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4BBTRACT

The methods and results of experimental trawl-amcoustic
survey carried out on board the RV "Persey-III" in NAFC Divs;
ZELMNO from 10 March to 4 July 1987 are set forth in the paper.
The estimation of the pelagic compeonent of hydrobiont concentra-
tions by the scoustic method and the bottom one by valid hauls
with the known trawl fishing efficiency, and further averaging
of the results by geoéraphic strats are the basis of the present
survey.

The assesgments of biomaess and abundance obtainaed by the
method of the trawl-acoustic survey sre given for cod, haddock,
redfish, capelin, young csapelin, sand eel in comparison with
the results of standard acoustic surveys for capelin and trawl
survey for bottom fish species carried out simultsnecusly. The
general ways of improving the survey methods are noted,

The data cn the target strength in situ et & freguency

of 38 kHz for the major hydrobionts of the North Atlantic ob-
tzined by summarizing the known data and results of PINRO TS

in gitu measurements for 1983-87 are given in the paper.

INTRODUCTION

The trawl surveys aimed et asseasing the main commercial
bottom fishes in NAFO Divs.ZKLMNO have been cafried cut by the

Soviet investigators since 1971 (Bulatova and Chumakov, 1986).
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In recent years the azcoustic methods sre widely used for the
stock estimation of such objects ss capelin and redfish. Each
of the methods kas its own faults associated, in the first turn,
with the fact that the trawl and acoustic surveys d§ not allow
to cover the fish distribution in pelagisl and in a shadow zone
of echo sounder near the bottom respectively. That is why the
concurrent use of the trawl and acoustic methods during the
survey supplements each other.to a certain degree and allows

to obtaln more unbilased data on the digtribution, abundance and
biomass of both pelagic and bottom fishes, Such methods are used
in PINRC beginning in 1985 when conducting the trawl-acoustic
surveye for redfish, cod and haddock in the Barents Ses.

With a view to improve the procedure of simultaneous use
of acoustic and trawl methods for more complete assessment of
the main commercial fish stock in NAFO Divs.3KIMNO the experi-
mental multispecies trawl-acoustic survey was conducted on the

RV "Persey-III" in Merch to dJuly 1987,

MATERIALS

The trawl-ascoustic survey and regular trawl survey for
bottom fishes (Chumakov and Borovkovw, 1988) were carried out
by R/V "Persey-III" from 10 March to 13 April in Divs. 3NO,
from 23 April to 11 May in Div., 3L, from 11 to 12 May and from
26 May to 6 June in Div. 3K, from 21 June to 4 July in Div, 3M.
A chart of cruise tracks is given in Fig.1. Besides, during the
acoustic survey for capelin from 15 to 26 May and from 13 to 20
June in Divs. 3LNO (Bakanev and Mamylov, 1988) the sampling and
procesaing of acoustic and biological data on other hydrobionts
were performed according to methods of thé given multispecies
trawl-acoustic survey.

In all 570 bottom and 21 pelagic hauis-were made by R/V
"Persey~III" during the trawl-acoustic survey. In eddition, the
information of 10 pelagic hauls wes used reported from R/V "Obva"
which with R/V "Persey~III" conducted the survey in Diva. 3NO
in March,

The total arqa of the trawl-acoustic survey was 147 000 sq.

miles with the total track length covered during the acoustie




——— ————

survey of about 13 800 miles, _

The EE-S-38 echo sounder (SIMRAD, Norway) and two SICRS
digital integrators (USSR) were used as echo integrating sys-
tems, The gD-200 integrator (SIMRAD, Norway) connected con-
stantly to echo sounder allowed to measure the target strength

in gitu  for different hydrobionts by the mcoustic method,

METHODS, RESULTS, DISCUSSION

During the trawl-acoustic survey the acho intensities were

measured by 10 depth channels of SIORS integrators one or two
of which operated as the 2- or 4-metre bottom channel, The
integrators ceased integrating of reflected pulses on the
average 0,75 m to the bottom which determined the minimum
shadow zone of echo integrating system, It is matural that with
the increasing depth and at rough bottom the actual shadow zone
of echo sounder increased,

| In contrast to & traditicnal echo survey when the integrator
readings are taken at egusl intervals of covered by vessel dis-
tance, during the trawl-acoustic survey the readings were taken
when crossing the boundaries of geographic streta, changing the
vessel_speed, with 8 sherp veristion in density or pattern of
fish distribution and, besides, separately - during the trawlings
(i.e. within the time intervel between fixing the warps and their
lcosing). The integrating interval corresponding to the given
reading was registered by the vessel log NI (SINVRAD, Norway). The
integrator readings with regard for the instrument constant of
echo integrating system-and after correction for the difference
between the echo sounder TVG and 20 1lg R + 2« R function were
recalculated thereupon to standsrd units of echo intensity M

determined as:
M= 4T 18522+ 1095 p2/mite? 1),
where 35 - mean surfece backscattering strength of the layer
per integrating interval, dB.

"Phe M values in eech integrating interval (® ) were further

classified by hydrobiont species on the basis of an accurate
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analysis of echogrems and results of test hauls separately for

pelagic (LTP) and bottom (MB) channels of the integrator. In so

deing M was calculated separately for 10 species: 1) cod, 2) had- ‘
dock, 3) young redfish (L £ 15 cm), 4) redfish (L > 15 em), ;
5) capelin (L > 7 cm), €) juvenile capelin (L & 7 cm)}, 7) sand !
eel, 8) SSL (medusa, krill etc.), 9} myctophids, 10) other bottom
and pelagic fishes (polar cod, white hake, argentine, hake, barra-
cudina, grenadier ete.).

The division of M velues by species using the results of

pelagic and bottom hauls was made by the ratio:

M,:M,:M,: =BGk, FuOue, B 6ups,
4 2 3. KR1 KRZ KRS aun(z)'
where F§ - catch size of hydrobiont species [ including

the fish enmeshed in the trawl, kg;
é;kgl=‘ﬁﬁfdﬂn%$%ean scattering cross section per 1 kg of
weight, me/kg;
KRL— relative fishing efficiency of the trawl for
species | ,

Following the experience of using the trawls with the
fine-meshed net on R/V "Persey-III" KkL= 1 for hydrobionts
with L. > 10 cm, KRL’V” 0.3 for ), = 5-10 em, Kz, = 0.1 for
b = 3-5 cm. Approximated data on the target strength W'Skg
Ain situ for different hydroblonts depending on their length at
8 frequency of 58 kHz are listed in Table 1. The dats were
obteined by summerizing the results of the known and used during
echo surveys in the Northeast Atlantic target strength T3S (L)
in gitu measurements of the main commercial fishes (IMR, Bergen,
Norwey) and results of TS in situ measurements teken in 1982-27
{PINRQ, Murmansk, USSR) with regard for pooled length-weight

characteristics of different fishes.

The measurements of f@ in situ st a frequency of 38 kHz
were made by the Polar Institute following two methods, first,
with the use of ¢D-200 integrator realizing the Craig and Forbes
algorithm (Solli et al., 1982) and, second, with the use of the f
known method of echo counting combined with echo integrating.

The point of the latter consists in meassuring the mean target




strength of single fish ‘ngz in scattered concentration

within the known effective beam angle of echo scunder ( J? ) with
regard for transducer directivity and further reducing the

obtained data to equivalent beam angle ( Y ) and standard :

target strength ( TS ) by the formulae: - '

- = Je .

R 5 _
Y=t (R)d N ),
o
where @26j2)_ directivity pattern of transducer.

The QD-200 integrator made the identification of echo re-
cordings easier during the trawl-acoustic survey. As the operating
experience during the surveys carried out in 1984-~87 by PINRC
vessels showed the device gave rather realistic data on the real
distributlon of TS in situ -for different hydrobionts if the
following requirements were satisfied: '

- the number of treated in QD-200 echoes from single fish
in each run of measurements should be not less than 1000-200C0
and their resolving power relative to total echo energy - not
less than z0-30%;

- correction for the difference between the acbtual echo
sounder TVG function end required one 40 lg R + 24 R in TS scale
at QD-200 output by depths.

The use of QD-200 integrator for the léngth-species identi-
fication of echo recordings in practice is shown in Fig.2 for
which the data for defining the scale TS(L) in situ for dif-
ferent hydrobionts were taken from the seme sources s for deter—
mining the valucs ffkg (L] in Table 1.

-The calibration of QD-200 integrator end echo integrating
system during the acoustic surveys and TS in situ measurements
was made bj a standard copper sphere with the target strength
cf 73,6 dB,

Tt is convenient to have similar formats for bacic acoustic
and trawl date and algorithms of their processing which makes
easier the comparison and interpretation of the results of the

trawl and acoustic surveys, That is why the bottom trawl catches
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from esch haul were recalculated to equivelent echc intensity
for eech species L of hydrobionts (M. ;) by the formula:
1854 P ©xgi (s

]
Q’rﬂf . L«TE. ' Rf

where N.o ~ trawling distance, mile;

M ;=

LTR«_ distance between the botﬁom trawl wings eéual to
14,3 m; '
R. - fishing efficiency of the trewl relative to Licg -

In accordance with methods of the trawl survey for bottom
fishes R = 1 (Bulatova and Chumakev, 1986). During the trawl-
.acoustic survey the opening height of the bottom;trawl was about
1.5-2,0 @ which in most cases exceeded, Bs g matter of fact, the
regl shadow zone of echt integrating system in the near-bottom
layer, Therefore, to determine the actual density of bottom fishes

the results of the trawl ( M ) and scoustic (44=fWP+M8 surveys

ware summariged,

To verify the potential usage of zcoustic methods for
determining the fish density in the near-bottom layer the echo
intensity wvalues in the bottom channel of echo integrator per
a haul (Mg ) were compared with the trawling dete (Mrg) end

the regression equation was formulated as
Mrg =0 Mg+ 6 (6).

The further treatment of the survey results consisted in
averaging the M and Mg values by strata with regerd for
integrating intervel (D), In case of Mg averaging by strata
the results of all hauls in the given stratum and not only those
used during the Srawl sufvey were teken into account. The hauls
made neer the boundaries of neighbouring strata with similar
depths were counted twice - for each of above streta., It is
accounted for by the fact that a random choosing of the bottom
trewl stetions adopted for standéfd trawl survey, in practice
is not always optimum (in particular, due to "patch" distribu-
tion of fish by area), In such cases the extra test hauls are-
necessary - for instunce, when the echo recordings change ab-
ruptly in the near-bottom layer along the tracks.

43 a result, the mean acoustic(M) and trewl (ﬁ,k ) echo




intensities were obtained for bottom fish by strata.

When determining the density of pelagic fish (cepelin, sand
eel) the wvalue U=Mp + M, was tsken for an actual density
where Mg wag corrected with regard for M., according tc methods
of the trawl-acoustic survey used during the echo survey for
capelin in Divs, ZKLNO {Bakanev and Msmylov, 1988).

When treating the results of both scoustic and trawl surveys

thé total sbundance end biomess of hydrobiont species were
evaluated by the short-cut method - with the use of asverage
length-weight characteristics of fish and 61% values by strata

or groups of strata limited with similar isobaths:

Mg - Sk '
\A/::}i VVK': Z; = , (7
K K Eskg‘m : _
Wi |
= — 8,
NS;_WK (8)
where K. - stratum index;

i

,SK stratum area, mileg;
1, = mean weight of a specimen, kg;
N

vWw - biomass, kg. !

I

abundance, spec,;

The mean density of the main commercisl fish species by

strate is given in Figs. 3~11 in echo intensity umits of ¥ and

Mre_ accerding to results of the trawl-acoustic survey. The mean

densgity of cod, haddock and redfish by streta is given in the
form of a fraction the numerator of which involves acoustic dete
(ﬁ) and denominetor - the date estimated from the bottom trawl
catches (Eifg). Such a form is convenient for comparison of pe-
lagic and bottom components of Ffish density in different periods
of survey. The results of the abundance and biomass essessment
in these periods of the trawl-scoustic survey are given in Table
2. The term "experimental trawl survey" means the treatment and
averaging of trawling date by the short-cut methed mentioned
above and used aléo for evaluation of pelagic component by the
acoustic method. For comparison Table 2 lists also the results of
the trawl survey carried out by the standard method (Chumakov
and Borovkov, 1988).
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As iz seen from Table 2 the results of the fish sbundance
and biomass essessment obtained by two methods for the near-
bottom layer turned to be sim;lar (spread in N and W values did
not exceed on the averege 15-20%)}. Tc make the results of the
trawl-zcoustic survey more accurate in future, the abundence and
biomass estimetion by strata should be done by length groups
according, for instance, to standard methods of ecoustic capelin
survey (Bakenev et al., 1986) rather then by average length-weight
characteristics of fish,

The averaging of acoustic and trawl dats by geographic stiata
réquires en aven sampling of M and M g, values by area within each
stratum ~ the tracks of the multispecies trawl-acoustic survey
were plotted on this basis, When conducting the echo survey for
some hydrobiont species the traclks are plotted based on the pattern
of fish distribution by area with the further stratification of
the area surveyed with regard for an even distribution cf tracks
and fish density within esch of chosen strata (Bakanev et al,,
1986), ' |

Thus, for example, according %o the results of standard
acoustic survey the capelin biomass in Divs.3KLO was egtimated in
May at 2.2 mill,t and in Divs.2NO in June -~ at 315 thou.t (Bakanev
and Memylov, 1988). The estimation of the results of above surveys

by the trawl-acoustic method yielded 2.3 mill.t and 540 thou.t

‘respectively (Table 2), The difference in estimates obtained in

June survey ie accounted for by the non-optimum choosing of tracks
within geographic strata in Div.3N from the standpoint of using
the traﬁl—acoustic methoé - the considerable uneveness of tLtracks
and density of capelin distribution within these strata requires
an axtra, more detasiled, strstification of the area surveyed

as it was done in Divs.3N0 when treating the results by the
acoustic methed,

The rough abundance estimste of capelin of the 1986 year
class {smaller than 7 cm)} by the trawl-acoustic method (not less
than 25 bill.spec.) was obtzined due to the fact that the cruise
tracks did not cover the whole srea of younp cupelin dlstributlon
on the Grand Bank in May-June. Nevertheless, the comparison of

these results and those of analogous abundance estimates of
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capelin yearlings during the acoustiec survey in Dive.3LNO in
Meay-June 1983 and 1984 {the 1982 year class numbered 110 bill.,
gpec, in 1983 and abundant 1987 year class - %60 bill.spec., in
1984) does not allow to regard the 1986 year class as a rich one,
The resultes of %the three trawl-acoustic surveys for cod in
Divs,3LNQ in March-dune (Figs.4-6 snd Table 2) show the wvaristion
in cod density on the Grend Bank during this time, .the per cent
of the pelagic component of cod asbundance in relation to the
bottom one being increased in May-June compared to Merch-~April.
During the June echo survey for spawning capelin in Divs,3NO
there was obfained s rough estimate of cod biomass by the trawl-
acoustic method, the bottom component being determined by the
following way: as a result of nine bottom trawlings the regre-

ssion equation was set up
MTp_:aM'f"g (9)3
where G = 0,79, f =-1.59 at the correlation cocefficient

T 0.997.
ﬁ‘rR_ and later the cod biomess in the nesr-bottom layerb_ysi‘mfa

1]

1]

were assessed thersupon by the known acoustic data ¢ by strata)
with the use of equation (9). The total cod biomsss in Divs.3NO
in June (pelagic.and bottom components) was roughly estimated
by this method at 130 thou.t. A more accurate estimate wass ob-
tained by means of the detailed strstification by ares (analo-
gous one used during the June echo survey for capelln in Divs.}NO).
sand it was about 100 thou.i.

The acoustic surveys for redfish in NAFQO Divs,3LMNO have
been carried out by PINRC vessels since 1983, During these surveys
as well as during the trawl-acoustic survey the M values were
averaged by standard geographic strata., The results of the pelagic
component assessment of redfish abundance and biomass obtained
during these surveys are listed in Table 3, In most cases the

data are spproximate, in the first plece, due to insufficient

number of pelogic test hauls during the surveys, Therefore, they

do not have an importent bearing on the sccuracy of the results
of subjective factor when reading echogrems and identifying red-

fish through the other hydrobiont echo recordings. None the less,
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the analysis of regular ascoustic estimates on redfish by years
and year classes, and their comparison with the results of the
bottom trawl surveys for redfish carried out in the same periods
glve, as & matter of principle, an opportunity to obtain more
reliable data on redfish stocks (Jjuveniles, in particular) and

to determine the error of the trawl-acoustic method.

The division of fish demsity into pelagic and bottom com~

ponents with the use of above trawl-acoustic methed is, to a
',certain degree, conventionsl, It is accounted for by the uncertain-
ty of notions “effective opening height™ and "fishing efficiency"”
of the bottom trawl depending on the lehgthrspacies composition
of trawlsable hydrobionts.and their behaviour in the trawling zone,
and also by the uncertainty in the vélue of actual shadow zone

of echo integrating system. From this point of view one of the
ways for improving the trawl-acoustic method is the correction

0of echo integrating results, obtained during the survey fcr the
near-bottom layer, according to the results of bottom trowlings
with the use of regression relation between the trawling (M g )
and acoustic (Mp ) data obtained in the course of trawlings.-(equa-
tion (6)). It may be shown that in a case of reliable correlation
between MTR_ and My the regression coefficicnts @ and é alloy,
as a matter of principle, to estimate the shadow zone and fishing
efficiency of thé trawl relative to the nesr-bottom layer deter-
nined by the bottom channel width_of integrator.

The preliminery regression analysis of the results of sbout

300 bottom trawlings carried out in March-July 1987 during the
trawl-acoustic survey showed that the reliable correlatiocn coe-
fficient (T > 0.8) between M, and Mg is possible Just in
separafa particular cases, namely, when the fish are distributed
evenly enough within the bottom channel father than in a dense strip
close to the botfom. Buch situstions were observed, for example,
for concentrations of cod in Div.3K (late May) and 3N (June),
young cod in the central part of Div,3M (late June), redfish in
Divs,3KIMO during the darkneszs (late April-June). The prospects
of improving the trewl-acoustic method on the given line are
borne oubt by these results, In particular, the experience of the

trawl-acoustic surveys conductsed in the Barents Sea shows that the

™~
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correlation between M., and M, increases, for instance, when the

bottom trawl opening height is increassed (to 6-8 o).
CONCLUSIONS

On the whole, the results of experimental multispecies trawl-
dcoustic survey carried out in NAFQO Subarea 3 showed its cbvious
advantages in comparison with traditional separate trawl or -
acoustic surveys. The concurrent use of acoustic and trawl methods E
supplementing each other allowed to obéain more comprehensive in-
formation on distribution, abundance and biomass of redfish, cod,
haddock, cepelin and sand eel in the area surveyed,

On the basis of the results of multispecles survey, with
regard for the experience of snalegous surveys‘in other areas of
the North Atlantic, the general ways of improving the trawl-
acoustic methed and increasing the accuracy of its results can be
formulated: _

1. Increasing the numbsr of test hauls (primérily, pelagic)
for the 1ength-specigs identification of hydrobionts and shorten-
ing the terms of the trawl-acoustic survey for the purpose of
decreasing the influence of fish migrations during the survey.

2. Need for occupying the test bottom sets, by analogy with
the acoustic method, at an abrupt change of the fish distribution
pattern (echo recording pattern) in the near-bottom layer along
the tracks and not only in random coordinates according to the
methods of standard trawl survey.

' 3. Processing and averaging of acoustic end trawl date by
geographic strata with additional stratificatioﬂ of them _

in a8 cese of different density of tracks and considerable differﬁnce
in fish density within each stratum,

4, Further sxperiments on the possible and limited use of
acoustic method for the fish density estimation in the near-bottcm
layer,

5. Studying of the ship evoidance effact on the denslty and
pattern of fish distributioﬁ during the survey,

6. Revising the data on the target strength in situ for
different hydrobilonts, . ‘
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“. Need for cptimizing the track and trawl set positioms,
and else the terms of multispecies survey, standardization of
processing the -survey results with regard for solveble problems

end number of vessels participating in the trawl-accustic survey.
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Table 1. values for acoustic surveys

Recommended Tskg

(echo sounder frequency - 38 kiHz).

— e - me Gy R A W Ey W R M M e M b W MM R MRS by TR B R e e e G e e

. , : ' Mean : ~T5, _y : Used data on -
Species Length, cm ' weight,g 'dB/kg k ; 7S (L) in gity
Cepelin 5~8 I-2 29.2-30.0 1) T8(L)=19.11gl~
B8-12 2-8 30.0-32.8 -74.4 and correc-
I2-16 8-21 32.8-34.7 tion for L &£12cm*
I6-20 2I-40 34.7-35.2 2) TS measurements
in situ®e

Polar cod 3-5 o 5-1.5 25, 0_27 4 1) TS{L)=21.8lgl-

5-6 I.5-4 27, 4-98.5 -72.7 and correc-
g8-12 4-17 28.6=29.7 tion for L £10cm*
I2-16 II -28 29.7-3I1.7 2) TS measurements

I6-20 28- bt 3I.0-31.8 in situ®*

Ceod 8-I2 10-27 32.5-33.3 T8(L)=21,8lgl-
I2-20 27-80 33.3-33.4 =72.7 and_correc-
20~-30 80-255  33.4-34.6 tion for Lg 10cm®
30-50 255-1140 34.6-36.2
50-70 IT40-2800 6.2-37.1
70-100 2900-8500 37.I1-38.6

I00-I30 8900-23000 38.6-40.2
" Haddock 8-I2 14~-30 34,0-34.4 TS(L)=16.91gL~
12-16 30-53 34.4~34.7 -67.9 and correc-
16-20 53-95 34,7-35.7 tion for L £10cm*
20-30 95-240 35.7-36.7
30-50 240-I240 36.7-40.1
50-70 I240-3440 40.I-42.0
70-90 3440-6260 42.0-42.8
Redfish b~ 8 I.5- 6 29.7-34.0 " TS messurements
g8-12 6 - 2I 34.0-36.5 in situ for dif-
12-16 2L - 87 36,5-37.8 ferent length
16=20 57 - II3 37.8-38.3 distribution of
20-50 II3 -I430 38,3 redfish**
whiting I6-20 25-46 30.5-31.0 ~72.7 ]
. 20-25 46-I00 3r.0-32.2 2) TS measurements
25-30 I0O-I60 32.2-32.5 in gitu**
30-35 I60-230 32.5-32.7 .
36~40  230-350 32.7-33.2
8~12 310 28,3-3I.5 1) TS(L)=21,.71gl-
T

Herring 718 10-23 31,5-33.2 75,3 and cosrec-
16-20 23-50 33.2-34.2 tion for L4 12cm*
20-25 50~I20 34.2-35.8 ) TS measurements
25-30 I20-220 35.8-36.7 in situ**

Shrimp and -3 0,05-0,I 28.0-29.2 1) TS measurements

Krill 39 Q.I-I 29.2-33.2 in situ**

5-8 I =5 33.2-36.2 2) Fooled data
8-Iz 5 =I0- 36.2 - which known
about TS of
Xrill in situ
Sand eel 16-23 I0-30 34.0+I1.0 1) T2 ‘messurements
) in gitu**
2) TS(EY=2014L~

-78.3 (calculated

Nerelationship

baged on known
date on TS)"**
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Table 4 continued,
sies © Lemgthyem - Mean i -8, Used data on
Species P OREELOE . eight,g k&' : 73(1) in situ
s * dB/kg :
. Lantern- 4= - I.b-4 3I.0+4I.0 TS(L)=25,21gl~
fish ) : ~75.0 (TS measure-~
ments in situ for
different length ’
distribution)**
Jellyfish 10-30 200-700 48.541.5 TS measurements
_ in situ**
Squid  30-40  500-I500 44.8+1.5 TS measurements
(Betive)wer ‘ in situ**
Squid =M. et 42.241.5 '
(passive)ss+ :
Saithe 36-62 460-2040 35.4-37.2 T8(L)=21.81gL~
62-79  2040-5000 37.2-38.4 ~72.7
Argentine 24~44 I10-700 34.041.0 1) 13(L)=21,81gl~
2)“Ts.maasurements
_ in situ** {
Barracu-  <0-30 I5--50 32.2+1.0 | TS measurements
dina . in situ** )
Grenadier 20 30 39.0+I.5 1) The most probablei
: TS values basged
30 | . 120 43.041.5 on tﬁi mgrpg?logy
of this fish**
40-70 300‘2200 45- OiI-D 2) TS meaaul‘ements
‘ in situ**
Mackerel 30-40 350~720 5I.0+I.0 Appoximetive
’ value based on
known mackerel
TS data**
White hake I6-25 37-I14  32.0-32.8 TS(L)=21,81gl~
25-40 IT4~-500 32.8-34.7 -72.7
40-55 500~-1300 34.7-35.8
5570 I1300-2760 35.8-36.9
70-85 2760-4980 36.9—37.%

85-I00 4980-9410 37.6-38.

For fish with the length equal to echo length the TS5 values

" are higher than those calculated by major equations of the
form TS=a lg L+b due to & wesker effect of fish distribution
on beam angle in ccmparison with the larger fish,

* Results of the surveys carried out by the Polar Institute
© in 1983-37.

LR
Squid (pass.) -~ mainly borizontal distribution. in space,
Squid (act.) - raendom distribution (such a situatlon is
observed, for example,.during the intensive fishery for
squid with the verticel lines),.
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Table 2, Results of the trawl-scoustic surveys in Divs, 3KLMNO
in March-July 1987.

T e mm e s em em A e mm e e M EE Em A ke wm mm o v e Em Em EE R e e mm e e e

Area. - * Survey ¢ Acoustic ‘Experimentel ‘' Trawl
surveyed :period : survey : trawl survey .survey
: abun- . bie- : abun- . bio- : abun~ |, bio=~
‘dance, ' mass, ‘dance, ' mass - dance,’ mass,
cmeo i ind%mec’ 10%6 :10%spect 107t :10%peb.10%t
3kINo  10.03-13.05 ategi-iid - - . -
{ south :
of 50°N)
3ELO  15.05-06.06 120000 2300 - - - -
3ro I3 =20.06 1I7000 540 - - - -
Capelin L% 7 cm
3LNO I10.03-I1.05 IOOOO0 10 - - - -
3LO IS5 -26.05 25000 25 - - - -
3N0 I3 -20.06 13000 I3 - . - - -
Sand eel
3LNO 10.03-11.05 Q700  — 54 - - - -
310 Is -26,05 2000 40 - - - -
3N0 I3 -20.06 540 II - - - -
Cod
. 3LEO 10.03-I1.05 T~ 39 85" II9 370 128 422
JLo I5  -26.05 32 "~ 70 - - - -
3K IT -I3.05 I36 I35 118 115 133 130
26.05-06.06
3NO I3 -20.08 56 75 42 56 - -
3u 21.06-04.07 40 9 28 8 37 . I2
Haddock ,
3No 10.03-13.04 ~ 2 20 36 24 40 27
Redfish .
3LND I10.03-11.05 745 191 329 89 282 80
3K IT -I3.05 189 85 141 64 155 69
26,05-06.06

M 21.06-04.07 »14000 © >350 503 I05 463 106
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Table 3, Results of the scoustic surveys for redfish
‘ in Divs,2KLMNC in 1983-87.

e et R e e wes e mm e e e e e M e v mma s e mm mw m w—
. .

Area . Survey Length, Mean ' Abundance,
_ iuiviyﬂi__ e ;E)-ei;l(id- N _cn?- o weight, g : 108__sQec. :
1983

3IN . 31.05-26.06 I0~40 275 5.8

(outside CFZ) _

3M 28.05-17.06  7-I0 8 230%)
. I2-20 50 44%)

1984

31N 19.04-07.05 I10~40 265 2.8

{north of

45030 ) .

3 NO 23.04-16.05 II-2I 71 4,1

( south of ~"a 22-50 272 3.6

45%0N )

3l 28.03-08.04 7-2I I 92%)
" 22-52 443 5,9%)

M 08-19.04 7=9 8 I4
. 10-21 64 45
N 22-52 443 4.5

1985

3M 16.04~04.05 I0-25 95 6.4

- 26-50 458 3.0
L2877

3NO 10.03-I3.04 I0~50 229 6.2

3L 23.04~-I1.05 I0~50 392 1,2

3K I1~13.05 10-50 447 1.9

25.06-06.08 )

am 21.06-04.07 7-I15 12 >I30%

" 16-52 263 >g %

x')Approximated estimete to less than 50% accuracy.

N

JBiomass,
100 %

160

180%)
220%)

75

29
98

a70%)
260%)
1T
290
198

60
I39

T44
47
8BS

ST4g)
>210%)
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Fig.1 A chart of cruise tracks of RV "Persey-III" during

the trawl-acoustic survey in March-July 41987.
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4

Fig.3 Distribution of sand eel (M values are encircled)

and haddock in Divs. 3LNQ during the trawl-aCOUatlc
survey from 10 March to 11 May 1087,
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Fig.4 Cod distribution in Divs.3LNO during the trawl-

acoustic survey from 10 March to 11 May 1987,




Fig.5
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Cod distribution in biv.3K during the trawl-acoustic

survey from 11 to 13 May and from 26 May to © June 1987,
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Fig,6 Distribution of sand eel (M values are encircled)
and cod in Divs.3LNO during the echo survey for
capelin from 15 to 26 Mey and from 13 to 20 June
1987. (Rectangles denote positions of bottom trawl
stations with M and Myp values for cod during the

hauls).
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Fig.?7 Capelin distribution in Divs,3KLNO during the trawl~
acoustic survey from 10 March to 13 May 1987 (M values
for young capelin smaller than 7 cm are encircled).
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. Fig.8 Capelin distribution in Divs,3LNC during the echo
survey from 15 to 26 May and from 13 to 20 June 1987

(ﬁ values for young capelin smaller than 7 cm are
encircled),
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Fig.,9 Redfish distribution in Divs,3LNO during the trawl-
acoustic survey from 10 March to 11 Méy 1987,
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Fig,10 Redfish distribution in Div.3K during the trawl-
acoustic survey from 11 to 13 May and from 26
May to © June 1987,




- 27 -

Red Fish
(L>15cm

Fig.11 Cod and redfish distribution in Div.3M during the
trawl-acoustic survey from 271 Jume to 4 July 1987,
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