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This paper gives an analysis of the dependence 
between the shoal traces registered on the net sounder 
echograms and the results of the catch at various trawling 
speeds. The analysis involves the results of pilchard, horse 
mackerel, mackerel, and cutlass fish catches. These resear
ches bave shown that the trawling speed is a very impor
tant factor in catching the pelagic fish that live in 
shoals. 

1. INTRODUCTION 

The infor.matiion obtained from the net sounder echograms can be a 
great help in determining the size of the f,ish shoal concentratiions, number 
of fish shoals that f.iind themselves iin the dd.rectiion of trawhlng, reaotii.on of 
fish to the operafaon of the fiishing gear, and al-so in evaluatiing the degrec 
the trnwl is ftllled w,ith tish. This is very ~mportant for f,ishing, regarding 
both the quantiity of the fiish caught and thefa.- qual,ity and usabilHy in 
processing tindustry. 

2. MATERIAL AND TEST METHODS 

The mater.ial used in tests was collected by the Polish refuigerated 
ca:rgo trawlel.7s rtype B-29, B-18, B-23 and B-413, wh~ch fiished ~th pelagic 
trawls. These t-rawlers, were equipped, among other thiings, wiith hydro
locatJi.on instmmen:t•s of the filrm ELAC and KRUPP ATLAS ELEKTRONIK. 

The dependence between the traces on ,the net sounders and the •results 
of the catch was examined qy applyring the model of Linear regression with 
two va:ni.ables (dependent a~d independent valliables). The »traces on the 
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net sounde•r« mean the lenght and breadth of the fush shoals regis·tered on 
the echogram of the net sounder (by mulrtiiplying both parameten; the 
surface of the traces is obtained) and also the degree of the shoal 1Jraces 
blackening. 

The correla1Jion between the surface of the shoal traces registered on 
the echogrnms of the net sounders and the results of the catch was 
calculated, and the same was đone between the surface of the shoal traces 
multiip1ied by ,the degree of blackenring of the shoal traces and the resu1t of 
the ca•tch. 

The surface of the »regular« trraces was calculated as the produot of 
their length and breadth, and the surface of the »irregular« traces was 
determined by means of the miHtimeter paper wci:th the exactness of 0.25 
mm2 or by planlimeter. The degree of blackenling of the shoal traces was 
evaluated by means of a ,graduated scale -in the followiing way: for the 
pikhard traces from the north-west Afr.ican fiishing grounds and for macke
rel from the fiishing grounds of Ireland the scale wcith three degrees was 
used, for the cut1ass fush traces from the south African fi.shing grounds 
the scale with four degrees was used, and for horse mackerel t·races from 
the south-west Afr.ican fiisrnng grournds the scale wlith fii·ve degrees was used. 
The scales were oompounded so that a more intens,ive trace corresponds 
to a higher degree. The same and similar method was apphled in the 
researches in the Adr,iatic (Kačić 1972, Grubiš,ić, Kač ,ić, Cetinić 
1974). 

3. RESULTS OF THE RESEARCHES 

3.1 . Pilchard catches (Sardina pilchardus Risso) 

The dependence between the traces on the echograms of the net 
sounders and the results of the pilchard catches was calculated on the 
basis of the material collected by the refl7igerated cargo rtrawlers B-29, which 
were fiishing Wlith pelagic trawls us~ng the otter-boards Suberkruba ii:n the 
north-west African fiisrnng grounds. 

The trawler »Kanaryjka« was trawliing from March 29, to January 6, 
1973 on these positiions: 

24°20' N 
<p = 25°20' N 

24°20' N 
ep= 24°58' N 

015°48' w 
l = 015°07' W 

015 °55' w 
l = 015°05' W 

The trawler »Kni,aziik« was trawling from March 29 to April 10 1975 
on these posi 1Jions: 

24°44' N 
<p = 24 °05' N 

016°26' w 
l = 015°53' W 
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The trawler »Korwin« was trawl:ing from April 23 to June 16, 1975 on 
these positions: 

23°25' N 
<p = 22°40' N 

016°27' w 
). = 016°53' w 

Far analystis only those echograms of the net sounders were taken on 
which the traces of pilchard were registered and readable (corroborated by 
the results of the catch), and also those that were registered during the 
undisturbed work of the trawling system. In the fi11st phase the correlation 
between the šurface of the traces registered on the echograms of the net 
sounders and the results of the catch was calculated taking into consiidera
tion the parameter of the trawling speed. In the second phase the correla
tion between the surface of the traces multipl,ied by the degree of blacke
ning and 'the results of the catch was calculated by, also, treating the 
trawlting speed as the parameter of the 1investigated funct,ion. At the exami
nation the following intervals of the trawling speed were considered: 

- below 4.0 knots, 
- from 4.0 to 4.5 knots, 
- beyong 4.5 knots. 

Table 1 shows the calculated coeffacients of the correlation between the 
examined characterj,stics. Fiigures 1 and 2 show the echograms of the net 
sounders obtaiined at different times by day and night at different trawling 
speeds. 

Table 1. Survey of correlation coefficients between the surface of traces and the 
results of the catch, the surface of traces multiplied by thickness and 
the results of the catch, and mean quantities mm' relevant to the mean 
ton of the catch for separated trawling speed intervals 

Name of the 
vessel 

m/t »Kanaryjka« 

m/t »Kniazik« 

m/t »Korwin« 

Trawling speed 
intervals 

< 4.0 knots 
4.0 to 4.5 knots 

> 4.5 knots 
3.8 to 4.8 knots* 

< 4.0 knots 
4.0 to 4.5 knots 

> 4.5 knots 
3.8 to 4.8 knots* 

< 4.0 knots 
4.0 to 4.5 knots 

> 4.5 knots 
3.8 to 4.8 knots* 

Correlation Correlation coef
coefficient ficient between 

Mean quantity between the the surface of 
mm' relevant surface of tra- traces multiplied 

to 1 ton ees and the by the density 
of the catch result of the and the results 

catch r2, of the catch 
r2, 

61 0.60 0.63 
29 0.77 0.89 
13 0.91 0.94 
25 0.36 0.49 
71 0.52 0.57 
27.3 0.64 0.82 
11.3 0.89 0.89 
33 0.34 0.39 
95.4 0.57 0.64 
30 0.81 0.90 
18 0.88 0.90 
37 0.37 0.39 

'') This intervolves all the values of the trawling speed, while the calculated 
correlation coefficients refer to the examined dependences not affected by the 
trawling speed 



194 J. SWINIARSKI AND P . CETINIC 

t l •1 , 1S 11-
J;.a X «dit j I .i li I I ii 

J 

Photo 1. Net sounder echogram. Fishing position 25° 04' N 015° 13' W. 
Hour of trawling 16.40 (4.40 p. m.) to 17.10 (5.10 p. m.) . Catch 
10 ton pilchard. Trawling speed 3.8 knots. Surface of regi
stered traces 1,294 mm2. 

Photo 2. Net sounder echogram. Fishing position 25° 07' N 0.152 25' W. 
Hour of trawling 08.00 (8 a. m.) to 08.45 (8.45 a. m.) Catch 40 
ton pilchard. Trawling speed 4.8 knots. Surface of registered 
traces 506 mm2• 

3.2. Horse mackerel catches (Trachurus trachurus L.) 

The dependence between t he ·tmces on the echograirru; of the net soun
ders and the results of the horse mackerel catches wais calculart:ed on the 
basis of the mart:eI1ial collected by the trawler B-29 »Kantar« which, 1iID. the 
May-August 1974 period, was iiishang in the south-west African fiishing 
grounds. By basiing it on the measurement of the surface of rthe traces and 
the evaluatiion of the degree of blackening of the traces on '1he echograms 
of the net sounders the coeffuoienrts of correla•tion between the s:u:rface of 
the traces and the evaluatii.on of the degree of blackening of the i:races on 
the echograms of the net sounde,r,s the coefficienvs of cor.relation between 
the surface of the traces and the results of the catch were calculart:ed as 
well as the surface of the traces mu:11:!ipliied by the density a,nd the results 
of the catch. Their value ii•s as follows: 

- the correlatii.on coeffacient between the surface of the traces and the 
results of the cartches r.Z1 = 0.62, 

- the correlation coeffaoient between the surface of the traces multi
plied by thlckness and the resul,ts of the catch r.Z2 = 0.81. 
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3.3. Mackerel catches (Scomber scombrus L.) 

The quan1Jity of the mackerel catches dependending on the traces on 
the echograms of the net sounders was analysed on the basis of the material 
gathered by the trawlers B-29 »Kunatka« and »Kulbak« from ApriH ,to July 
1974 iin the fiishing grnunds :in Ireland. Only those echograms on whiich 90'.Yo 
of trraces referred to mackerel were taken. Table 2 illustrates the calculated 
corre1atii.ons between the analysed characteristiics of the maokerel shoals. As 
seen from Table 2 when not the trawhlng speed but the sum of the surface 
of the rtraces on the echograms has been considered the correlation coeffo
cient between that surface (r.S1) and the result of the catch i:s 0.65. Consi
dering also the degree of the trace blackening, the correlation coeffioient 
(r.S2) increases to 0.73 . 

Table 2. Correlation between the results of mackerel catches and the surface 
of traces, and the degree of their blackening for separated trawling 
speeds 

Correlation between 

trace surface and catch 
trace surface and catch at the trawling speed 
interval < 4.0 knots 
trace surface and catch at the trawling speed 
interval 4.0 to 4.5 knots 
trace surface multiplied by the degree of 
blackening and the results of the catch 
trace surface multiplied by the degree of 
blackening and the result of the catch at the 
trawling speed interval < 4.0 knots 
trace surface multiplied by the degree of 
blackening and the result of the catch at the 
trawling speed interval 4.0 to 4.5 knots 

r 

0.6512 

0.5166 

0.8192 

0.7300 

0.6680 

0.8314 

Semple regression 
equation 

w, = 0.00094 .s, + 8.4 

w, = 0.00099 .s, + 6.8 

w, = 0.003 .s, + 6.0 

w , = 0.00073 }), + 8.6 

w, = 0.00079 .s, + 6.4 

w, = 0.003 }), + 5.8 

3.4. Cutlass fash catch_es (Trichiurus lepturus L.) 

Slm~Iar dependences cl!S in ,the precediing researches were obrained in 
cutlass fash ca:tches in the Afr~can fishing grounds by the trawler B-18 
»Langusta« from January 23 to February 7, 1973. The regions of researches 
were: 

28 °11' N 
ep= 28°51' N 

012°05' w 
l = 013°27' W 

The calculated correlation coeffkient between the surface of the traces 
and the resu1t of the catch r.S1 was 0.07, while the correlation coefficient 
between the surface of the registered traces multiplied by thickness at the 
applied scale of 4 degrees for evaluating the blackening and the result of 
the catch r.S2 was 0.16. 
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4. ANALYSIS OF THE RESULTS 

4.1. P,ilchard catches 

The calculated correlation coefficients between the trace surface and 
the results of the catches were low (r = 0.36; 0.34, and 0.37) for all the 
intervals of the trawling speeds. This shows that a rather loose connection 
exists among the examined characteristi.cs, caused espeoially at low trawling 
speeds, disproportionately in relation to actual parametern, the fash shoals 
entering the net and the 1ong duration of the registration of these 1shoals 
on the echograms of the net sounders, and the repeated registration of the 
fish shoals getting in and out of the net. The examinations conducted on 
the research ship »Profesor Sidlec~i« w,ith vehicles for underwater observ<1-
tions, and also the underwater observations by Kor o tko v and K uz m ,i n 
(1972) and the analyses of the net sounders echograms show that at the 
analysed traw1ing speeds, especially under 4 knots, the greatest part of fish 
escape from the trawl. The subsequent analyses of the net sounder echo
grams, vertical echosounders and sonars used at catching pilchard in shallow 
waters (north-western Afnica) suggest an unambiguous conclusii.on that the 
daily and compact pilchard ,shoals react strongly to the interferences caused 
by the work of the fishing complex. Such a situation requi.res that under 
these conditions the corresponding fashing tactics be appld.ed. The same 
correlation coeffiicients calculated for each individua! iinterval of the trnwhng 
speed show considerably higher values (Table 1). This ,suggests the conclu
sion that at catching pilchard iin shallow waters, when great reactiion of 
the fiish to the interferences caused by the work of the fiishti.ng complex 
exists (mainly noises of the propeller), trawhng should be đone at great 
speed. Si:milar conclusions can be· deduced by analysing the values of the 
correlartion coeffiicients between the surface of the registered traces multi
plied by th.ickness and the results of the catch. Relatively small drifferences 
between the values of the correlation coefficients rl,'1 and r.1,'2 for rindd.vcidual 
intervals of the trawling speed show that for the needs of the fiishing 
practice the results of the catch can be concluded from the surface of the 
»readable«*) registered traces on the net sounder echograms without ente
r.ing d.nto detailed analyses of thickness (degree of blackerning). At this 
evaluation it is of help to know the mean value of the surface of the regi
stered traces by mm2 relati:ve to the mean ton of the catch. It follows from 
the data dn Table 1 that the mean values of the surface of the registered 
traces by mm2, relative to the mean ton of the catch, decreases wii.th the 
increas_e of the trawling speed. 

The dependence between the surface of the registered traces of shoals 
on the net sounder echogram (Krupp Atlas Polynetzsonde 800) and the 
results ,is illustrated by Fig. 1. The dependence between the number of the 
registered shoals on the net sounder echogram and on the vertrl.cal echo 
sounder (Krupp Atlas) and the results of the catch is shown iin FJg. 2. F:ig. 3 
shows the geometrkal parameters of the pilchard shoals of compact concen
trations at va1,ious times of day and night. 

*) »Readable« traces represent compact traces with more or less consta11t 
degree of blackening (thickness) relating to the pilchard shoals entering the net 
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4.2. Honse mackerel catches 

The value of the cor,relartlion coeffuoients at catching the l10rse mackerel 
prove an unmristakable Linear dependence among ,the examined charaoteri
s1:lics. The relatively great difference between the valrues of correlatiion 
ooeffioients r.J:1 and r.J:2 suggests the usefulness of arnalys,ing the degree of 
blackened (thickness) traces of shoals when programing the results of the 
catch based on the registered traces from the net sounder echograms. 

4.3. Mackerel .catches 

When speed was diivtlded ,into classes, at the mackerel catches analysiis, 
at the trawlling speeds below 4 knots low correla1Jion coeffocients were 
obtari.ned between the results of the catch and the summary surface of the 
regisitered t<races (r.J:1 = 0.51 aind r.J:2 = 0.66) . The cause of such low correla
tiion coeffioients is, above, all, the ,inadequate trawLing •speed, due to which 
the registered traces refferred greatly not only to the m,sh getting :into the 
net but also ·to ,those whi.ch e.ither kept d.n the mouth of the trawl for a 
longer ti.ime or got out of ,it. This was corroborated by the under
water observations oonducted by Korotkov and Kuzmin (1972) 
at catching mackerel. At greater trawling speeds from 4.0 to 4.5 konts the 
situatJ.ion changed consd.derably rin th!is sense and the correlatrion coefficients 
at these speeds were r.J:1 = 0.81 and r.J:2 = 0.83 (Table 2). Fig. 4 shows the 
simple regression for the dependence between the surface of ,the registered 
traces on the net sounder echogram and the results of the maokerel catches, 
while Flig. 5 shows the surface of the registered traces multiipLied by the 
degree of blackend.ng and the result of the catch. These dependences show 
the necessiity of usiing greater trawling speeds and of conductling researches 
into the optimaHzaitiion of the hydirodynamlic charactwistics of the trawls. 

4.4. Cutlas,s fiish catches 

Low correlation coefficient values at catchling the cutlas1s fiish do not 
make ti.t possible to determine the degree of the interrelations of the exami
ned characterustics, but great cLifferences among them make iit posslible to 
determine the tendency of thei.r behaviour (the d.nterrelation aJt cons,idening 
the degree of blackening). For this reason in the next phase of reseairches 
the theoretic values of the thickness coeffuoient were calculated for the 
degree of blackening 3 and 4 (degree of blackening 1 and 2 was ignored as 
a very small thichness which only insignificantly influences the ,results of 
the catch) whlch were X3 = 1.83 and :X4 = 67.87. On the basis of the calou
lated thichness coeffioients, cons,idering the surface of the regi,stered traces, 
the theoretic result of the catch was calculated. The calculated correlation 
coeffiicient between the theoretic and the actual result of the catch, which 
was 0.91, consequently very h!igh, proves the correctness of the applied 
method. This also suggests that at predioting the results of the cutlass fish 
catches by basling lit on the registered traces on the net sounder echograms 
it is necessary to consii.der the influence of the shoal thickness. 
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S. CONCLUSION 

5.1. The correlat1on coeffilcent between the surface of the iregistered 
traces on the net sounder echograms and the resrult of the catch !i.s dlifferent 
for dlifferoot speoies of filsh and it depends on the trawling speed. The small 
volue of the correlatrlon coeffucenrt at the ,trawHng speed below 4 knots shows 
that a greart number of fiish escape from the trnwl. At trawl filshing of the 
pelagiic fush ·that live i:n shoals the trrawLing speed should be over -4.4 knots. 

5.2 . The correct :i,nterpretatJiOIJJ. of the echogram can be used art: eva
lua'tiing the degree to which the trawl is filled Mtch fush. 
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KRATAK SADRžAJ 

Autom su izvršili analizu zaviisnosti između povrsme znakova jata regi
st11i:ranih na ehogramima mrežnih sonda i rezultata ulova kao i između 
površine znakova jata puta stupanj zacrnjenosti znakova jata ,i rezultata 
ulova pri različitim brziinama kočarenja. Kod ispitivanja su u:.>Jimane u obzir 
brnine kočarenja ispod 4,0 uzla, od 4,0 do 4,5 uzla ii iznad 4,5 uzla. Materijal 
za ,ispitivanje je sakupljen na kočarima hladnjačama kojci su obavljali 
ribolov lebde6im kočama na loviištima sjevera-zapadne, jugo-zapadne i južne 
Afrike te Irske. Analizom su obuhvaćeni rezultati. ulova srdele, šaruna, skuše 
i zmijičnjak sabljaša. 

• Izračunate koeficijente korelacije ,između ispit&vanih osobina kod ulova 
srdele pokazuje tabela 1, a kod ulova skuše tabela 2. Crtež ilust11ira 
oviisnost !između povrŠiine regist11iranih znakova jata na ehogramu mrežne 
sonde i rezultata ulova srdele pri različitim brzinama kočarenja, a crtež 2 
ovisnost između broja rgi:stniranih jata na ehogramu mrežne sonde i okomi
tog ehosondera te rezulta-ta ulova s,rdele. Na crtežu 3 su pokazani geome
trijski parametri jata srdele zbijenih koncentracija u različitom vremenu 
dana i noći . 

Prostu regresiju za ovisnost između površine regist11iranog znaka na 
ehogramu mrežne sonde i rezultata ulova skuše pokazuje crtež 4, dok za 
površinu registniranog znaka puta stupanj zacrnjenosti i rezultata ulova 
skuše crtež 5. 

AnaHzom je utvrđeno da je koefiioijent korelacije između površ.ine regi
st11iranog znaka na ehogramima mrežnih sonda a. rezultata ulova različit za 
različite vrste riba i ovisi o brnini kočarnnja. Ma1a vrijednost koef,ioijenta 
korelaoije pDi brzini kočarenja .ispod 4 uzla pokazuje da znatan dio ribe 
bježi iz koče. Kod kočarskog Dibolova pelagičnih riba koja Žlive u jatima 
treba kočaniti brzinom preko 4,4 uzla. Pravilna interpretacija ehograma može 
biti iskorištena pri ocjeni stupnja napunjenost;i koče nibom. 




