, BEEBOHTREICENTH
bo F—21R, TFxYFNF—FVva—F—245,
KZEREHHIB, Fr—b Lva—F—15EDD
N, EHEEIE 0/ A — 42— LEERFOZERE Y
FALTWS, EEEE LUTCREEF + — Vv RER
BbY, TOEMOBBEDLDICKELXFDIEED
HBELTH S,

2. BRESEARX G va—r71FRD

WOIFTRNT HBEREFRBREESTRA»D
W2 EREERICAD S, HELROEFKFANELDOD
TROFRE Lo 7T ¥ H— F7 4RI 1938 £LIK
B2 BRI N TRA A, 1965 4EH bMBKERE DR -
T, MRS AHE R CEIE A TR - TV D HRERF
HWEMET OBAEED 2HNT 5,

HEE, T SHERNCEST 2 — N2 A& 24 cm,
EX 1m %0 OWMEFHICHAAL, BETHIO
0 EEFATTRS SOT, 1AE»D 1xAHOHA
AL LTBEIR TN D, ICERUFHHROER DI
HMBAKLD o— TR, FOR—TO—HET ¥
H—CHECEEL FNL VB LCAT -T2 HL,
WHLCREL TR0 71350, chica—7
FREFF T TN D,

BERICHET 5 MERE O IR EERE B RS
STP38 %R L, W MHHEKRE 2,000m, HNE24cm,
EX 120cm, EX 15cm OHEHTH D, HEHHY
4.5Hz, K¥& TR HERS, HiEL, NiCd 7uvr )
EEW, 7S va—F—, KEEE, SrAEsAER
T3, HEOEESRAFEOMEFRIEZIC L £
2, HAHEFRTIZ Fo4 % Ne ¥ 22 BEBAICHTIE
T5h, MERBOTA— VY YIREROAT bR, ¥
B THEARYBECT A5 L3 TELTE
% (Fig. 2), E ORI o— 7OWEKRED %/ OFE
B s EHEREO S~ F) v RGO FIeD b
RATEZOOEIND LD T 2 — X R FHRFNT
w3,

WEHOEAEAM 4.5Hz TH 52, RC7 4 vx—
ERAWCEBEASY 2Hz k358G HKS, ETER

Fig. 2. Pressure vessel and recording instruments
mounted on the platforms. (After NAGUMO
et al.)

5y DB K HER B O MBI AN AS, KEBIERS D
BEHICRLECaI= N—Y T4 YRR D AT,
20° ¥FTOAEDHBEKEREIERS, 7 -7 VI~
F—12 78— 1% 4 HEERE NS, TERTED
A¥BIE DC~24Hz, BRIL 27— 713 LD L IXER
ETHARBICMT, €V 5 75T~ TOBARL
FrLd, FOB, TOLEEME > THEDLHFINT
WEESOF—TEREH L, BEEG TR LR SR
BiEET 5, HELHROGEERIRER 80db, BERICK
D —10db 5o 3 BRIz AR S,
WENMEHSELBECHRE Lot &, MRS X
% u—7ORE L HIEHRA L CHEET 2553 T0%
Zbh50T, WEARLDHL—713 Fig. 3 KR
FTIIRT VA HEL, #EOREICITL . FENA
PP E S TEELTA v—2 B T5RRE LD
T, VA Y- LEEAMLCEET LS5, K-
cRTYVVINRTAL TR ERSEREL LTHEAL T
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LIGHT BUW\ RADIO BUOY
f
SURFACE BUOY

.@'
Joining shnckle

Swivel————[]
Jolning shackle—"
WR 9%x30m

WR 9+ x80m

m
WR6+ x 500—~2000

WR=Wire Rope
PR=Polyethylene Rope

BOTTOM
PRI8*x200m

PAC?

WR9% 300,

ANCHOR 50Kg

PR 184x200—400m

SEPARATOR

Fig. 3. Block diagram of Anchor-buoy system.
(After NAGUMO et al.)

b, WHEHITOMM L T 3,000 HHD7 7 v ¥a
SAMRAR I LD E A TTADREEZFSE TN
Bo B ARBICT DD VA —a &L, 40~
50 2 A VLD TA DIEFEEXEIDDIEBBE KL LS
RoTnD,
WMEZELYRD, BEECIA b, V-3 VEE
DGz, BRI RO D 2D Bl o dERic Has
GTiTE, HROF— 7R R AEBCRE L CRT
EUX L, S8k BO ML , BEXOERE #l & ~m|>
Ay, F—7OABRO L CRUSBATCEAYRED 25T
Hbo ZOHFRDIELBENTAE 1,000 m OFTTH 1 B
BTk b, BRETI>HE IZLASAUCERET, fF
B ETLBEAROKRE XIZ, ERARZORBARE T
BHETITHD. OEFFRDOFMIL Table 21CRd,

3. BEREEAN

BOOBEWRROMBEING 1961 FY 70 YETRE
v SRR CBFEAIIN TN SR, T2kl
NRDEHOPOIL19644F5 B, KAHEN—I 2 —F—BHE
80 km D7KE 4,300 m 1 1 ARSI BEH S eiisks
i -7d0T, BEZEHRR T V71— F74HRE
2FAUTH % (Fig. 5). WEICEE LIcETL DD
WEF— 2 IBERCE 2, BE LD SRH~ER
T 5, M ETRE S TRATF— 2 RICERBICERT 5,

(39)

Table 2.

257

Main specification of ABS. (After

NAGUMO et al.)

Geophone

Vertical component, 1
Horizontal component, 2

Levelling device, Universal joint and
silicon oil

Moving coil, velocity type
Natural frequency, 4.5 cps
Sensitivity, 0.18 V/kine

Seismic
amplifier

Max. amplification, 80 db
Attenuation, 30db in 10db step
Frequency response, 0.5-150 cps
Power, 12V-DC 20 mA

Tape
recorder

Modulation, FM

Carrier, 80 cps

Tape speed, 0.06 sps

Reel, 7in., dia

Recording time, 150 hr.

Track number, 4

Frequency response, DC-24ips
S/N ratio, 30db

Input voltage £1V p—p
Input impedance, 10k{) (unbalance)
Power, DC 12V, 150 mA
Dimensions, 220X 500X 150 mm
Weight (with reel), 15kg

Play back tape recorder,
tape speed 6 ips

Battery

Nickel-cadmium-alkali cells
Capacity, 12V, 39 AH

Dimensions, 235¢X 260 mm,
Weight 20 kg

Clock

SEIKO TIMER 952TF7
Accuracy, £0.05sec/day

Temperature,
0°C-40°C (accuracy guaranteed)

Out put signal,
every sec, min., hour, 12 hour

Power, 12V

Shock resistance,
2G (durable in continuous vibration)

Dimensions, 69X90X163 mm
Weight, 1.5kg

Beacon
light

Power, 240V

Life, 140 hr.
(excluding daylight time)

Brightness, 3000 candle
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Table 2. Continued.

Radio

| Frequency, 1625 KC
beacon Out put, 3W to antenna
Power, 15VDC
Life, 1000 hr.
Pressure Operation depth,
vessel 2000 m (safety facter 1.2)

. Shape, 270 ¢ X 1300 mm
| Guard ring diameter, 1000 mm
| Total weight, 200 kg

Fig. 4. Telemetering Bottom Seismograph upon

retrieval after experiment south Bermuda.
(After THANOS et al.)

D —

/'ON STATION"

]
1

MOORING LINE

RECEVER
PATTERN

ANCHOR

TRANSMITTER SLACK LINE

PATTERN

Fig. 5. Telemetering Bottom Seismograph following
deployment. The beam patterns of the data link
transducers are shown. (After THANOS et al.)

% HS5E HAF (1967); RILEH¥LE

COGEMEMIEEL VX THREF— 22 KT BE
D, 74 DMNE LD 25km PWICEEAL Thixld g
B0,

MEICKE NS DREEEY 15 o 3 fsr & By
HAH1BO ETROHER, 7— 2 EXAOBETRER
OkREM A Fig. 4 0w MRS 2 MicisAL T
Wh,

F= 2 DIRR O BEROEREERIFI AT FHEEH
KP AW TWD, @RI 16 BHEH o fl B8 5 %
B Eg#), 1 PHESTOREHE (3 By, HEdH
DOKERBGS LHE, 7F— 2 DREDIHK, KT 13
HRTHB,

15 MHbEET I R E 1%, M 7 — 2 BEPBENC K
ERERITRON, bIRMHEOLKENTSEHEL B
DIEDDT, ThOMKt% 15 BB O+ ik,
BUIE->TWDHEAIE 1dke OBFIWEIZEE 4B L X
DL, BEOZEHIGPEROFEET I L5k -
T3,

4 EOMBHDOF—2134F % VEF VD F — & T
PAM-FM K 5@ E (BXEE 10.5ke) TE%
INs, KAMMWETG Vs ®, SALMETZ Ys®
DEETHR EAE - TWD, BEOFHHAETMIZ AR
Bl TS, B EZER 10.5ke DFIER, FM
BB EI VR, F—2F4F v x5 —71L
—Hml 4T VRN e RV L —a— L~ kD BES
Do WEAD GBI 0 O EEE B 2
Lichb LW,

OB RN AMED T — & 1R b I BFEE X
NDRBIBAHALTH B4, HERFEERDRE (=4
=7 1) FRODDER, 2F0, ZOBEFREEY
wmEMEL oW R I PR (BB
R, ERBHEWTCEONELETLF— IS T 5, %
7o, REEBIZThABIRICE 2 ZEHR 5 B2 A
AR #EE, BELXD, XREBECEE LS
L, OB T — <D DIFFEL D R T 5B HIR
b ORBICiHarRl), F—2xERI¥LD, ik
AnThRDF— 2 HBRICEZEL TN BHIEEICIRE
Lz 32 L5 BHAROTHERNERZEOL O
T, O EEERRFR IR TINEO R T IS
B2 RS LI RIGHERAI Hk, Broein % R
T 2B RVO THERINCHED F— 2 %% 4 L 13
bhBHECAEDEDEBbIS,
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4. BEERELAR

HOF EAROEEMET BBt EA K HE S
SHEBHE, BV k= s KE, FEYR A VRV
AV MHTHR I Nz, MhORIEEERT P8 (C de\ CHAE
FRREFEAIRTVILOLERENIIIL H L T&
5o HIERE, WMES, o/ A—%—~, BEM, F—7
LVa—Z—, KEHEELE, TT%8, ZLEE, FE
BEEE, HEHGTL DAY, TS RMTRMECE
L, BARCERRANC NI OB o S B RTE A
AEH BRI 5 o

BRI 2 LMEEBIZT v H— %0, BEX
DEHEHRTI®S, RESREZGHTE KX 600kg <5
WTHECEW T--EHHEBER TRV, Bl

TTHET Y — A HITCYD B LY 5. HEEC S Fig. 6. Internal view of Seismograph showing

—_ = a3 . BN electronic components mounted on upper
T —— 5 N A M ° I A |
DLEBICERBHO 7 IA w3 v T, Wil hemisphere cage. (After ARNET et al.)

BEERTIFLESZHS, HBOT LY HHEA
MTE—a YE2HAD, ZOFRANAY, LAk TEH
HFmEEW L, CREROHT, D21 FOHI%EE
TEEECFELFRXEEME I E P A T W B, £
Free-Fall type L3825, BN T2LDIEF+9
AA VR YIA Y MEAI1966 4E 10H ~12 BiC T &g
THEALUE#TH H10W,
FEHLHEAREERY LY, BEFoXHH1
2 X REFNTWADTHEEDRE LA CEIT
B H/ERZVDT, BEKEFRELITE T3,
HWEHD L#Hra= =B rIaq v bTol, HES
PERCENOFANEI LI LTW5B, TOHE, #H
BEitehBla = n—F Va4 v Rh O EEREST
50T, ¥ avIN—THEOTHL kD, HESE
BEELTWS,
BEREIRBRTERETOIOTI/ v/ x—2—FAK
KEWTEZA =~ EFRLTWEHDTIRARL, Wbwb
FIENT vy 7 EEERTWE SDTH D, LEOIE
B LT RIC ERE i i % 7 — 7 Icit@ T 5, Ch
B7—7va—4—~% ON kL, HELTEEEEL 5 . - »
— T E TS, 7~ ON Ik L ¥ ETEASES Fig. 7. Seismometer packages out of their pres-

ey . R e . . sure spheres. The lower instrument shows

MILBIC BT AL, WETIRT Y20y 7 TS the tape deck with the three FM cord mounted

NA% T —TIFLEL, FEBRBEF—7 ON Dk directly behind it. The upper instrument shows

DEFEEEBTLARTN S, the programming board on which the timing

F=TL A= G HEEXD F— T L3 — X — % N cycle is specified. The small hemisphere in

- - . - e the center of each instrument is the tilt re-

e 5 o SHDAHBEMBATTEAMRILE Tﬁ}ﬂﬁ corder. One seismometer of each instrument

HARERd, TvI=ysp@e AL, BARE is visibly suspended beneath the center ring.
1,000 m~7,000m AEETHD, T =T aEHIR (After BRADNER ef al.)
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7178-T6 A\, TN7 Ty FIIEAHLLzdD%H
WTW3, MEAMIE TI#HCREFNZEX, HY krv=
TRETCETV2THOWERR T ANTnd&Ens,
FLERD I VAL — 2 YRBEEAERE TKRER
BWTIZ 20MC 3D EFAL WS, BREDOXE
BETCHELESYF v F L, TOBRFHEMBCHM
FROTHELICIT . B~ YORFEEHIZ 3W T,
BLEOFED T VT FREERICHS EEMAHS L S IKIE
KEBHAA v FLY) v—2A L TEEL T D, KT
FOBARRT Iy a4 PTL L HR 5T B,
BRI T DX S CHBEF AL » Fe0 T B8,
BHCERBELTWAHEREIRT 50T, 50m DTk
BEREL WX 3 ETIR4 v F 24T, TO¥ES

BOBRWTWS,
TRy, 7Y a—WEHT 70w 5
ARMERBYR LI LA DE, BREYLIE
DELEDICEALRLTNT, BRAKTRMRERS L8
Az EECERE LB L{The, YI+H—T “‘BLe
X7 LEOEBIEBRED, WETIEANS Fakvick
D Z2DEBE2ZT, FEL2RRT 5, BRI WANS
HEBARCE - TWSE L LVWOT, MWL EEE
BEBEESTHENESRHELT, 7¥vi—EME
HBEEAEL T ETEHEEO Y V2T (o v
RELTHWTHWAEIRAD 7 2 — X2 v TEiY
WLTC72a—X%REL, ETa2RRFTELOCLT
W3) L3RR sTWnh, TOYF— ) a—kEidE

Table 3. Main specification of TI’s Ocean Bottom Seismograph. (After ARNETT et al.)

Geophone Natural frequency, 1c/s
Damping, 0.6 critical (20kQ)
Sensitivity open circuit, 480 V/m/s
at critical, 384 V/m/s
Coil resistance, 5k Q
Moving mass, 2760 grams
Tape recorder | Tape speed, 0.0075 ips
Reel size, 8-inch diameter NAB standard
Tape, 1 inch wide, 1 mile thick, 1800 feet long

Recording time, 800 hours (33.3 days)

14 IRIG analog standard

Direct analog (record only)

35db (with 35-db play-back machine)
10kQ, 5 volts p— p for full-level recording
1/4 to 10c¢/s

Frequency response with playback machine speed of,

Number of tracks,
Type of recording,
Dynamic range,
Input impedance,

Frequency response,

3.3/4 in/s 125 to. 5000 c/s
7 1/2 in/s 250 to 10000 c/s
Power requirement, 6 Volts DC at 80 mA
Weight,
with reels, 14 pounds
without reels, 10 pounds

Dimension, 16.5X10.5%5.5 inches

Sphere Spun from 7178 T6 atuminum alloy
Size, 36.75 inches in diameter

Weight,

with ballast weight 1240 pound
without ballast weight 860 pound
Net buoyancy, approx. 200 pound

approx. 25000 feet

Operating depth,
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DRI FELEERZEL KL D 5L, MEARAK
BA LAL  FEEOATC, S50 DE LR
ET D, VIF—Y a—hBEnic TS TR R
SEHEDILOL, OIS L7 2— X 2R
LTHEOEX 180kg OT7 VA —%W0 8T, 0
BEREACTHEOEERIL 41 4£ 10 B ~128 © T Bk
TR - ERERETIR 78% GEWEST 18 4) TH
DD TH B, WEFHIFEELTWARRIC RO
PRAWTHELHIERLTWAD 5 5HEZEL bR
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MEABAICHE 4 DEHEOER Y [ It HER#ES LT
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Wi, ARG 2 LD EKEYRO M TR, 20
I H RS XS5 I 5T 5B,
BEREHMICOWTHY) 74 v =T KFY BB
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Terminologie en optique marine
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FEERFCIRHENE, ~ P 2%, 815 (1963)
12, TAPO @ ' @ #§ ¥ 7 4t &% B & (Committze on
Radiation in the Sea) ZMEE L ity ld5H
HBLELTOBMBDELDDICODWTHM,L 7,

TOBEERELI1ZE £ 3 & D &, transmission ®
scattering % reflection D X 57\ < DD EMEH S
oW Lo EMAERY RMT 2 23 EH Ly
THLOEWIRHRICEL 2. LI TRRERXIZINRLD
EWOPFB S OH L WERORER T b wnS
Ttk &, RKBELERAGLECOBEOFONL D
MEEETHZ LKL,

T, WERFCET LB OB AR TR
DNT, LOREBIEINALDDEED TREENANE Y
HEOBEZHLNC LTI IR ELD TN TI L
T 5,

1. EX08

Sun zenith distance KB KR &
KHE KRB O & O DOHET,
oE 4

Quantity of radiant energy HM&tzxrF—DE
B L > TBEShicz 2 v F— D&,
LE: Q
BV joule, J; erg 1 erg=10"7 joule

Radiant flux HEH
B = 2 ovF — O ORI EA,

e F
BAf7: Watt, W
Bfk: F=Q/t

Radiant intensity (of a source in a given direction)

* 1967 4 8 H 30 H A

** Tadayoshi SASAKI BFUKEAZN, k¥ WF2Eir
Tokyo University of Fisheries, The Institute of
Physical and Chemical Research

tATEOER T [RBEHLO KEHMA] Li-TH
7o

(44)

FEO

BREOHEI (52 bRk AMICs T % KEED)
Hz bR % &t IE® /N (infinitesimal)
FBERICIWT, KB E 2RI RRERNLLREH IR
DB A L O PO R TE 5 b D,
L5 I
Bifij: steradian %0 D Watt, W/Sr
Bi{%: I=dF/dw
Radiance HATHE (KA OH )
Kl O WMAERITER, BANESE S0 ORKEH,
is: L
H{7: FH m %, steradian ¥ 70D Waty,
W/m?- Sr
Bt%: L=d*F/dAcosfdw
Irradiance (at a point of the surface)
BHEEE (RED 1Ak T2)
HBZTWDEREURA_ LOBMPE T AT 5K
W%, TOMSOHEBETE -0,
e E
Bfi: FH m B2ho Watt, W/m?
Bif%: dF/dA
Downward irradiance FJ7[E DR
ZZTWB S EL/KFED EH (0°~180°) DOk
DERSY FOBKEE L O OHE TEH- 23D,
% : Ea
BV : TH m H¥2hD Watt, W/m?
Bit%: Eq=dF/dA
Upward irradiance /7D
BRZTWB A EL/KFEO TE (180°~360°) @
WAy E OB FEE OBy O TH B T E- 2
Do
iLF: Eu
B7: FH m YD Watt, W/m?
Btk : Ey=dF/dA
Irradiance on a vertical plane HEE GNME) mWED
& rgich
FEZTWB R ELEE R (90°) ofPHs Lo
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B 2 DS OEBECTE- 23D,

L5 En

HBA: ThH m %4200 Watt, W/m?

B§%: En=dF/dA
Irradiation (at a point of a surface) HH (H DK
HODH 5B 2)

B E L TORHREIE & O,

Br: Fh5 m Y7200 joule, J/m?

W% : dQ /dA=E-di

Radiant emittance (at a point of a surface) HHZ
B REOH S 1AIKIT D)
BLZTC0BE2ELHOMAIEICE > THEBEI N
DA L DRI OEIFE TEl- 2B D,
e M
BA7: SFA m 47200 Watt, W/m?

BifR: M=dF/dA

Spectral distribution curve of a radiometric quantity

such as radiant flux, radiance, etc.

B RLHH O EHOME HNRDED S NS
o

R (b2 WIZEER OBE L TroEDHk
REZRET 5 .

Scalar irradiance
HBRILBENTLZDOEDEDLY DT RTDHEITD
W T DB 2y 15 DR 4T o
TE: E
Hihz: A m 40O Watt, W/m?

Bt Fo=|, L-do

Spherical irradiance
HROLEN L OF LA EEL TR D Hasd 2
fF, IRE EOKI RO zOERIC T % HOMR,
itH: Es
B FhH m 420D Watt, W/m?
f%R: Es=F./dnr?
Z T Fr 2R r OB OREHE,
Es=1/4-FEy

HKDOHEE

Reflectance X &E
B U kSR Fr DAHBIH K Fo o /3 2 ko
©E: 0 B 0=F/F

Irradiance ratio (reflectance) ht&+HARE H
BHOHHEICKT 2 THEOHHEE Eu 1T

(45
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T5LAEOHREE E« Dl
a8 R B8f%: R=Eu./Eq4
Transmittance &@E
BB LA F: O AR BHE Fo w35 b Gik
HEBE IR BEREEOEDOWTFHOE SR WT
Do
iLE: T Bfh: T=F/F
Beam transmittance JEHE@EZE
HEORIICERTUNSWEREE b OHEIL DN T
DFERE,
H—EECONWTDEEH: logeT=—cr
Absorptance WYL
PRIT & > THHD B kb B M A Fo O ARE
Fo iwxd o ko
s A BifR: A=F,:Fo
Scatterance B(HLER ‘
HE D DEFELEI N BT Fy OARE Fo Wwid
% o
i5: B Bifk: B=F/Fo
Forward scatterance §i A EXELER
A B 0°~90° F TOHBEN THAE L KD
AR T B,
5. By
Backward scatterance % /7HRELER
FaT A B 90° ~180° % T D AN TEEL L 2o iRE 3R
DA HRICHT 5 H,
itE: By
Attenuance HEER
R & EELR O &
s C
Bk C=A+B=1-T
Absorption coefficient W REL

Sl B B AR D IEF T D TWEBHO W R Y -
DEDEE (dr) TH- b D,
o5 a Bifi: m?
_4A__4F
Bith: T4 T FAr

H—kic>nWTid . a-r=—log, (1—A)

Volume scattering function #FEEFLBIEL
BRELARTE O B B IR & B AR RRIC DWW T O
DX (Gzbhiue st 3EEEENDD),.
o SO Bfr: mt

O
B A=
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(Total) Scattering coefficient (4) EELHAH
KRR BELBEEOER TS TWEO A ELE
¥, TOEOEE dr) TH-*b0,

Ek=a BA7: mt
4B 4r
S .

szx,B(ﬁ) -do= zﬁjz BCO) sin 6-db

BRI NI . b-r=—loge (1—B)
Forward scattering coefficient B /5 #ELAREL
B AEFELE (Forward scatternance) CB#E T 3 %
o
5 b Hfy: m™!

z/2
B bf=2ngo/ B(0) sin 0-db

p={ll)

H—KIcoWTiE s byr=—log. (1—By)
Backward scattering coefficient 858 ELIREL

% EELE (Backward scatterance) CBI# T 5 %

o

LT b Hfz: m!

B b= 27rS Z/Zﬂ(ﬁ) sin0-d0

B~ ECONWTIL . byr=—log. (1—By)
(Total) attenuation coefficient (£) JEEEH

HRICEERFEERDIEFIC S TWEONTE R

ZOEOEE r) TEl- kB0,

5 ¢ Bf7: m!
4ac AF
e S

B~ R ICoONWTIE s cor=—log. (1—C)
Refractive index JE#TE
EHZEMAOKI = 3 Vv FONMHEELED b
BEEANOEL = 2 V¥ —OMHERETHRLEZD O,
THRARA (E2d) DEZOREH Ak
THHICELY,
Ev R B -
Optical length* JH¥HIEX
KEOBMAENEICE DB ICEE TS total
attenuation coefficient (£HEBE) #FE L 23D,

=}

F: T Bf%: t=c'r

n=sini/sinj

5 & 5% 45 Q967); HILEEFEELRE

Degree of polarization fRYE
# U retardation plate % & D133 U e {@tic e
BERFEtEE2 0 5 X 5y, RyaFE 180° |
L, BAKERNOBESEGIND RO, Rk
BRERERNDOEOEEZNLORMDHTEH S,
Thbb, £ xVF—KHTIEE L FVFE
—DHTHB*

t5: P

Bfk: P=

Tl

Lmax— Lmin
Lmax+ Lmin

Asymptotic radiance distribution
KEP* KR THEIBERICHE ML 2 & SO
ENtOBRTH 5, LHRMED b DI T
b0, ELTKBRIEEHCEBEKRTS 5,

# 3

Diffuser 352
BEHEL D OB HOAENFEEEZ 5l fFEH
THERE, T LU TCHRENCRORE R S 5,

Collector #£J:2%
HEINIBEDERLHBEI VI LELER, &
E 2 IIHEEOHIEI 31 % Gershun tube R 4 H&
BHIEIC 1T % cosine collector™* ik 1D,

Cosine collector $%HENEH
REDIENCHE> THRHEREZ T AN 5B,

Optical filter X2 7 4 v & —

P E fciR FHIC L > TERE BB T DM 5 v
F—DREIPHMNGEENZI DT 4 VE—,

Neutral filter H¥:7 v & —

FOMM N HEEEZ D LR LK T 2V FE
—DAREIEBIICDIHET 4 V5 —,

Selective or coloured filter FEIRH BT 4 W& —
TR k- TENREBRT DT 2 v F— Do N0H
PETDHFET v~

Interference filter F#7 4L & —
FEEAHFHCE W TH I EEDELTEBHEL,
HOWRRT 4 V2 —REEFBLIWE T 414
—DEE L HEA D 27 B Uk EBTHX

¥TUE= T4 RN S OREE R ROR
Mz <& 5,

* i CIRBIE “RBORAFHEIC total attenua-
tion coefficient Z#EUL7dD” L TH- 7k, 4
EVEEKIC B E T 5 total attenuation coefficient &
HPENZ TN D,

** KB (hydrosphere) M TIZ “HEhics\ T’
&7 T,

X BT cosine collector Dby IC “flat plate
diffuser CEHELEN) > &7x - Tl

(46 )
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ST BEIND XD RNFET 4 vE— KL,

TZTnRERTH S,

Photoconductive cell JEEFE L
o beTBRIVA 72 A B I DL
Wo RIVRIBRIC G EIR RSB TH 2,

Photovoltaic cell JtEM
BT 2V F—CBEH L2l SR TRCEMEDR
EThHEIL,

#: “barier-layer” cell D HEERAEHLTH 5,
(EhRZDOHDOEE T A VT — B CE
ABTENRTE, HREFRRIAETHS,)

Photoemissive cell WEE
HHEOFRE (FR ZEEzxvEF—DEED D
L CET &Ik T % photoemissive effect GLEZL)
B k- TFET 5w,

Photo-mulitiplier cell Y& TH&E
TIRBETHRERESTIEEEC, chik, 525
NI AR T 2 v F - U THAERENT 20
IS,

Irradiance meter JEIEEEET
BHiERE A OFE GE® HJE) cosine collecting
surface GEHR A /=75 A% ER) % d- KB
HEte BELA—Z—I» TEEEINKLERHERF
THHE 5, MEAbINBHBRIIERCL
- T E=F/A Th %,

Spherical irradiance meter*

KIS EREST /B cosine collector TH HER)

HE A ORERER L - IBEHRE,

FELA— L~ L TREIN BT RN F Th

* Bi$icid Spherical irradiance meter DFEIL7T <R
T Scalar irradiance meter 23EE; I N T\,

(47)
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L BIEBRELTRELMAADI> &2 Spheri-
cal irradiance 13 E;=F/A Tk %,

Radiance meter JFREFEEERT
HHIBEL AL DOBM T R VF—2HEL,
O SROEXAOFHCEEICEHEI L TW
2REE Q OHEMNAEACHIRLZ (& 21 dH
BEIC L - THIRT 2) RE 2RO BRHBER,
&L E 2% meter DA THHBIE, HALEDLX
< SR L=E/Q Tk 5,

(Beam) attenuance meter or

(Beam) transmittance meter (OEH) E#EEH ¥ &
2@
BB —DOBE L e hHOKAERE T % WET
Y Eapidi
JERM#HEIR C=1-T

Scatterance meter #{ELERE
FHERER DO BELROE X EHAET 5 D O HIE
L BSHEER ML EDE - 2B D,
Scatterance meter X =ZOD A FEHICAT bhvs,
Tihobb, BHAE, BEEAER X OESBELER
Thb, H10EE, FAELLTHEL bhicpies
7% volume scattering function @3 XTODEA
WREINDLICHEHINTND, B20HRE, b
LEE LB OWTO function kETDH LD
CEHINTWD, £LTHE3IDORIL, total scat—
tering coefficient 23508 IND L HICTRCDOHE
@ function NEFELEISND LI CEFHINT
Wh,



274 5 B HHE

B4 (1967); HILEHEERE

W e OEPE RN S B 2 R FIR 7 L — 7

#o01 bl =

&

1ére réunion du groupe des experts de I’Organisation des Nations Unies sur

P’océanographie et la technique marine

N H

I. UN EMRY I —THIDEE
UN g 4B HE L (LT ECOSOC) # 40 24

(1966 4 %) 1T B W T, & 7 #E Development of

natural resources ICBHE L, 7 # Y 7KL, AEIC

S TOWOBRROBEMLIEHL, UN HHRRELSE

DHIEE ZOHREEMCOWTOF—T =1 2T 5 T

L, RREUL, I TEEEL, ABEHEHOT

TOERIMHEY ZZibi\nk S LRk TaWNn 523,

BOHRFAYEEOEOMEPLHKL LS LT8R

AR b, ECOSOC 13, 1966 43 H 7 H, ik

1112 (XL): Non-agricultural resources %R U 7z,

ZO®#EIZ, UN HBEBE M, Advisory Committee

on the Application of Science and Technology to

Development (UL F ACASTD), 5 P Bz 0nA 7 <

axza, ROBEENEEBROHIEET, KOT &

275 LA EHE Lic, Tbb,

(1) KM%z 3EORFICET 2 MBS D
REROBIRCONWTDOY— T =4 %, TTICLR
2 3OO EMBEIC L - TRIRDDODHT]
B#RTUTARI T &,

(2) L KBEEDFDLDIC, FEWHFEDOE
KBEAHETLILIOEADL L,

(3) WEEEO development ~D% D HEMR LT
BEGHRORHOMROERMICR S UGER LA
FRITIE B CHIEDOF » v TEHERT BT L,

(4) ¥—v =1 DY FE VgL ECOSOC it
ThHZ L

UNBAE 21 248 (1966 450 ILk\WT, TOH

FE LA 94 35 Development of natural resources

LOBHET, BUT A Y AIRERA =V TFIRLD,

Resources of the sea &7 % 16 7 EHIERBESEM

#* Shigeru ODA BRALAF ¥ Faculté de Droit,
Université de Tohoku

w

Xhiz, TONHFEZ, ECOSOC EA» T v F—x L,
WEY - WHEHNCETAIY T2 4 BLUHEES,
UN #HBRICRD L5 LT53DTH D, i x
L, =&, A X530l THLFER 2 X
z23, FAO OFhEDEBEORENRFDLLT, £D
LEMARERS, A XY R, T UVRREDIHICHEEL
Fr. VEEESER, TOLKHEER, EEEDIOaX
2 ANCLEWCERDENETHDEVWIBRTH -,
TAY A EREERZ, FOBRERYELL, ThREZ
FEACEWTIR, K87, Kdkl, EH124%d -
TR IR, BEKRSECKWNTIZ, 19664 128 6 H,
R 100, K7L, = 11 23 - TR i, »
< ULTHI LaDA, UN Baik# 2172 (XXDD: Re-
sources of the sea (JIF UN #&p# L DAHELT) T
H 5o
O UN BAERFHIRONELY D,

(1) BiEo® ECOSOC phgr=x v F—2T 5,

(2) UNHEHEBRBREN axxa2sl %D Inter-
governmental Oceanographic Commission (LIF
10C), FAO &< ik%® Committe on Fisheries
(LI'F COFD, WMO, ZofhoBREEE RS, BY
FEmMEEBRRFE#H LT, ECOSOC Itk » TEH
IhieH—v 41?5, UN #EBE, £
H, BOFRIMEE, X bIeKRY¥, MEFALCL - T
3 T b T DY s X UMD GErEIR
@ development IL B T53D% 5<% Oa VS
YAV T Y =T AR fTRICE, REFT
5o

(3) UN#HERER, 2% 2 3L Kk%XDI0C, FAO
LD COFI LHAHL, LR OY—T=11C
HALT, (@ B¥rECCOBEREDOLD LW
HR, FEORECOAIDOEZEE XL - ETOWHE
ZEEE DR & development ¥ BEIT 5IcoWnT
OEBBHOLENE TS5 L0DDH - LR
BT L VF AV P RERL, (B) ol

(48)
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WCOEKE - WD Fu s 5 2B LELT S
», OD|BEEERT AL >, EFHT5,

(4) UNEBRE?, L& (), ) HoowTHEE
BLDHDAD, TELRY, HF9EE) X O THEH
BB B2 BN S RFMR SV — 7R T
L, REHET S,

(5) UNFHBBREOAELL T™H— U=, & HRE,
i, Toax v b RELEDIc, ACASTD i
INDBLED, BEETH,

(6) UNHBRE, KFD My—veg | & MEER]
%, ACASTD @z » v » &3k, ECOSOC %3
UT, UN B4 23 &8 (1968 4£8) KRBT 5
L5, BT,

R, TOHREN UNKRLAE BHAC W TER
it shelg, 4) ® Ticbb, EMRIIv—70%
MLDTENST R E I, FOMBIZER 74, K 10,
EHE 13T, TO0EONTY #ER IUEREED
DTHoTCE VI EERFEHICETEETED, WIE
THiL, IBLENTZRCH IS BT, KNE
Btz &, HRDBED Th D,

II. B—ERE0RE
WMO O#HE LD, F—EL2H81%, Y2 F—7 KR
TOEBRAFEEICK T, 196746 4 15 H~21 Hic
PIE I e, TOME A VY N—IIRDED TH D,
a. UN HFER
John Lyman
E. S. de Breuvery

FEE (29 i V)
(UN BE#L&R - BE

R
J. P. Levy +7 1421 (UNREHLRE - HHE
SE IR

Frank Wang (UNavywgvh)

P. Villat ( " D
b. FHMEED L IZEBBE

atxzxa —K. N. Fedorov (2323 EH¥E

&)
10C —H. Lacombe (JOC HEE)
FAO —F. E. Popper (FAO JAZJHTHEE /&
AR
COFI -~A. W. H. Needler (COFI ZE)
WMO —K. Langlo
WHO —B. Dietrich/R. Pavanello

EBR KBRS —A. Viglieri (BBKERE)
IAEA —7J. Joseph (IAEA =4 = ff928T)

b 275

IMCO —C. Goad (IMCO HXE)/G. Dente
ACC WEE¥4F4—N. Veranneman (ACC ¥iEs
HSBarsLEY)
BADE#KTHEIN LD
Nz (=P ) H BE
J. Jonsson (74 235 ¥ F) # B3
TART V FEEFRET
W. S. Wooster (7 # Y 71) ¥EFEYHE
27y T ABERT
R
T A HEEERS
A.S. Laughton (f ¥1Y 2) H#2 R O Hi k% B
4 ) 2B
K3 X OV KA
EF A WHEYE
V. G. Kort (V&) WY W
ok, TOMAOEHRTHEINILDIE, WTFhb,
UN SEHAEYEBXELD, YZES CKEML
HEL CEMRKOHER 2 KD, Thicd & ST, UN
LVERINABDTHD, 2L IR FMMBIT R
bioit, UN fIc PEOE ST 8L, FEAAR
MROARCREBRFAOAELIRET I LT A03H -
BB THDEWVbRD, MHOEBAIE, UN HERXR
FEAAHAD UN Kffdh TEEIC L - THITFEEED a
high level expert DHEREZ KD, HNHO LT
N b, UN HBEXKED 196745 H 25 HOEB T
EREBEINZHDTH D, EEALIhELT L
7z bbb s, UN RiER i/ EOHES T
LT, HARIZEEEEMRZ RDLHDTHS &
HTETHoTs
d. 279 —27—
UNITAR—A. Boumendjel/W. Syad
ICES 7Bz EEEHEL)—C. E. Lucas
ECA (7 7Y ##EZERSL)—A. Banjo
ACMRR —S. J. Holt (FAO H%BHE)
SCOR —W. S. Wooster (LEl ¢ 77T ) —%3F
n5)

o]

HAeR#

H. Arnold (7 4 Y #)

J. Alinat (75 v &)

III. SHOBEORR
LB S TEMTEECRAIN TR Mprovi-
sional agenday (MST/D k9, 2O —EH L4 D
#FFIL, UNRakEo @ H, Thbb, M—v=
A1 EBERBNBTEAS T LRZF/HEINKL, LML,
ULEHRIEK ® [Draft Outline for the Secretary

(495



216 5 % W5% W4T (967); HILENEAR

General’s Report—Part I: Survey of Activities in
Marine Science and Technology (MST/2) Z3EERY
2% > lAppendix [: Legal Aspects and Problems
EEATWET E, £5 LT, RECEERERFMARD D
HiMb - T &, EMEDF CHEDOELY S
2T LREBETHED, bobd, IHELTD, £
HiH, &Bcnike > TR U TH bAM—OEREERN
RTHDHZLEHERRFL, TOXRKCET5EBEEEMR
DEECONWT, FTO&EFEWEBETIRE b
M oteo BERMBED D WIRFIERO LD HOon0IKon
THhnbTHR B 2rDOINKLDT, //HIZ, TLegal
Problems related to Marine Resources Development |
LETHETY M54 VERALTC, BEEFRBEREOER
BICo &, MBI EITR o7

AFMITIC LT, SIRABITEWTIR, UN BRLRE
3 HTws MBR] KRIBALT, bbb (2 H
D TH—TxA4] DDdDDI TRAF a F—IVIERICES
BB ZEN, 2EOMTIREBLEDHRLEAD, LE
BT, FRLBIE, REMERLVETFORAZ LR
in 7. UN EFBRlS, BIEC Appendix 11, UN
BAkE (2 Hey s —Tx& UN #HRE) £~
FE—TEEL, (D HEEL I —F2 UN EHRE )
B P EECHTRETHESLIEVWI LD, TORMK
ZEETICE S TPICRZ %,

AHICRT HFEOKBOER ORI O TH S, T
bbb, () FEICHEETRESTRF 32— LOF
B, (b UN #EBERRY R— E—HOT7 514 VD
iR

LZDFERIZ MST/5 (21 June 1967) ©Y R— b &
o5 TWnb,

IV, BEICRETNEITAF s -

Oz Li<2ETHAL, Thid UN Rk #
() HOV— Y2 A KETEHDTh D, 2BIIEL -
THEEMINT W [Draft Questionnaires] (MST/3)
WARFETHY, & LT Wooster, Fedorov 7z ¥ D3
R LD, Wil TAF a 2 —WIER I iz, ok,
O, BICHRRD—BAVRER DIER I iz, Th
51, UNEBEBRS S UN RO BEESM#EE O 4 nE
Eresggsh, 1967 4 10 A 1 HE cieEEsfish
TW5,

(1) 7x2FaFx—VORE
1. BEFRUEEBRCET2ROWThOER%
BEEHRBI R -TW5D,

a. EBEL L IZIGCHODRZE
b, =Yz, KLU AKY—ZD#EME
c. WEBLUEROFA

2. HEERIOHEFEENCHET 2 BEEOFEHOMAK
12 EDRBREMDN,

a, Z@EDHLIRICHOMIED 72D DERRE F

b, IRBSITY— T =1 bR AEKF—EXD
AR BET 5 HINRFEER BN E O

c. ¥, BE, BEHTH»DOH8MOFEMENRE

3. EHFRUEHHEBMCEITIEEOEHORE
%, HEIRORELL > THIB IR TS, TD
BT 5EBORDI, BRI >HE %
BZDfhE b 5TV D 2,

4. BE¥RICHBESUNCET 2 BEOEE (EiE
iy aspects 5L ) W I I DD, BEIZ
WnIe DR D 5TV D,

5. WE¥RIUCEFEBERCOWTOEREHCER
2 EDRBEEEL TW D,

a. BUNHKBEOHEE
b. FBUNEBBEOFE
c. HRIOWwERHE
d. HER LTI OWTHENS LLIREAH
agril=l/ A VN
(2) —BHNEERORA

1. UNRSRBORHFHICBHD & 5 B O ERNE
B, BBNOBRICINEL D REARA L SE
ETHEED, bR INMLBEDDHEREFL
Wb O EERIEE Y R I N L, 2D, £DX D7
HAINDAEH B VIREN AL O I D
WTDRE LKL,

2. BFBBEELIMOBREOERHNCoE, BER
ZDOHIIOYEDOXLES D LB Z D&, D,
BLLABIE, YOaFTCrkRdnikl, ¥,
BRENOBRCLIEL, L0 3 A%ERTGRY D
DHEEREINL L,

(3) HM@BEoEHE

FEEEXIN S XEKIL, TList of Subjects and

Activities] £ WS WHIZHBDEZRD Y X b ETHWN

SREHBOBHIND,

1. Htze (Research)

Physical Oceanography (marine physics % .5 < ¥5)

Air-sea interaction

Chemical Oceanography (geochemical ¥ X ¢X bio-
chemical D7 27 P&.5< Te)

(50)



Marine Geology and Geophysics

Marine Biology (fishery biology #.5< ¥¢)

Ocean Engineering (Ocean IR 2D 3 D DF|
FIcBA#E T 2555 L X development % 5. < 3¢ :
data systems, materials, instruments, J&E% %
< s tools, #E7KME X UMD unconventional 7
ocean vehicles, platform, buoys, undersea
laboratories and habitats 5 &)

2. V=Y BLUEAK Y- RD#E#E
(Surveying and Provision of Public Services)
Nautical Charting (B &5 % — ¥ = 1 &5 < 1)
Position Fixing Systems and Related Navigation

Services GAED 71 B X XTI EIRE L)

Monitoring and Forecasting of physical condi-
tions of the ocean (B& & % weather and sea-
ice parameters % .5 < Ip)

Monitoring and Forecasting of Pollutants (#tt
R LT

Exploration, Monitoring and Forecasting of Fish
Stocks (RHEX DM 5 < T5)

Submarine geological and geophysical survey

Maintenance and Modification of Charts and
Channels

3. BRICEDOEFRERONMA
Harvesting of Biological Resources (%D %FE%

511

Extraction of Mineral Resources ((a) ¥ X of
A&, (b) WER LT oMo, (o) fresh
water D45 #E% 5 < LHEKS 5D chemical re-
covery #.5< ¥5)

Derivation of Power (current, tidal, thermal or
wave energy DEj1L%E 5<15)

Waste Disposal (BN d0L LrbELd0%
ENE1y)

Transport and Communication (V¥4 7514 V,
FYR, TR L CEKRE LSS, BLE
BT EBR <)

Recreation (0 %.5<35)

V. UN Z8BEUR—-PFOTI MY

XXkt S5, UN #EHBRER, T0) R~
% 1968 £ UN AL 23 SHICIEHT5 T ENEHF
NTn5b, DY #— + OE—H23E I UN BLRE
() HHEETEL0THY, FOTY FI4 VYREK

b2 277

LB TERI N, Thbb, +— ¥4 BT 58
THd, RDBYThHD,
B— YR L CEEEMROY — Y A
Fo®
B1E HROWRICZOGFICEET SHEOR
FHMBROEE, BRICLOEFROMIES X OF
FC BB 2 BE O T O BLEL
F2E WE¥S L OCEERMc oW TONEE O
B
HIE BEYRLCHEEINCOVWTOZEBER LT
EE
HAE EEBEOEER L CHEIER
w58 EBHAOOHADMELOWTHBR<bhER
3

VI. fEROFE

Smashie, HEELEERETHIEROZITH
FeaBr0 b, BROFEYHHEL L, TOMHE
UN #HBRE ) £— P ROB—FL, ThHBBDIEE
MREBL D, 1967 4F 10 A 1HEFCREE ML I EH
B TRAF 22— ECHT HEENSEINTER
XRBCERTFEINTND, T, 1967 4 12 B+
S READEMER CERBECEAIN, 196841
AXFcloar vt REHIND,

1968 £ 2 Blr i = o — =3 — 2 THMIN B ~ & UN
BRIV — FEIELSEE, Tk finalize L, 22D
UN #HBEBEY #— FOFEZWe /r <& MEF) (UN
Baps QO EHICHIGT ) 2BERT I EARTEIR
5, BMIEALOBKRER, LTLIHF—EKEDEN
LE—TRAWE &% UN BHRAIRESERL, TO
BAEOVWTREABK TSN B RPN HEKBL
Yo BIEILED > TOE—ELAETHY, SHOEE
CIEUeDIE, BEFROFEELEE TEET S &H
EKLTOZETHBEEVIDREDERTH -k UN
HERROBNERICES, Bkic, TEERORE
SRECEASDEMBICONWTREMBBEINLTH
BNEWIREND 7] T —RABRELL. 5L
UNHBRAOBEOERAHLIZND Z LIIKHET
HH5, BROEE»LOET I, FMEEME, UN
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TEIKOKU SANSO K.K.

(Filiale de L’AIR LIQUIDE, Paris)

Ses 23 Usines, 23 Agences et Bureaux de vente, 22 filiales,
100 distributeurs produisent et distribuent:

Gaz Industriels: Oxygéne, Azote, Acétyléne dissous, Argon,

Néon, Hélium, Xénon, Krypton, Propane, Butane.
Matériels et produits pour la soudure
Installations de séparation et de purification de gaz i basse
température

Son Département Développement représente au Japon les procédés
de nombreuses sociétés, entre autres,

L’AIR LIQUIDE

Société Chimique de la GRANDE PAROISSE

Société d’Electro-chimie, d’Electro-métallurgie et des Aciéries
électriques d’'UGINE

Compagnie de Filage des Métaux et des Joints Curty (CEFILAC)
Compagnie PECHINEY-SAINT-GOBAIN '
Compagnie SAINT-GOBAIN NUCLEAIRE

Compagnie de Produits Chimiques et Electro-métallurgiques PECHINEY
Société KLEBER-COLOMBES

Le Méthane Liquide

Société des Tres Basses Températures

Société PRAT-DANIEL

Institut Frangais du Pétrole

Compagnie Générale de Télégraphie Sans Fil

Compagnie des Compteurs

Société POCLAIN

Société HISPANO-SUIZA

Société NADELLA

Société GURY

Société HYDRO-MECA

Société de Forgeage de Rive de Gier

ete. etc....

22/1 Takamatsu-cho, Hyogo-ku, Kobe, Japan
P. O. BOX No. 522, KOBE PORT JAPAN
(Siége Légal: Nihon Gas Kyokai Bldg. 38, Kotohira-cho. Shibu,)
Minato-ku, Tokyo, Japan




AN 2y T
BUARBITIEEER T 06, BRIRKZEERAO THFEOLIE R L,
BERRICEEE L4,
K)=Fry, 7rIBEHEIIRBEELETT,

AUy ay g
i, WA, FTIAE L CTHER I AEEELIEEHORT Ry — Y ~
7T,

FY 9799 R

Vv 2z 2ERGTEL, BEXY) v—%7v v FLAVE, BHHED
— 9y 7Y \yﬂxf‘j‘o

REIMEKEX£S

FTH LR 2, 4-7-1 TEL (542) 3361 (£%)

A773 217

aqua-lung @

.. A

IO~ 30T

N
|
. % ¥
2 +

o BHIRNT 27 7 rHE X

. « 7 — F - f§< Jk H.

n 4 =
©) n v # 2 O BETE, KP@EE, Em, K B% KEE
BIKRFETE S5 0 K R IC B I L AR A R4 KR

e FA MY Yy —UARAFY T AWKIB
BE QTR s BRIBHE AR X & e S A3
7 —h—#&KE

727 v rHIEIPER

KAEED ZKIRISLETOTIRAT I W
e TV Iy IHERETER
HRET 275V /7SR~ 1288

R 5T mmtems

BEAT7 V775 5H%RE%
NMEER EMHAH1I D503 3 HFEEN HEHMERNYEWE6 N134 4 ES HOMFEHEERELAI2 201
W A [ (74) 8907 (EBASRIRAIR €L —F) MEEEH (FEBRERRHEN)
EEREREN LEBRHPIXELE 301 a5 HOL (918) 6526 (ft %) Wik WA (67) 5501 (K{LH)
iR ZEE@GBMS5016




BT D

—_—

12,000, DFEEIH B

BRI 24H L 12, 000m
ETOWRMBEAEE IS, »oEkEH
R-RETAEETT. AFE0Z
PERBOBRT — 5 DI ERIEE L
THHH TE 35 C¥, #5ic
F—-E ﬁ“ﬁmmﬁﬂﬁ‘%t LT
OFERICER L kL L. ik
AERA T x $ 4,

4% & Feature

BRBEETER;

PRECISION ECHO SOUNDER
FOR DEEP SEA RESEARCH

12, 000 meters below the sea surface can be sounded
with a good accuracy.

E#(P.D.R.)

This. equipment is for sounding
sea bottom as deep as 12,000
meters from a marine research
ship with very high accuracy.

It has various ranges of scale;
however, the scale range is
automatically shifted from one
to another with the sudden cha-
nge of depth. The recorder
is so designed that it can co-
work with other equipments for
recording various kinds of data.
especially with sonar pinger.
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0~1,000. 0~6,000, 0~12,000m» 711V

FAHE ) DES L 486mm DELREL K £ B AL
FEEARIIa LY —L s S A I £

S

BRBEE T RS

DIEFRFEIZ 7

PREC%IbN ECHO SOUNDER
FOR SHALLOW

for surveying shallow sea, harbors,
lakes, dathes, rivers.

xRN S L%

I

2)

3)

4)
5)

6)

The special transmitting system and the ma-
gnification of range scale enable the operator
to take direct reading from the record.

The self contained crystal watch improves
the accuracy of recording.

The recording device has three ranges, 0 to
1, 006 meters, 0 to 6,000 meters, and Oto
12,000 meters. Their full range scales make
reading of the change of depth easy.
Multiple number of recorders can be opera-
ted in parallel.

486 mm width dry type recording paper is
adopted, which makes reading easy.

The transmitter and the receiver can be
installed in consol or in seperated areasas
desired.
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MARINE INSTRUMENTS CO.,LTD.

1-19 KANDA NISHIKI-CHO, CHIYODA-KU, TOKYO.
CABLE ADDRESS “MARINEINSTRU" TOKYO
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Koden Radio Navigation Instruments

Radio Direction Finder
Loran Receiver

Echo Sounder

Fish Finder

Facsimile Receiver

Morse Teletype Converter
Morse Code Selector

O Koden Eloctionios Co. L1,

10-45, Kamiosaki 2-chome, Shinagawa-ku, Tokyo, Japan

Bearing Indication of Radio Direction finder

Tel: Tokyo 441-1131

Cable Address: "KOELEC TOKYO"
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Direct-Reading Current Meter

e VE 2

Products :

ET-5 : Electric Meter of Water
Temperature
Catalogues are to be sent immediately ECT-5 : Salinity Detector

upon receipt of your order.

WE-2 : Pressure Type Wave Gauge

TOHO DENTAN CO.,LTD.

Office : 1-309, Kugayama, Suginami-ku, Tokyo Tel. Tokyo (334)3451~3

iasisigio

Protected

Unprotected

Patented parallax-free back scale, opal glass
back sheath enable precise measurements.
Write for details

Y g hy S Standard Thermometer
K 5 . )[OShan Kélkl CO. Precise Thermometer
1-14, NISHIGAHARA KITA-KU Mercury Barometer
TOKYO JAPAN Hydrometer
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AuTO-LAB INDUCTIVE SALINOMETER
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