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A PRELIMINARY REPORT ON THE USE OF
PLASTIC BOBBINS AND OVAL-SHAPED
OTTER BOARDS FOR TRAWLING
OPERATIONS IN THE WESTERN
VISAYAN SEA WITH THE AID
OF ECHO SOUNDER

By
VITALIANO B. ENCINA*

Bureau of Fisheries

ABSTRACT

This report seeks to enlighten commercial traw! fishermen
on modern fishing techniques involved in trawling on rough
and irregular sea bottoms. It is the author's cbservation that
only chartered irregular features of the sea boftom are com-
mercially exploited by Muro-Ami and handline fishermen while
the unchartered features of the sea bottom remain virgin grounds
waiting for exploitation by commercial fishermen using echo
sounders.  The author used twy tvpes of trawl ncis in this fish-
ing experiment to study the adaptability of bobbins and oval-
shaped boards for each type of trawling on irregular sea bottom
under Philippine conditions. The Western Visavan fishing ground
is described in detail. Trawling positions made by M/V Lapu-
Lapu are indicated as well as the quantity of catch and ils com-
position. The necessity and principle of echo sounding and its
role in the Western Visayan Sea fishing operations are discussed.
Echo sounding of the trawled arca is roughly interpreted and
presented in echograms. Based on the data available, it was con-
cluded that the oval-shaped otter boards is the most appro-
priate otter board for rigging with any design of trawl net
intended for trawling in rough and rugged sea bottom.

INTRODUCTION

The development of otter trawl fishing in the Philippines be-
came a success after World War II. As a result of the successful

* Supervising  Fishery Technologist, Deep-Sea Fishing Demonstration
Division.
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development of the trawl fishery, the number of trawlers have tremen-
dously increased every year so that they have become the predominant
fishing outfits for catching demersal fishes. Trawling operations were
mostly limited to the flat bottoms of bays, gulls and shallow open
seas because a large portion of the continental shelf is charac-
terized by irregular bottom features which make such areas ditticult
for trawling operations. Since these shallow flat grounds were sub-
jected to heavy exploitation by hundreds of trawlers from the Visavan
Islands and Luzon Island, there was a continuous fluctuation in the
amount of catch and even the apparent depletion of these grounds
may be traced to ovetfishing. Consequently, the trawlers had to shift
their operations into deeper flat grounds while others had to de-
vise means to exploit various configurations of the sea bottom,

The marginal lines of islands and islets submerged under shallow
.waters and slopes seaward to a maximum depth of about 200 merers
are geologically called the continental shelves, The continental shelf
of the Philippine is, in general, rather narrow and the water with a
depth of 100 fathoms or less are quite limited. The continental shelf
is extremely abundant in aquatic life and the bottom topography is
highly diversified. Tt contains underwater mountains known as sca-
mounts and ridges: volcanic cones, singly, in groups and in rows:
plateaus, plains oval and elongated basins, canyons and gorges, and
other varied features. These irregular submatine features are covered
by soft corals and marine sediments such as clay, silt, sand and ac-
cumulations of the skeletons of microscopic organisms. These are
the feeding grounds and habitat of the different demersal specics of
fish.

The acquisition of oval-shaped otter boards and plastic bekhins
by the UNDP/Decp-Sea Fisking Development Project in 1968 made
it possible for the M/V Lapu-Lapu of the Philippine Fisheries (m.
mission (now Bureau of Fisheties and Aquatic Resources), to conduct
experimental trawling on rough and irregular features of the sea bot-
tom.  The ovalshaped boards were tested in sandy grounds, Afier
the initial trial, the boards were seldom used for regular trawling
operations until the writer used them  for trawling operations in
Western Visayan Sea in October 1970.

Trawling on rough and irregular sea bottom with a traw! net
rigged with oval-shaped boards and bobbins can he successful only if
aided by a sensitive acoustical apparatus that will provide advance
information on the conditions of the sea floor. The echo sounder
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apparatus, commercially named fish finder, contributed so much to
the success of the operation described here,

WESTERN VISAYAN SEA FISHING GROUND

. Warfel and Manacop ( 1948), described the Western Visayan Sea
.( Fig. 1) as having an average depth of 15 fathoms, and the bottom

condudted two successful drags in the area, while the third and
fourth drags always fouled out and the cod-end of the net was badly
torn by corals. However, in the entire survey of 24 trawling grounds
in the Philippines made by M/V THEODORE N. GILL, the Western
Visayan Sea area has the second highest rate of carch per hour per
fishing ground (Table 1.)

Contrary to the shallow depth operations made by the M/V
THEODORE N. GILL, this writer conducted the trawling operations
at various depths ranging from 20 meters to 70 meters, characterized
by varied bottom configurations.

Operation: were conducted in selected areas around Jintotolo
Channel and the Northeast of Gigantes Islands (Fig. 2) because
these areas are adjacent to the muddy and sandy flat grounds com-
monly trawled by commercial fishermen. There were reports that
some commercial trawlers were operating in the area with the use
of rubber or wooden bobbins. This report was confirmed when 2
large steel trawler rigged with side traw] net passed us by while this
writer was supervising the operation.

VESSEL AND EQUIPMENT

The vessel utilized in the exploration was the M/V Lapu-Lapu
(Fig. 3), a 13958 gross-ton steel trawler with an overall length
of 90.20 feet; breadth, 20.70 feet; depth 8.85 feet. The vessel is
propelled by a 450 hp. full diesel engine. A 30 KW -generating
unit is coupled to a 45 h.p. auxilliary engine to supply the electric
power requirement of the vessel, It has also a 3 KvA dynamo-
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H . ge = ~gn s fae The vessel has a 10-ton capacity refrigerating unit, sufficient to
‘;E - E 9 o g preserve the freshness of fish inside the 64.53 cubic meter fish hold.
""Ef & The vessel has a combination mechanical winch unit capable of pull-
G o | I S - ing a 10-ton net resistance. The minimum trawling speed of the
i “.:E“ i vessel can be adjusted to about 2.5 knots. The vessel service speed
o} :
gi; g 0 822 3 4 o5 2 82 R g §;§ is 10 knots.
L8 b
S . NAVIGATIONAL ELECTRONIC APPARATUS AND
E T | COMMUNICATION SYSTEM
-; .:'E ) -% o il an @ smws sl The M/V Lapu-Lapu has its own magnetic compass for naviga-
E 2ea | i we = tion. In addition, the vessel is equipped with modern electronic ap-
o 2 ] paratus for navigation and communication. The Marine Radar could
.&";L fo Joom sy e e onim S8 R mEReR mES mmE AR EEET be used for detecting objects on the water surface within 45 miles
% ) radius from the vessel. It is also used for plotting the ship’s posi-
E‘-ﬁ n, ~|8 voe kg tic;n within 45 miles radius from land. The vessel is also equipped
35 EE:E g R gSRE Rﬁ‘ﬁﬂﬂgﬁﬁ‘é'ﬁﬁ“%?%ﬁ%nﬂ‘ﬁ- w;w{ with Lora}n apparatLEs,and l.bladlo Direction Finder .used for plotting
20 "ggﬁ = ol R and locating the ship’s position a hundred sea miles away from a
=8 o T Il o e o 0 T R T R W B W e eser: | Loran or Radio Station on land.
5% The vessel has two types of communications system consisting
gl.".‘.' Y of (1) 50 kilo Hertz Single Side Band voice radio for direct com-
= o 31a munication and (1) 100 kilo Hertz Wireless Radio for transmitting
57 sESd|8 n wgm™ AR T ESE YRS AR and receiving coded messages from ship to ship to land based radi
Bg |EEBEIZ Y TR 3 : : g . St ; o
=8 TRAN™ stations. The wireless radio also transmits and receives daily weather
® o e I i forecast of the general weather condition for the next twenty four
o ~ hours.
ST
a
gg :;E":') E RE8AMR R W 0 NgW &‘gg 2 ﬁﬁ THE FISHING GEAR
@ E. 88 " - - Two types of trawl gear of foreign design were selected for alter-
- kit R SR nate trawling operations in the Western Visayan Sea.
E a) The Sputnik type (Fig. 4) trawl net_is a Norwegian original
& o design. Gear technicians of the Bureau of Fisheries have made some
2 =d 3 r slight changes in the length of the foot and float ropes, which were
g5 ﬁggg‘_ﬁ?g’; ?::j!: ~ ;ﬂ:ﬁ@;ﬁh e increased by two meters than the original measurement. The netting
. %%%E%EE 888558~ £%,8 LEEEE i material and mesh sizes_ of the. modified trawl net is indt'aed similar
“ BEHGHEASRTE ﬁ%ﬁ%ﬁgﬁﬁggé’é E‘f’fg u to the original Norwegian design except the length portion of the
“ ggéféa g.f‘;é’ a4 :::5“§§§§§§: ggﬁé o ‘ .b) Thef Granton type (flg. 5) is another trawl gear, of !Enghsh
@ iﬂ'.“éﬁgg%:g E*SE'E%‘;%ELEEEE g%’;ggg 8 original design and construction. The toot rope of the gear is 36.6
§EIEREAREESANRIEERE SRR hEE
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meters long or about .07% shorter than the foot rope of the modified
Sputnik type traw! net.

The two tvpes of trawl gear are commonly used by Norwegian
and English trawl fishermen on all trawlable grounds in the North
Sea. The two types of trawl nets were simultaneously rigged with
ovalshaped otter boards and plastic bobbins assembly to test the
gears and accessories for adaprability on irregular bottom trawling
operations under Philippine fishing conditions.

THE BOBBINS ASSEMBLY

The bobbins assembly (Fig. 6) is an essentia] accessory of a
trawl net when trawling on irregular sea bottom, A roller or bob-
bin may be made of wood, iron, rubber or any hard-wearing
material. The bobbin could be made into various shapes, principally
round, disc or spherical. They are designed to roll over the rugoed
or irregular sea bottom. The bobbins used in the operations were
spherically shaped, hollow and were made of hard plastic material,

The bobbins assembly consists of a 135 feet long bobbin wire
with a diameter of about 3/8 of an inch, divided into three sections,
One section is a 65 feet long bobbin wire rope roved through 17
pieces of plastic bobbins, each having a diameter of 12 inches, The
other two bobbin wire sections, 35 feet long each, are roved through
13 pieces of smaller plastic bobbins each having a diameter of 6
inches. The distance between bobbins is 25 inches and the space
in-between bobbing is maintained by a series of disc-shaped rubber
spacers about 2 inches in diamerer by one inch thick,

The large plastic bobbins, 16 inckes in diameter, is attached
to both ends of the Jower wing ground rope to act as absorber for
rough or protruding objects that the lower wing tip may encounter
while the ner is being dragged. The thickness of the four sizes of
bobbins is 115 inch. In cach bobbin, there are eight holes. Six of
these holes are equidistantly drilled to serve as intake opening of
water and sea bottom sediments, The weight of the rolling bobbins
is controlled by the volume of water and sediments it contains, The
other holes which are bigger in diameter are provided for the hard
plastic ferrule fittingly countersunk to prevent the wire from directly
wearing away the bobbin and enlarging the hole.

The three sections of the bobbins assembly are linked to each
cther by thimbles and shackles. The bobbins assembly is in turn
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attached to the foot rope by a linking chain, 8 inches long, equally
distributed throughout the length of the bobbin wire. The space
provided by the linking chai.: permits the plastic bobbins to rol
smoothly over the ground as tle trawl gear is dragged by the vessel.

OVAL-sHAPED BOARD

The angle of attack of plain otter boards and other hydrodynamic
problems encountered in trawling have led to the improvement in
the shape and design of otter boards. The hooking up and breaking
of transatlantic communication cubles by plain otter boards or trawlers
is another problem that led to the change of the design of otter
boards which would ride taore easily over cables.

There are also other types of hydrodynamically shaped otter doors
like the Larsen Wingdoor, the Sukerkrub hydrofoil type boards and
other radical designs that may also ride more easily over cables. Per-
haps the Russians were the first to design the oval-shaped otter boards,
Treschev, a Russian fishing gear specialist, reported that the Soviet
trawling fleet uses oval-shaped otter boards. He said that this type
of board which does not cut so deenly into the bottom, is mare
durable, relatively light in weight and has 19 percent greater spread-
ing force than the rectangular boards. Kristjonsson (FAO) reported
th‘at one-boat trawlers in Japan all used curved otter boards of the
Suketkrub type which are now built of steel but formerly have becn
of steel and wood.

The introduction of oval-shaped type otter boards (Fig. 7) in
the Philippines made it possible for this writer to utilize these tvpes
of boards for trawling in irregular features of the sea floor. It _}ms
gained popularity in the Visayas particularly in the pruvincs:s of Qc-
cidental Negros and Iloilo. The number of trawlers using these
types of boards is increasing.

THE ECHO SOUNDER

The echo sounder (Fig. 8), commercially called fish finder, is an
acoustical apparatus, the major component of which is the voice box,
which is made of quarts, nickle or barium titanate. It is called a
transducer (transmitter, oscilator or projector). When it is shocked
with a strong electric current discharge it expands quickly for a
short time, then, a pressure wave is transmitted through the water.
When this happens the paper record (echo chart) is marked at one
side with a “transmission mark”, The pressure wave or sound wave
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mining the marketing values of the fish catch, the author reassorteq
each species by size group,

ECHO SOUNDING RESULTS

For purposes of uniformity, the sensitivity knob of the fish

Position throughout the operation, so that any trace of echo close to
the seabed margin could be differentiated from each other by the
white line effect. The draft of the vessel was added to the echo
sounding depth o obtain the trye depth of the areq. The engine

level and vice versa. Two groups of dense echo trace presumed to
be small compact fish shoal with a tendency to rise js visibly close
to the seabed, To the left and right side of the two dense echo
traces are light dense eche traces which are presumed to be scattering
groups of small fishes cloge to the seabed,
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After three hours of dragging, the net was hauled. .The cat:::ll
was composed of small and medium-sized slipmouths with a to
weight of 420 kilograms. f

Fig. 10 shows the bottom topography four miles (?ff nm:theash.l*..u 3
Zapato Minor Island up to four miles southeast off Ju;tot?lo”Is th
The echo sounding of the area at a point latitude 11°41°00" nor
and longitude 123°02°00” east ranges from 63_ meters to 58 ;nctt'ars
deep. It becomes shallower toward the direction soytheast o_f ]m;
totolo Island. From 58 meters deep, a rou.gl'f and hilly elevation o©
varied height was encountered by the net untﬂ:t \,vas"hauledfat a %:illm
latitude 11°48°00” north and longitude 123°11°00" east four mules
off southeast of Jintotolo Island.

The echogram of the seabed was characterized by ‘sof}tl‘lsantiy
bottom as indicated by the narrow uniform dark traces w I;e fe
traces of the hilly-rough elevation was rocky and. covergd ydscl)a t
coral as indicated by the numerous soft coral specimen gathered by

the net.

A continuous layer of echo traces of varying denseness bé}llow
8 meters {rom the surface were presumed to be_ scattered smaII] Flbd?;‘
Echo traces close to the seabed and in the mld—‘water leve.l also Tll-] .
fered in denseness which indicated the scattering behal:r}our. ;cg
groups of dense echo traces are probably the echo of bigger siz

tishes.

The catch yield are big red snappers, parrot fishes, groupersd an(;
big cuttlefishes. However, the dominant catch was  compose llio
smallsized species of memipterus caranx and priacauthys totalling
70.5 kilograms.

Fig. 11 shows the echogram of the Sf-:abed 4.3 mile? off South;
east of Jintotolo Island toward a direction eight miles off Northwest -0‘
Gigantes Island. The seuting of the net started from the deeper ?Iflela
of 68 meters deep and dragged up againt the gradual' slope. e
depth decreased as the vessel approached 26 meters high seamount
whose flat top was 18 meters below the water surface. fIlt1 was u;
teresting to note that the bobbin rigged trawl net successtully passe
over the plateau of the seamount without damaging the net.

The topography of the seabed is differentiated by four types
of bottom features, namely; soft sandy bottom area, hard sandy rough
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bottom area, a rocky irregular bottom and a seamount. The top
of the seamount was partly rough, probably rocky as indicated by
wide traces similar to rocky irregular bottom. The area on the left
of the echogram was a rough bottom probably composed of hard sand
as indicated by the echo trace of the seabed margin. On the right
side of the seamount was a gentle flat ground whose soft sandy seabed
margin was characterized by a narrower echo trace which was ver

distinct from other echo traces in the echogram. :

Echo trace layers of varied denseness were horizontally scattered
7 meters below the water surface down to the mid-water level, The
echo traces recorded were presumed to be small fishes. A small dense
echo trace spot very close to the seabed was visible to the left and
farther right side of the seamount.

When the net was hauled, the catch was composed of big and
small-sized groupers, parrot tishes, snappers, etc. Other fishes caught
were slipmouths, nemipterids, squids, cuttlefishes, drepanes, etc, The
total catch weighed 210 kilograms.

The seabed topography two miles northeast off Gigantes Island
toward a point four miles East off Gigantes Island is shown in Fig. 12.

The average depth on the area was about 28 meters. The echo-
gram showed a very rough bottom and irregular features which were
covered by a large quantity of soft corals gathered by the trawl net.

It was deduced from the echogram that the uniform wide trace
throughout the area strongly demonstrated that the transmission of
sound waves as it hit rough or rocky bottom reverberated with strong
echo reflections to produce thicker echo trace of the seabed. Other-
wise, the echo trace would have been narrower if the transmission of
sound waves were weaker to produce a thinner trace. The second
or third echo might have been recorded from the bottom when echo
sounding was conducted in shallow waters as shown in this echogram.
This was the case because in shallow waters, the sound waves after
bhaving been reflected from the bortom back to the vessel, were reflecte.]
down again by the sea surface, thus, producing a second or third echo.,

The dense trace believed to be tiny swimming animals seemed to
be equally distributed on the summit of the seamounts. When the
net was hauled the total weight of fish caught was 229.5 kilograms.
Parrot fishes dominated the catch with 111.0 kg followed by trigger
fishes, drepane, groupers, and the rest, assorted fishes,
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Figure 13 shows the seabed topography 3 miles northwest off
Sicogon Island toward a direction 9 miles southwest off Gigantes
Island. The water depth was about 15 meters when the net was set
on top of the seamount. The elevation sloped gradually to a soft
bottom area 28 meters deep then gradually rising up to an elevation
of about 15 meters deep from the surface. The shallowest depth in
the area was 5 meters. From this depth, the elevation sloped abruptly
toward a couple of low-elevated features characterized by rough bottom.

The thick echo trace of the seabed margin and the second echo
registered below the seabed showed that the area was rough. The
irregularity of the bottom indicated the characteristic of the ground.
On the top of the seamount where the net was ser, the echo trace
scemed to adhere to each other closely to the seabed. On the other
hand, the numerous spots of echo traces visible on the rugged or
rough area which were dense, either singly or in groups, were per-
haps fish echo traces which seemed to be active and going up.

When the net was hauled, the dominant catch were slipmouth,
therapon, parrot fishes, groupers, and snappers. The total weight of
fish caught was 232.0 kilograms.

The seabed topogrophy of an area 12 miles northeast off Gigan-
tes Island toward a point 7 miles off northeast of North Gigantes
Island is shown in Fig. 14. The depth of the area was about 58 to
78 meters. The seabed was somewhat rough but mostly covered
by sticky mud or hard sand as indicated by the echo trace thickness
and the scattered second echo reflection.

Six meters below the surface was a scattering layer of echo traces
of varied densities which are most probably associated with plankton
animals, while the scattered echo traces discriminated by the white
line effect were small animals, perhaps fishes swimming in small
groups above the seabed.

When the net was hauled, the catch was composed of slip-
mouth, small groupers, sea catfishes, sea bass, etc. The total weight
of fishes caught was 108.5 kilograms.

Fig. 15 shows an inclined bottom topography 13 miles north of
Gigantes Island toward a direction 9 miles off north of Gigantes
Island. The net was set at 33 meters deep and dragged down to a
depth of about 63 meters. The seabed was a hard sandy ground
indicated by the uniform thickness of the trace in the entire area.
The reflection of a second echo throughout the entire area indicated
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its charIacteristic of a common trawling ground in spite of the inclina-
tion. In fact, a couple of trawlers were fishing in the vicinity

On the left side of the echo
L : gram were several plumshape ech
?Chz:ut:lwater whlichbwere probably echo traces of big fishes pA der(:::
race on the bottom was probably a | i ' i
a tendency to rise from the seabed. 74 e il shoal race with

. Oz;) ;he }:ight side of .the echo chart were small traces close to
seabed which were believed to be small fishes with a tendency to

rise from the bottom as jnd;
. indicated by the echo tra
the mid-water layer. ’ e pecorded from

arm?ﬁ;l.:e!;a the net was hauled, the catch was composed of slipmouths,
ﬁz ; f.15;1 es, rays and shark fishes, groupers, red snappers, rastrelligcr,
ard fishes, etc.  The total weight of the catch was 285.5 kilograms,

DISCUSSION AND COMMENT

tl.‘i“‘idl.n ;I'}Le doval-shapfed board rigged to the Sputnik and Granton
i et had a relative advantage over the ordinary trawl board
v ha;ier?n-sqularc-shaped edge for being dangerously free to foul out
o :::311.; ar sea l;ottom.. The oval-shaped board could easily slip
A fou]i:gmo ;)t baer::iu:rrcgflgr t.f:rr;lirll1 of the seabed with less
ause of its oval- i
s.howed that. the oval-shaped orter bo.elfdsS 31_:;('1“2?8‘{3(-)“100135: B o
single operation during the exploration period and therefore, it 1cI:mall:y
concluded that it is the most appropriate otter board for ri’ggino witﬁ

any design of trawl net in ing i
i tended for trawling in rough and rugged

. f.T;rohtypes of 'tr.awl nets in this fishing experiment were used
t mf the a'daptabilfty of bobbin and oval-shaped boards for each
ype of trawling on irregular bottom under Philippine conditions

o li.rgeTI-;i dtw; types of trawl nets used in the exploration were
1 the netting materials used in this i

pensive. The author plans to desi e

: ’ esign a smaller net using cheaper

nlettmg,;1 materials for future exploration of other areas. ObgserVatigns

also s owed- that there were new abrasion marks of

i:n?la;hé in the lower belly and the cod end every time the net
s . . ;

el ::de t.he T;lns l:w'a\s guz to Tg:aggmg friction between the lower

ough seabed. e lower belly and
: ) cod end of the
net which could be openly damaged due to friction, can perhaps, be

the nettings
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shielded by a mat-shaped leather or rubber material to protect the
meshes from raked up corals and other protruding objects on the
scabed. The protecting leather or rubber material would be able to
facilitate smooth dragging while the net is being pulled by the vessel.

3. The echo sounder cannot be ignored in the operation be-
cause it is the underwater eye of the fishermen. Without the echo
sounder, it will be a hit-or-miss operation.  In general, the ef-
ficiency of fishing operation under these conditions does not depend
on the oval-shaped design of otter boards alone; or the rolling bob-
bins accessories, much less on the design and construction of the
trawl net. The accuracy of the operation depends more on the echo-
gram “produced by the echo sounder which gives advance informa-
tion on the conditions of the seabed to guide the fishermen before

the trawl net is dragged in the area.

4. The echograms in some areas showed four relative distribu-
tions of echo traces mamely: (a) 3 to 5 meters below the water
curface; (b) mid-water level; (c) at 6 to 7 meters above the seabed.
and (d) echo traces very close to the seabed. The author believes
that the echoes that were registered at 6 to 7 meters above the sea-
bed could not be covered by the vertical opening of the mouth of
either type of trawl net because the mouth could not perhaps attain
the maximum height of more than six meters due to variation of the
dragging speed of the vessel and the rough and irregular terrain of
the ground, otherwise, each haul per drag would have increased or
even doubled the catch. ‘

The author believed that better and clearer echogram of the
bottom could have been recorded if the transducer of the echo sounder
was 7° to 12° beam angle compared to the transducer used in this
exploration which had a 22° beam angle.
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Fig. 3. M/V Lapu-Lapu (Trawler).

PARTICULARS :

Overall Tength .. o campmisn e
Length between perpendiculars .......
Draft ......... ssminse e S g SRS
Gross Tonnage ......cooveeeunnnnennn
Net Tonnage ...... Sigeice ST S W Sl
Main ‘EOgine ..o o sesonseame saese
Auxiliary ...........
Generating Set ......ccicvneinnnninnn
Refrigerating WNit L. .ovnssieveves i
Fish hold capacity ...........
Freshwater tank capacily ............
Fuel Qil tank capacity ....ce00000n
Tl SPECA  yovmn v vasm d6 Ve aERiEH
Service speed ,...........00....

30.80 meters
27.00 meters
2.50 meters

13958 T

6040 T

450 H.P. (Matsui) diesel
45 H.P. (Yanmar) diesel
32 KVA F =
10 Tons (Genesa Canpressor) 1

64.53 cubic meters

7.83 cubic meters

46.60 cubic meters

10.60 knots

9.00 knots F B
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Fig. 4. Design and specifications of Sputnik type trawl net.
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. The echo-

Elcano Shoal

off Southwest of
th a tendency to rise up from the seabed.

t 3.5 miles

a poin

gram shows two groups of dense echo traces presumed to be a com-

pact fish shoals wi

Fig. 9. A Seabed topography 6 miles off Southwest of Olutaya Island to-
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lar to reflected second echo traces recorded by other

P

echograms.

echogram shows a sandy rough seabed. The echogram shows a
discontinuous light trace of reflected echo trace not very distinct
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