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INTRODUCTICH
The possibility of locating scinocls of fish through echo-soun&iné
machines and of determining the svecles of fish located by the»type
of trace made on the echogram has been the subject of rssearch by a
pumber of investigeters since 1933, 1% is the purpose of this report
to discuss the history and develorment of echo-sounding and to éresent
date ccncerning echo-sounding observations cbtained abcerd the Albatross

g fisheries research vessel of the United States Fish and Wildlife Ser-

vice (fiz. 1).

T
:

111

Figure l.--4lbatross III, = fisheriss reseerch vessel of United States
Fish end Wildlife Ssrvice

HISTCRY CF ECEO-SCUNDERS

The leck of instruments needed to combat the dangers of the sea
whicﬁ imperiled early nevigators have been overcome cne by one, Among
the devices developed to eliminzte these dangers were (1) the chert to
tell the navigstor the best course to follow from one point tc snother,
(2} the compass to enable him to meintain his course, and {3) the
chronomaeter and sextant tc determine his_positicn; Ar asccurste instru-~
ment, however, to determine dentis was greatly needed. As 2 result, the
echo~sounder wes designed and developed to cvercome this preblem.

Before the development of the echo~sounder, the most devendable

instruments used for determining depths were the hand leadline, suitable

dovn to 25 fathoms, and the deep-sea le2dline (which is identical to the

former except that 1t has a heesvier lsad weight). To make relizble

3




ipes WiLH the hend 1eadline, it wes necessary for & ship to reduce

speed as the depth jncreaseds 1n deoths "Deycm.é; 100 fathoms, tnerefoTe,

soundings with the deep—-sesd 1eadline DECEMS veTy gifficult, 12borious, snd

yime consuming.
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with the need of an instrument to determine the derth of water under
5 ship that would be superior tc the leadlins, & number of devices were

designed. Three of these devices were the detachatle-weight type of
| L/ 2f

deep-sea leadline , the Sigsbee Sounding Machine , and the Lord Kelvin
3/

device  for messuring the hydrostatic pressure zt the bottom of the sea

(Submarine Signal Ccmpany, 1845). These devices, however, did not prove

1/ A beavy lead weight attached to a strong line in such o menner that
upon striking the bottom the weight became detached.

2/ The Sigsbee Deep Sea Sounding dMachine consisted of 2 reel of about
1,500 fathoms of pilano wire, a pulley, 2 heisting engine, 2 sounding
rod detacheble weight, a device to regulzte the tension c¢f the wire to
show the instant the weight hit the bottom, and 2 register which showed
the amount of wire run out.

3/ The Lord Kelvin device to measure the hydrostatic pressure was a
tube, closed at one end, which had an inner ccating of silver chromate.
The degree of discoloration of the silver chromate (from salmon to
milky white) was 2 measure of the depth by means of the hydrostatic
pressure (Submarine Signal Compeny, 1945).

to be any great improvement cver the older devices employed, With the
4

first two devices, the ocezn currents would cszuse the lines to sway

from the perpendicular plane, thus causing exaggerated depth recordings.

The Lord Xelvin device was time-consuming and had to make mechanical

contact with the bottom in order to record the hydrostatic pressure,

Investigators continued the search, therefore, for newer devices for

recording depths that would be more accurate and time saving.




plthough investigetors had noticed that sound could be heard wunder

geter, it was not until 1807 that o Frénch vhysicist, Dominique Francois
Jean AT2£0, presented the theory that it might be possible to determine
gepths of water by utilizing the successive production of sound (Adams,
1942), Unfortunately, there was very little progress made with Arago's
proposal, and it was not until 100 years'laterv(1907) that A, F. Eélls
(Adems, 1942) of the United States was issued a patent for s sounding
device based gpon the principles of echo~sounding. These principles,
vasically, consist of measuring the depth oﬁiﬁater by bounc;ng sound
woves off the sea-bottom snd timihg the passage of the sound and the
returning echoes, |

The sinking of the Titanic in April, 1912, caused such investi~
gators as Dr. A. Behm of Germany, Professer R. A. fesseden of the
United States, and others (Adams, 1942), to become interested in design~-
ing and develonhg equipment to detedf icebergs., The experimehts con~
ducted by Professor Fessenden resulted in the development of a powerful
oscillator which could prodgce sound of great intensity in the water,
and an instrument to change scund trzvel time intc distance,

During World Wer I and the yeers that followed -~ the years between
1917 and 1925 -- meny important experiments led to the przctical application
of ecno~-sounding for navigstional purposes. In 1517, Professbz/Langevin

(Adems, 1942) invented the piedoelsctric ultra-sonic projector  which made

—————ein

4 4 projector besed on piezcelesctricity -~ electricity or elsctric polarity
due to oressurs, esvecially in a crystallized sutstance, such as gquartz. |

it possible to use supsrsonic sound weves, and in 1919, soundings were made

in depths azs great as 4,000 meters by the czble siip Charemte. It is thought
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(pat THe first practical application OF echo-sounding was mede by the
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A very:important contribution to echo-sounding was made in 1923 by

/Z pr. Herbert G. Dorsey of the United States (&dams, 1942), who developed
/‘ s visuel~indication device which measured extremely short time intervals,
by which shoal and deep depths could be automatically registered., EHis

application of the red neon discharge tube as a2 visual indicator of the

depth was a great advancement in echo-sounding,

The period since 1925 haes been significant for the refinement of

1
|
|
apparatus and for furthering the development of the theory of acoustics.

INVESTIGATCORS ZMPLOYING ECHO—SOUNDERS;FOR LOCATING FISE SCHOCLS

Since the summer of 1933, vwhen fish were first detected by the use
of echo-sounding, such investigators as Ronald Balls, Oscar Sund, William
C. Hodgson, Ian D. Richardson, Albert L, Tester, J. Renow, P. Tchernia,
Gerhard XKrefft, Priedrich Schuler, Xurt Schubert, and cthers, have been
experimenting with locating schools of fish with echo-sounders and

trying to determine the species by the type of trace recorded on the
5/
Their results have been very encourazging bt have shown also

echogrzm,

5/ =EHchogram (Bcholog) -~ the trace recorded on the paper of the fatho-

meter,

the need for further refinement of equipment and for more intensive stwdy.




In the summer of 1933, Ronald Balls (1948) had his drifter TViolet
and Ros® fitted with the echometer YH 757 and, employing sonic methods,
he begen searching for herring under commercial drifter conditions.
gis conclusions were that this first attempt in commercial sonic fish
goundings wes somewhst of & failure. He hoped, however, that it might
prove helpful in supplying an adequate working knowledge for fu#ﬁre
experiments in using echo~sounding methods to locate fish on = com- .
mercial scale.

In 1935, Oscar Sund (1935), aboard the Yorwegian research vesssl

Johenn Hjort, made the first identified record of cod (Gadus morhua).

It was the first suthentic evidence put forth to show that fish schools
could be located by the recording type of scunders,

In 1943, Albert L. Tester (1943) came to the conclusion that it
was possible to locate herring with echo-sounders with grester efficiency

8/

and speed than with the feeling wire, also, he found that the echo-

5/ The feeling wire, & thin flexible wire with a weight atteched to its
end, is used to determine depths and density of fish schocls by the |
vibrations of the wire.

sounder would show the extent or depth range of the school at a depth in
which the impulses from the wire were muted and indiscernable because of
the vibrations from the wash of the ship.

In 1946, J. Renou and f. Pchernia (1947) conducted a series of four

echo-sounding experiments aboard the French escort vessel Le Grenadisr, s

former Americen sub-chaser (PC 625). The echo-sounding equivpment for
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ECHO SOQUNDING EXPERILRENTS CONDUCTED ABOARD ALBATROSS III

Depth Recorders Used

In Januery 1950, investigators abozrd the Albatross III, a fisheries

research vessel of the United States Fish and Wildlife Service, began
experiments to determine the possibility of locating schools of fish
with echo~sounders snd to investigate the traces characteristic of

each species recorded on the echogram. Two supersonic dewth recorders,

the Bendix Bcho Sounder DR-8 (fig. 2) end the Submarine Signal Fatho-

{ ‘ '
& meter No. 1215, (fig. 2) were used in the experiments.

Figure Z2.~--Bendix Zcho Sounder DR~6

Figure 3.--3ubmarine Signal Pathometer Ne. 1215

The fundamental features of both reccrdsrs are vnrocticelly the same.
Zech has an electricel impulse produced by a keyed elecironic oscillator.
The transducer converts these electrical impulses into supersonic waves
which are beamed %towards the bottom of the sea. At this voint the siylus
(pén) is 2t the zero line and mskes 2 mark on the paper. The supersonic
waves travel dovmward until they strike anything with & density different.
from that of water, such as the bottom, subzerged objects, or merine life.
A portion of the beem is reflected back to the trensducei as an echo., The

transducer is automatically connected to the electronic receiver, which
ammlifies the weak electric impulses generated in the transducer by the
echo and passes it on to the sitylus. Due to the lapse of time, the stylus

is then in a different position and records a depih marik or indications

of submerged objects and marine life on the chert, This prccess if




repeated over and OVer will give & continuous line OB the chart %o
ipdicate tphe vrofile of the bottom and of other objects located in
the are2 petween the pull of the ship end the bottom of the sea

(intermediate area)s

r 32




The 12J0T differenc® petween the two machines is the time rate of
pe recordings o= the chart. The time Tate of the Bendix DR-8 is 30
jnches every hour On the footb scale and O inches €very hour on the

fpthom scale. The Submarine Signal Tethometel No. 1215 has three chart

recording rates which &Te g inches, 18 inches, and 30 inches peT nours
The time rate of the chert is im§crtent, vecause if thisrfaetcn“and the
gpeed of the ship is known, it is possible to estimate the sizemof a “
school of f£ish or the gize of an object on the sea-bed.

The controls of both mechines 2Te ecsentially the same, with the
Submarine Signal FathometeT Yo. 1215 naving one extira feoture, 1e€e»
the red 11lumination deopth 1ndicaltor, which gives flasher recordings
of the depth.' The control panels consist of four controls 1abelled:
Feet-Off—Fathoms, Sensitivity, Illumination Switch, and IndeX Button.

of the four controls, the sensitivity control 18 the mest important
for locating schools of fish and submerzed objects, and for studying
the contouT of the sea-bede Tithout propeT adjustment of the sensitivity
none of the above can pe studied, peczuse & minimem censitivity 2djust-
ment will produce 13ttle oT 10 trace from cbjects 1in the ynyermediate
area and only & faint trace of the cea-bed. A meXimum adjustment of the
sensitivity control will produce tgtrays” (felse jpdications caused OY
electrical pcises 1in the ship OT echo—sonnding eqnipment). mherefoTre,
the optimum adjustment for—the sensitivity pad to e determined for the
fwo machlnes.

On Jamuelry 4, 1850, experiments'were started tO try o establish

an optimum sensitivity adjnstment in order %o operate the machines

effectivelys After 2 fev days, 1t was observed that the pest resulis
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Sampling Methods

To determine the identity of the species resvonsidble for the traces,
it was decided to use (1) the 1~1/2 Icelend otter trewl, (2) the radio-
telephone, and[(S) the hendline., 1In the first place, the 1-1/2 Iceland
otter trawl (an excellent gear for catching ground fish) would furnisi
adequate samples of the fish schocls recorded along the sea-bed. Secondly,
when recording traces of fish schools in an area nssar commerciai fishing
vessels or pafty boats, rsdio~felephone contact with such vessels would
supply information of what fish were being éaught and at what depths.
With this informatién the species being recorded by the echo-scunders
could bs determined. Firally, the handline would provide a'check on the
species being recorded in the intermediate area and would bte useful when
recording traces in an area where there were no pariy boais or commercisl
fishing vessels,

Observations of Fish Schools Made Abosrd Albatross TIT

After determining the optimum sensitivity apnd the causes of faulty
traces, selescting the sampling metkhecds and the paper time rate to be uséd.
and consideripg the location, the season, and the ecclogical conditiocns,
the search for fish scheols was begun.

Over a ten-month pericd, the following speciss were recorded con the

echogrem; scup (Stenotomus chrysovs), menhader (Zrevoortis fyrannus),

croskers (Micropogon undulstus), mackerel (Scomber scombrus), ocesn

perch (rosefish) (Sebastes marinus), sea herring (Clupea herenzus), whiting

or silver hake (Merluccius bilinearis), haddock (lelenccrammus aeglefinus),

cod (Gadus morbuz), and pollack (Pollachius virens).

e




Operating the Albetross IIT off the coast of North Carolins Letween

cepe Patteras andeape Fear during Janusry and Februery 1950, recordings
ond samples of schools of scup, menhaden, and croskers were obteined.
The trzces arpearing to be characteristic of the above species are
described below,
Scup or ﬁorthern~porgy N

Thils trawling approxirzately twenty miles southwest of the’Frying’"
Pan Lightship (latitude 33° 16.5' N., longitude 73° 32.5' ¥.) schools
of scup or morthern porgy were recerded albﬁg the bottom contour. These
schools were sampled with the‘l—l/2 Icel#nd otter trawl gear with rollers,
no tickler chain, and with a liner "in the cod end., In a one-hour tow,
cut of a school covering a distance of three~-fourths of & mile 2nd with
a mean neight of ten feet from the bottem, 6,750 scup weighing 1,578
pounds wesre ceaught. In another one~hour tow, over 2 schecol with é?proxi—
mately the same dimensions, 4,125 scup weighing 920 pounds were caught.

The characteristic trace méde on the echogram by the scup is very
dense throughout; When the scup are feeding on crustaceans, mollusks, '
and some vegetable matter along the sea~ted, the traces recorded show

the same denseness as that of the bottom and are often misteken as being

part of the bottom contowr (fig. 4). When feeding on squid or fish, and

Figure 4,-~Scup or northern porgy schools recorded 20 miles southwest of
Frying Pan Lightship

schooling zbove the sea-bed, the very dense pattern characteristic of

scup is seen vividly.
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In the first tow, 1,899 croakers weighing 450 pounds and 6 black

sea bass (Centrovristes stristus) were caught, The second tow yielded

1,477 croakers weighing 350 pounds znd 1 giant butterfly ray_(Pteronlatea
altavela). The fact that the total croaker catch was 5,376 as comparsd
to the catch of fish of 7 miécellaneous species mekes it relatively
certain that the trace received on the echogram is characterisﬁic of
croalers.

Croakers give a very different type of trace than that of scup
or menhaden. Their traces are characterized by diffuse striations and
appear on the echogram es a picket—fencé would apvear to & person who
waé riding by it inra speeding automobile. The diffuse schocoling
habits of this sgﬁiiés are thought to be so beczuse croakers are a
carnivorous spécies and must school diffusely in order to receive
an adequate food éupply.

Mackerel

While trying to locate fish with echc-sounders, very good traces
were obtalned from mackerel off the coast of New Jersey, ocean perch
(rosefish) in the Gulf of Maine, and whiting, ses herring, and gadoid
fishes {haddock, cod, and pollack) on Georges Bank.

Off the coast of New Jersey, approximeiely 4 miles scuthesst of
Scotland Lightship (latitude 33° 27¢ N.,.longitude 770 44v W), the

echo-sounders recorded traces thet had a dense, striated vattern (fig. 7)

Figure 7.--Mackerel school recorded 4 miles southeast of Scotland
Ligntship

which has been described by Fodgson (1950) as the trace characteristic of
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Ocezn perch (rosefish)

On May 3, 1850, vwhile fishing in the Gulf of Laine with the ocean
perch (rosefish) fleet epproximetely 57 miles southeast of ¥ount Desert
nock and 53 miles socuthwest of Lurcher Sheoals {latitude 43° 11,5% ®,, 7
longitude 67° 23! W.) 2 very dense trace, thought to be charscteristic

of ocean perch, was recorded on the echogram (fig. 8).

Pigure 8.~-~Ccean perch (rosefish) school recorded in Gulf of Maiﬁe

This trace appeared on the echogram as if it had been superimposed on

the bottom's contour with India ink. TUpon sampling the schocl with the

1-1/2 Iceland otter trawl for a half hour (5:20 - 5:50 P.i.), 734 ocean
verch were caugnt as compared to 94 fish of miscellanecus spscies.
Sea herring

The sez herring trzces recorded by the echo-sounders on Georges

Bonk (latitude 41° 22.5' ¥W., longitude 66° 53 ¥W,) are essentially

the same as those described by Hodgson (1950) and other workers (fig. é).

Figure 2,~~Sez herring schcol recorded on Georges Bank

These traces anpear on the echogram as & very diffuse trace irrsspective

of the demsity of the school, These fish were identified by the general

“sigzns", i,e., by noting the presence of gennets (doris bassana) and by

watching the fish bresk the surface of the water.




The experiment was conducted by using z Sperry Spotlight contairing
5 500-wztt light bulb directed towards the surface of the water<from the
{ pridge of the ship, the beam'shining approximately 10 feet off the star-
E board side. The schocl‘was céﬁcentrafed between depths of 40 to 80 feet,
Then the light Was’turn§d~on, the school seemed to heve an immediate
shock reaction ﬁhibh caused it to dis?erse, but the fish slo%i};schooled
agein between 60 and 80 feet and began to riée towards the surfece, Whe#

the lights were turned off for 5 minutes the school seemed to level off

again at about 40 feet. Upon turning the light on again the school rose

still higher than it did in the initial test (fig. 11).

Figare 1l1l.--Effect of light on a fish schoeol

Dr, Krefft and Herr Schubert (1950) made light experiments on herring
and mackerel ﬁsing 100- znd 200-watt light bulbs submerged in the water

¥

at different depths., They observed, using the 1lCU0-watt light buldb sub-

merged just below the ship's hull, that the fish would congregate around

the hull. Upon using the 200-watt light bulb, at the same devth, the

fish congregated 200 meters below the hull of tae ship.
Schuler and Krefft (1851) studieé the effect of light on herring and
mackerel schools with the light suspended Jjust above the surface of the

woter and found that the schools would rise close to the light. With the

light bulb submerged below the surface, the schools sometimes would rise

above the light,

2Y




The Dutch (Rrefft end Schuler, 1951) in 1949 and 1950 experime'nted
with the effeét of light on‘herring schocls using ultra-violet a#d 200~
watt white lamps submerged from 5 to 8 meters telow the surface of’the
wvater. The ultra-violet lemp caused the herring %o swarm or congregate
in about 20 minutes, while the 200-watt lamp caused the school to disperse
and sesk desdper woter. o

The Rﬁssians (Rrefft and Schuler, 1951) used lOO—.and l,OOé;Watt
‘light bulbs on the deck of their research vessel to study the effect of
light on herring schools., Using the lOQ—ﬁatt light bulb, their observations
showed the fish had a tendency to congregate, but when using the 1,000-watt
light bulb the fish dispersed and descended to deeper levels.

Migesllanecus Traces

Sometimes, strange traces are recorded om the echogram that are often

misteken for fish schools. These traces arise from numerous causes (4dams,

1942), Some observations mede aboard the Albatross III showed that o bethy-
thermograph, some Nansen bottles, a wreck, the shooting of the trewl, and
an acid-~wake were recorded dn the echogran.

In January 1950, while collecting hydrographic data at seaz, the acho-
sounders recorded traces of the bathythermograph being lowered. At this
same station Nansen bottles were recorded on the echogram while they were

being used to collect water samples (fig. 12).

Pigure 12,—Echo-sounding traces of bathythermograph and Nansen bottles




Henry Wood and B. B. Parrish (1950) remorted that the echo-sounder
employed in their research had recorded the bathythermograph.

Wnile trawling at latitude 40° 26.5' N., and longitude 69° 46.5' 7.,
12 miles southwest of Nantuckét Lightship, the echo-scunder recorded
what at first appeared to be a school of fish, but which was found suﬁ-
sequently to be a wreck., At that tiﬁe this wreck had not béeg”charted,

and its presence did considerable damage to the traﬁl. The wreck, 48 fest

long was located in 33 to 40 fathoms of water (fig. 13).

)

Figure 1l3.-~Wreck recorded 12 miles southwest of Nantucket Lightship

While collecting data on the effect of the acid-iron waste disposal
at sea and recording directly astern the disposal barge of the Nationazl
Lead Company, goproximately 10-1/2 miles south of Ambrose Lightship, the
echo-sounders recorded the acid-wake which was caused by the disposal éf

ferrous sulphate and sulphuric acid into the sez (fig., 14).

Figure 14.--Acid-wake recorded 10-1/2 miles south of Ambrose Lightship

Another operation common to the catching of fish was frequently

recorded also, i.e., both the setting and the hauling of the trawl net

(fig. 18).

Figure 15.--Shooting the 1-1/2 Iceland ofter trawl




STMMARY AND CONCLUSTIONS
pfter many years of experimentation to develop an instrument tO

measure the depth of wzter undeT a ship, the recording-type echo-
sounding machines were developeds, In 1933, fish were detected by

echo-sounding and since then many investigators have conducted gxperi~ 1
’ -0 |

ments to find out if it were possible to locate and jdentify seﬁools \

of fish by this method.

QObservations mede ebosrd the AlbatrosvaII, a fisheries research

AlBa bVl 222 ==

vessel of the United States Fish and yildlife Service, U0 determine the
possibility of locating and jdentifying fish schools during & ten-month o

period clearly showed tpat fish schools can be located end to & certain

degree jdentified by the use of echo-sounding methods. The extent

of these schools 1in ares and denth can be determined also, HoweveT,

these ooservations showed the need for further refinement of the

apparatus.

Experience has shown that fish schools are located by chance when

the recording-type sounders &8re used, especially in the case of ground-

figh where there are no ngigns® to jpdicete thelT presence. Tishing

for pelagic speclies, however, the visuel indications for the presence

of fish achools are very significant when attempting ©O 1ocate these

schools by the recording—type machine soundinsg methods (Fodgson and

Richardson, 1949).
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Experiments to determine tne effect of light on nelaglc -nd
grgand fish schools heve been conducted'by investigators in various
s tend tO congresgate

contries througho

The pelagic specie

ut the world.
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