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ABSTRACT, A method of measuring the gsometrical parameters

of fish schools &nd their density, ueing hydr oacoustic 2D~

pareatus iz presented, as are the results of measurements of
these parameters for sardine schools along the coast of N,
W‘ Africa,

Introduction

To elaborate effective methods %o evaluate the abundance
of fish stocke, it is first necessary to know somethingz about
fish habite and the character of concentrations formes, This
refers in particular, to pelagic schooling fish, So far, me-
thods have been wmorked out for the evaluation of fish inhabie

. ting the near botiom layers /Cushing 1968, Dowd 1967, Elmino =
wicz 1374, Burcsynski and Wrzesidiski 1974/ and nelagic fiagk
/Craig and Forbes 1969,Dregesund 1970, Smith 1970, Johannes-
son and Losse 1973, Burczyiski et al, 1973/,

svaluaiing stocks of pelagic fish concentrsted

guire further imnrovement, The difficulties which arise when

out such 8 method result from the variety of paramet=-

ers of schools formed by different species of fish, and their

centinuous changes, not to mention the many factors upon which
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these depend.

Thus, to elaborate an sffective method of evaluation of
pelagic fish sftocks using hydreoacocustic appareatus, the parame-
ters of schools, &g wall 8s the characier and exten:t of chan-
ges, should first be measured, after which the most suitable
8pparetus and sveluation msthod should be chosen,

¥essurements of the siza of fish schools for the purpose
of stock wssessment were carried out for the first time in Po-
lend, on the m.t, "Esater™ /Blminowics 1975/. Density of fish
irn schoole hed besn evalusted from control heuls, which gave
rise tc certwin reservations, Aimed trawling snd the catch
capacity of the trawl sra2 essential factore in the esiimation
of figh school densities., The shortcomings in the methods
applied on the m,t, "Kantar" resulted in the sdoptier of an-
other method of evaluating stocke of schooling fish, slimin-
ating the trawl as an instrument used to estimate the demsity
of fish in schools,

The methods of evaluating this density presented here, is
tased on measurements carried out by means of hydroacoustic
appliences, in particular, the geometrical paremeters of fish
schools, using & fish concentration counter /Eiminowiecsz 1970/
and en integretor f{o estimate the density of fish in the eschosls
/Lozow and Suomala 1971, Stepnowski 1974/.

This methods was adopted to measure fish schools during
the III scientific survey cruise by the "Profesor Siedlecki®.
¥easurements of 6,500 sardine schools were made in the K,W.

African grounds between 25 April and 17 July, 1274.




ethod of Measuring Paremeters of Fish Schools

The parameters of fish scheols include those of & zecmet=-
rical character /length, height, volume, vertical section areas
and depth/ and density of fish in the schools, Knowing the
volume and deneify of fish in a school, the rumber of fish cen
be calculated, as can the total biomace - knowing the mean unit
weight of fish, The abundance of & species invesiigated in
&8 given region, can be evaluated on the basis of the hiomasas
of fish in particular scheols, During the r,v, "Profesor Sie-
dlecki®™ III cruise, the following apparatus was used to meas=
ure the paremeters of fish schocls:

= EE-38 /38 kHz/ vertical echo sounder,
- QN-MEII echo integretor,
= 1404 type oscillescope with memory,

= fish conceniration counter,

Pig. 1 gives a block diagram of the hydroacustic eguipment
connections,

The EE=-38 echo sounder output signals are introduced %o
the QM-MKII sacho integrator input for initial nrncaaging, This
consiste in the detection of signals, the elimination of nnise
and interfarence by means of & threshold system, followed hy
the choice of signals originating from the watesr layer soindad,
i.e. from the fish schools observed. After this initial pro-
cessing, the signale are passed to the next blocks of the
QM~MKII echo integretor, the 140A type oscilloscope and fish
concentration counter, The echo signals for each school are
integreted separately and the maximum signal amplitude measured
by the 140A type oscilloscope,




Echosounder
EK-38

Integrator
QM-MKI

Oscilioscope
140 A

Fish concentra-

tion counter

Pig.1. Block disgram of hydroacoustic equipment used %o

measure

fish schools,

The vertical cross section area of the schools and their

length along the ship’s track are measured by the fish concen-

tration counter.

The mean height of the school can be calculated from the

vertical cross section area and length of school along the

ship’s track, and the volume from the shape of the school. The

depth of the school is read from the EE-38 vertical echo sounder

echogrammes.

The results of

measurements carried out for each school sepera-




fely are sntered into a special form,
J P

Methods of Elaporating Results

e

The parameters of schools measured by this method are dis-
torted, This is due %{o the operating principle of the widebesam
acoustic egquipment, including the EK-38 echo sounder., The effect
escho sounder parsmeters have on the measurcments of schools has
been described by Olsen /1969/ and others. The elaboration of
results consists in the calculation of the true paremeters of
schools from the mea&surements, The length, height and volume
of schools are calculated from the formulae given by Elmino=
wicz /1975/.

Calculation of the Demsity of Fish im Schools

Lozow and Suomala /1971/, Hemilton /1973/ and Stepnowski
/1974/ give the following formula relating the target strength
of volume scattering with that of single fish and density of

fiek schools,

TS, = TS + 10 1ogQ /1/

wheres TS5 = target strength of volume scattering /dB/,
TS = target strength of single fish /dB/,
Q = density of fish school /fish/m /.

The formula /1/ is true when 21l the fish are of equal
length, Where fish of different length occur, /different tar=-
get strengths/, and the density of fish changes, the formula
/1/ can be written ae follows:

5, = 78 + 10 log ¢ 72/
In & certain renge of fish dqnsities, formula /2/ can
alsc be applied for fish schools, Multiple reflections in
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schools can be smitted if the mean density of fish and their
mean target sirength satisfy the eguation:
0+ 10 %% s v _z._,
s A

This inequality is not alwaye satisfied for the cperating fre-
quencies of the echo sounders, true lengths ar! denesity of fish,

Measurements of volume scattering target strength &re care
ried out by the integration of echo signals of emsch school sep~
arately,

The mean value of volume scattering target strength can be

expreesed as follows:

TSY = Vo - A+ C /3/

where: TS_ =« mean value of volume scattering target strength
/a8/,
\§ = meanr output signal value corresponding to the
integretor indices for 1 nautical mile /dB/,
A = integretor amplification,

constent depending upon the echo sounder paifisters

o
H

and setting,.
The constant C consists of Cyq and C,, the latter coverines cor=
rections which should be introduced where the setting differs

from the standard, and 01 can be expressed by:
Cq = = SL= VR+/20 log -z, + 2dr /=10 log -5—[ - 10 logy¥ /4/

where: Cy = constant depending upon the echo sounder parameters
/dB/,
SL = source level /dB//1/ublr at & distance of 1 .m/,
VR = receiver response voltage /dB//1YW?o£. 14pbur/,$

S maximum TVG renge, .
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o = absorption coefficient /as/m/,
¢ = speed of sound /m/s/,
{ = pulse length /s/,

¥ = equivalent width of beam /4%/,
4 eource level of SL= + 122,2 dB is attained for an ZK=38 acho
sounder trensmitter with & 1/1 setting, a seceiver response of
TR = + 2,8 dB ie attained for & receiver amplification with a

setting of O 4B, and the factor 20 log T, *+ edr equals

0
+ 64,5 43, The valus of 10 1og—-§-£ for /= 0.6 ms is 3.5 4B.
The rectangular trensducer trensmitter-receiver beam equivalent

width expressed in 4B relative to 1 steradian is obtained from:

2
10 log ¢ = 10 log --—\——— + 7.4 151
! 4/711 1,

where: A = wave length /em./

11,12 = tre&naducer size /cm,/,

15.5
A = 2,95 cn and 10 log @ = 10 log + Tk
4¢3,14245+48

ie obtained for the EE-38 echo sounder TR-3 trensducer.

Therefore:

10 log ¢ = =25 4B

C, will be:

Cq = =122,2 = 4.8 + 64,5 + 3.5 + 25 = =34 dB

As an amplifier amplification of 20 dB is applied, then 02
= +19,5 dB.

Different integretor amplifications were applied during
measurements /depending upon the density of fish concentra-
tions/, but the integration result was normalised to 30 dB,
but waes ten timee greater than the accepted normalisation,




Thus:

TS_ = V. = 44,5 /6/

The value vV, ms read from the gréph giver in the QU-ME II
integrator instructions. In order to re&d the [, the integrator
index fer 1 nautical mile ard the thicknese of the laysr conta=-
ining the fish should be known.

To mea&sure the mean value of volume scattering target
strength of & school, the mean height of the school &nd mean
value of the Vo signal should be calculated, For this purpose,

a Pish Concentretior Counter measurimg the surface areas of
vertical crose sectiones of schools amd their length, was used,

The mean height of & school is calculated from /7/:

4F - e 17/
8

where: 4& = mean height of school /m./,

F = vertical cross section surface area& of & school /mz/,

B_ = length of =choel /m./.

To determime the mear signal value from the greph /presented
in the integretor instructions/, the integrator indices shouid
be standardised to & width egual to 1 nautical mile, Por this,
we 2pply the formula:
I, =1, v 1522 8/
s
where: I, = integrétor indices starndardised for & 1 mile
section /mm/,

= integrator indicee for the echool /mm/.

L
|




With a mean school thickness of 3, and IL' the mean value of
volume scattering target strength is calculated as for the
layers,

To calculate fish density in schools using the formula
/2/, the mean value of the target strength of single fish
should be known, Measurement of target strength of single fish
is by the method presented by Craig and Forbes /1969/ and
Johannesson /19714

Prior to the commencement of measurements, the hydroace
oustic apparatus was calibrated and the graph for direct

read-out of target strength illustreted in Fig.2, was dreawn

up,
=
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Pig.2. Diagram for the direct reading of target strength in
" the echo sounder=-inte ator-oscillosg:se measuring
system /for the EK-38 echo sounder TR-3 transducer/.
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The greph wae drewn in the following menner:
4 test signel giving 0,3 V 8t the integretor "Ciepal™ imput
and with an smplification of G = 20 dB, wes fed from the gen-
eretor te the EE-38 echo sounder input-. This result was ob=
tained for the type 20 log B TVG &nd integrator cperetion in
a E-mét:e layer st & depth of 18 m, % signal of 0,045 V was
obtained &t the E¥-38 echo sounder output.

A terget strength corresponding to 0.3 V can be calcula-
ted for the integretor "Sigznal® cutput as follows:

TS5 = =58 4+ 19.5 = 9.5 = =48 dB.
T™e graph in Pig, 2 is essential for the following data:

= trensmitter 1/1 outout,

= receiver amplificetion - 20 43,

- TR=3 trensducer,

« type 20 log R TVG

- 3=230 m range.
Other echo sounder settings necessitate corrections after the
dete listed in "Ferformance Measurement on Simred Scientific

ounder EE=-38"Y,

[

During the cruise, measuremente of geomeirical paremeters
wera carried out on 2hout 6,500 sardine schools.

The true perameters of schoole were calculeéted on the
El1iett-90% computer installed on board the 2.V, "Profesor
Siedlecki®, by means of the "PELAG" nrogram, Table 1 gives
ar example of print-outs from this progrem, A print-out con=
tains the following ordinel &nd general date intreduced into
the program:
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Table 1
PARAMETRY LAWIC

DATA 20.,05.74 oDz o . 935

POZYCJA 24° 32°N 15° 46°

DANE OGOLNE:

PREDKOSC STATKU VST = S.0

PREDKOSC REJESTRATORA VP = 0.4167

DLUGOSC IMPULSU N = 0.6

NR OSTATNIEJ LAWICY N o= oA

ILOSC LICZONYCH LAWIC K = 23

NFR L HE HC TS TSL GRUB  DLUG JBJEL JBJE

(MM) M) ) (4'h] (DB) ) ™) (M3) (M3)

1 2.0 170 S.0 Neal -29.1 4.1 9.7 198.3 321.¢8
2.0 610 " 280 240, DeR0 8048 ab. 21.3 248.4 403.
3 10.80 °20.0 8.0 0.80 =21.7 © 7.0 S8.0 = 12359.8  20057.3
4. 18 2800 V10 0.10.~36:9 " 041 3.5 Nea 0.
S 45.0  20.0 10.0 1.20 =18+.2 9.0 273.6 352592.4 572179.3
8§ 8.0  23.0 7.0 0.40 -26.5 = 6.0  45.7 6606.3  10720.5
(7 21.0 2.0 0.40 -27.3 1.0 58.7 1890.9 3068+ 4
8 4.0  27.0 6.0 0.90 -18.1 5.0  19.9 1041.9 1539.
PUR T8 I 3RAR 5 10l DB SR 0o 3.3 0.4 B

10 12.0 20.8 Bel D80 =-21.7 7.0 70. 4 18180.56

Ordinal gata

DATL - date,

GODZ - hour,

POZYCJA = position,

Ceneral data

VET =« ship speed,

VP =~ recorder speed /echo sounder/,

TN = pulse length,




HC =

s =

- 12 =

No, of last school,

No., of schools counted,

Data from measurements input to the computer are contiaine
the first five columns of Table 1 and denmote:

consecutiive number of schocl,

school length /mm./,

achool depth /m./,

school height /m./,

maximum amplitude of school echo signal /V/,

The results of calculations a&re cont@ined in columns six te

nine
TSL -
GRUB=-

and denote:
maximur value of "school target strength™ /dB/,
true height of scheol /m./,

DLUG=~ true length of schoel /m./,

CBJE1
OBJE2

betwe
class
gram,
which

compu

- school volume /m3/,

- true volume of school /m3/.

A "SDRT" progrem was compiled to find the dependencies

en school parameters &and the break-down of results inte

er, Table 2 gives an example of print-out from this pro-
Date ir the form of columns of parameters in between
dependencies will be calculated, are introduced to the

texr. The following must be carried out for each cycle of

calculations:

=~ the choice of iwo parameters between which dependencies
are calculated,

= the choice ef class break-down of these parameters,

= the choice of the number of parameter classes,

= the choice of the number of pairs of paremeiers read,

- the choice of & third parameter and range of occurrence




‘13 a

for which the two previously chosen parameters will be
read, :
The results of calculations comprise:
= correiation table,
= percentage table,
- table of the number of values in esch class and their
percentage share in the whole /for two parameters/,
= arithmetic mean of parameter values,
- variances,
-~ standard deviations,
= covariances,
= correlation coefficient,
- regression equation,
The calculation of single fish target strength scattering
is by "TARGET" program, Table 3 gives an example of calculation

orint-oute from this program,

Table. 3.

CALCULATION

14.16.74

1137EL

595 - 598

23410

EK-38

3

7 - 28

T5 S L L-R L=-%X

-43 =40 76 170 48.77 9.26
-4f =37 61 32.4 47.74 17.60
-37 -34 a7 134.7 134.67 73.14
TS SREDNIE = =36.5K

S = pumber of readings,
L -« R - number of fish.
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The "TARGET" progrem print-out contains such ordinal data
as: date, No. of sheet, No. of haul, leg, hour, type of eche
sounder, No. of transducer and depth of integration layer, threes

dB class, number of signels in these classes, number of fish
of different target strengths, percentage share of fish of
different target sirengths 2nd meen value of target sirength,

Results achieved

Mean heights, lengths, vertical cross-section and density
of sa&rdine school®s at different times of dey were calculatsd
by means of "PILAG" and "SCORT" prograns,

The results of calculations are givem as graphs in Pigs,
3,4,5 and 6, The schools sceitered betwaen 21,00 and 04,00 hours,
therefore no meesurements of parameters were conducted for that
period,

it can be seen from the dats givern in the granhs /Pigs,
3,4,5 snd &/, thet sardine schools ai{tain maximum size /height,
length of vertical sectior surface area and vnlume/ betwesn
08,00 and 15,00 hours, the greateet mean height of about 3 m,
occurring between 08,00 and 11,0C house, thies same peri;d &lso
covering the greatest mean values for echool length /about 18m/,
vertical mection ares /24 mz/ end volume /400 23/.

The changes in the volume of schools are very interesting,
The mean volumes of schools change depending upon the time of
day = Pig.€, They are small during the period from 04,00 teo
08.00 hrs and are followed by & substantial increase, This
would seem to indicate the initial formation of =mall echools

which later fuse inte larger omes, The mean volume of schoole




P

- 15 =

rema&ins unchanged during the periecd between 08,00 2nd 15,00
hres, It chenges considerebly between 15,00 and 19,00 hrs,
which would seem teo indicate a bredk-down into smaller schoocls
which become scattered between 19,00 and 21,00 hrs,, when the
volume of schools increased somewhat &s the result of the ini-
tisl phase of the break-down process of schools inte scatiered
layers 8t%ill reckoned as schools,

The ratios ofTintegrator indices %o vertical section area
o the school /-;pg— / may indicate the density of fish in the
school as & whole, This indgx is given in Rig, 7.

The distributien of 1;§- at different times of the day
changes considerably, The ére-teut percentage of high denaitiy
schoole is between 08,CC and 11,00 hras,, that of low density
schools -~ from 13,00 to 21.00 hrs., the mean density of schoecls
forming between C4.00 and 08,00 hrs, being relatively low,
Between 08.00C and 11,00 hrs, the demnsity of schools remains
steble, decreasing later, There is & further drop between
15.00 apé 19,00 hrs,, followed by scatteriag,

Density of fish in schools
In order te calculate the densiiy of fish ia the schools

/formula 1/, measurements of the target sirength of volume
scattering were carried out by recording the imtegrater indices
fer each school and vertical sectiom &rea, as well as all inte-
greator and eche sounder settings. Konwiag the ithickness of
schools and integretor indices, the value of the target strength
of volume scattering was calculated for each school in the same

way as for the layers, The results of measurements of farget
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strength of volume scattering for particular times of day &are
given in Fig.9, and changes in the mean value of target siren-
gth for volume scattering /EEV/ during the day = in Fig.8. The
mean value of the target strength of sardines - 39.5 dB - was
determined from measuremente of the target strength of single
fish, Konwing the values of the target strength of volume
scattering for each mchcol &nd the mean value of target stren-
gth for single fish /sardines/, the density of fish in echools
was celculated from formula 1, The resulis of these calculations
is presented in the form of distribution tables of schools with
different fish densities at differen{ times of day /Pig.10/.
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Table 2b.

TABLICA PROCENTOWA /percentage table/

0 a3 Be2 UGoa 07 0.0 0«0 0.0 6.0 8.0
4 2.077855 " 0.8 BB DD ERDT GRG0 0SS
2. N5 ' B2 gilen iBva @sy S 0e 0 .0 0.0. 0e6
€ 325 BT D2 Be7 BB f«0 G8.56 0.0 OQ.4
2. 8.0 B-4 D.a 7 0.0 0.0 B0e2 G0 0.0
2 3.8 Ued 0.2 045 -850 B 0.2 0.0 054
2 Mel 0s2 B2 89 00 0.2 B0 0.0 0a2
8 2¢0 0+2 Vo6 13 Dol 0e8 0.0 B0 Do4
0 0«6 0€ 0.8 Do s 0.0 g.2 0 1 Ned
e@ 0+2 Mfelt 0a9 0e0 Def 8e2 Be2 DJeod
- .0 0o2 o& e 0s0 Des o0 Ova
. % 0.2 2 0. Ar DBl o2
3 5 «0 +2 - Dot « 08 Box 2
[ . D Gl € 0.0 f.2 f.C 0.0 Je2
o0 5 0.0 0.0 =l et 0. EBe 0 RS
0 . 0.6 G0 0.2 0.0 Des Q.0 0.0 J.a
o878 000, - . . 0eD Ds4
o0 . Ge0 0Ssa B 28" ‘Pall s Do 4

C WARTOSCI W KLASIE DLA DA /table of the

number of values in each clas< and the_r percentage share

in

1
47

the wnols/




Table 2c,.
L3ISC WARIOSCI (LASTE DLA DAMEG =3 /table of the
number of values in each class and their percentage share
in the whole/

A = & 12,15
A 19= 3 « 58
/ar*thmetlc mean of paramecer
values/ X =il 315a 61
/var‘ences/
INCHYLENIE STANDARTOWE DELTAY = 1.99
/standard devia ions/
DE = 1328.53
{ANCJA CXY = 1525485
/ covanances/
JSPOLCZYNNIK KORELACJI R = 3.57731
/correlation eoerficlent/
ANWNANIE PROSTE.) EERESJII Yr= 0.00%X + 1.02

/regression equationj

ST0P
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Fig.3. Diurnal changes in the mean height of sardine schools,
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Fige.8s Diurnal changc;s in the mean walue of target strength
volume scattering of schools,



R -
ot - o i
W S RO : A
le @
E ; : W.M R a8 m R © ;
. g Y .
>l 1
- 2
. (Q e
1 1Y I* : rm
e Vg lilllinL-
ﬁ e .:hlxulsll]l, ¢ ﬁl = _.Ill _,v.w
41'4, - — —— e s e ey —— - — —— i . v]‘M
ﬁl ~— & H e 5.4@
& I _n
W "
ez SO SCY N

k¢

Pig.9. Distribution of target strength of volume scattering

of schools at different times of day.




S =

% * % ‘

201

; "'ﬁ

‘ ! : i

0t 10t

L)
_l, L‘ E__LL_J,_'_ Q(hj__m‘
csuﬁmzwoss‘“asn B os osnzpB0E50 0 om
Time &4-21 Time 4&-8

ﬂ“O‘

20 1

:o]“(_ | K

‘ B |

HITHH]

| HT e
05D 5225303540455 oMb g tm3

me B-11 Jom

'/'o‘ %
253 254 [__
204 20
51 54

— |
191 10 4

i |
S3 b St —-[_‘

, !

{ L | | | L o o [Hish)
050BNBNB0EN QI 05 LEDBINJOE =

Time 1548 m Time 1 -24

Fig. 10, Distribution of fish density in schools at different
times of day.




58
REFERENCES

1. Burczyiski J., Stepnowski 4,, Salamon R,, Martin W.

"i Pish Stock Abundance System Based on Thin
layers and Its Use on Board r,v, "Profesor
Siedlecki"™, Proceedings of ICES/FAC, Symposium
on Acoustic Methods in Fisheries Research,

Bergen, 19-22 June, 13973, Paper No,44,

2. Burcegyiski J., Wrzesiiski O, "Abundance Estimation of Hake on

2.

the Argentinian Shelf" Polish-UNSF High-Seas
Fisheries Research Project., 1974.

Creig R.E. and S,T, Forbes, "A Sonar for Fish Counting",

FiskDir, Skr,Ser, Havunder, 15: 210-219. 1969,

4, Cushing D,H, Direct Estimation of a Fish Population Acous=

5.

6.

e.

Dowd R,.G.

tically., J. Fish.Res.Bd,Canada 25/11, 2349~
2364, 1368,

"An Echo Counting System for Fish Population
acoustically™, FAO Conf. on Fish Behaviour in
Relation to Fishing Technique and Tactics,

FB/67/E7. 1967,

Dow R,G, et al,"A Comparison between Two Sonic Measuring

Dragesund O,

Elminowicz A.

Systems for Demersal Fish", J, Pish.Res,3Bd,
Ceanade, 27, 1970,

"Internaticnal O=Group Fish Surveys in the
Barents Sea 1367-1968", Coop.res.rep.Int,
Conn,Explor,Sea Ser, 4 18: 1=81 1970,

"Licznik Xoncentracji Ryb i jego wykorsystanis
do szacowania zasobdw, Konferencje naukowz:
Aparature oraz metody badar i kontroli procesdw

poXowowych, Cdynia, 197C.




- 26 =

9. Dlminowicz A, "Evaluation of the Riomas of Hake in the

10.

11.

14.

15,

ICSEAF Area by Echo Integration Method.™
Collection of Scientific Papersz, Intermetion
Commission for the Southeast itlantic Pishe
eries. Madrid. 1974,

Elminhwicz A "Size and Density of Mackerel Schools Meass
ured by Eche Sounders and Catches,
ICNAP Res.Doc,75/41. Annual Meeting, 1975.
damilton D, et al.; "A Hydroacoustical Messurement Frogram
to Examine Target Quantification Methoda®,
Int.Coun,Explor,Sea Symposium on Acoustic
Methods in Fish,Res, 1973, No. 20,
Johannesson X,4i,"Target Strength Measursments of Some West

African Pelagic Fishes",Report No.14,
UNDP/SF/FAQ Abidjan. 4973

Johannesson K.Am,losse G.I, "Some Results of Cbserved Ab-
undance Estimations Obtaired in Several
UNDP/FAQ Resource Survey Projecte”,Symposium
on Acoustic Methods in Fisheries Research
Noe«3e 1973.

Lozow J.,E.Suomala J,B.: "The Application of Hydrcacoustic
Methode for Acuatic Biomass lMeasurements™
Charles Stark Drepper lahora&tory Report
R=712, Massachusetis Institute of Technology,
1971,

Olssen "liamal of Methods for Fish Stock Assessment™
Part V., "The Use of Acoustic Instruments in
Pish Abundance”, FAQ Fisheriees Technical
Paper lo,83, Edited by B,B.Parish, FAQ Rome
1969.




F. 1€, Stepnowski .. "inalies i Modsl Echa Hydrolokacyjnego
= 7 Zastosowanin do Szacowania Zasobdw Rybnyehr",

1974, Doc+.r"s Thesis,

17. Smith P.E, "The Horizontal Dimensione and idundance of
Pish Schools in the Upper Mixad layer as
“easured by Sonar", Intarnational symposium
on biological sound scattering in the ocean,

. Virginia, 1970,




