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Abstract

Comparative analysis of differential catchability of two
fry trawls (international IYGPT and Soviet 13.6 m trawls) was

made for correct interpretation of the results of trawling.

Introduction

The present investigation was necessitated by the results
of comparative trawlings conducted with two fry trawls: the
international IYGPT and the Soviet 13.6 m trawls. These trawls
were used in tﬁe area of massive aggregation of the young sil-
ver hake, on the Scotian Shelf, during thé cruise of the
SRTM-8086 "1500 LET KIEVU" in October 1983. The mean length of
the young fish taeken with the IYGPT trawl was 6 mm below that
taken with the 13,6 m trawl.

In the present paper an attempt is made to disclose the
influence of constructural differences in the two trawls on the

distribution of length frequences of the youngs in the catches.
Materials and methods

Various methods were used to catch the young silver hake.
The 13.6 m trawl was used only for near-bottom hauling, and the
IYGPT trawl for three-step hauling: off bottom, in the pelagial
and at the surface. 30-min hauls were made at the ship's speed

of 3.5 knots. Echo depth meter (IGEK) was attached to the head-
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line to set the trawl to the required depth. The trawls and

their rigging somewhat differed in parameters (table 1). The me-

thod of statistical theory of fishing syStems (Kadilnikov, 1973;

Kadilnikov, 1983, a, b) was applied to determine whether const-

ructural differences in the trawls had affected the distribution

of length frequences of the young fish in the catches. According

to this theory, the differential catchability should be estimated

first (Karpenko et al., 1984), followed by the determination of
the fish length distribution in the catches for the two trawle.

The statistical theory implies that the probability of obtai-

ning a catch other than zero is & measure of catchability (Kadil-

nikov, 1983 a). It is regarded as the probability of a complex event:

where P,

Pio

P = P1P2P3P4P5P6P7PBP9P1O
is the probability of fish entering between headline
and footrope;
is the probability of fish entering between trawl boards;
is the probability of catching fish along the trawl
track;
is the probability of fish entering between trawl wings;
is the probability of fish entering in the trawl opening;

is the probability of fish entering in a zone fished
with small mesh section of the trawl;

is the probability of retention of fish in the trawl
while hauling;

is the probability of retention of fish in netting co-
ver of the trawl bag;

is the probability of retention of the fish in the
trawl while haulback;

is the probability of retention of fish in the trawl du-
ring a time interval Tk’ after fish entered it.

The differential catchability is the catchability of a trawl

relative to the fish of the same species, but differing in length,

thet is, the differential catchability is considered to be a func-

tion of the fish length.

The probabilities P3, P7, P9 and P10 are approximately

equal to a

unity, because the young silver hake do not form large

shoals, these shoals move at small speeds, and the trawl parame-




ters are large enough.

The probabilities Pl ’ Pz and ! 4 are similar for all
léhgth frequences of the young fish. Therefore, only those pro-
bé.bilities should be calculated, which are functions of the fish
length end their exterior, i.e. the probabilities £ , P, ena

Px « Product of these probabilities would be caelled a sensi-
tive fraction of the differential catchibility, and expressed
as P . On assumption, that the range of the young silver hake's
reSponse to the elements of the moving trawl is small, the pro-

babilities PL, and ’Dé can be derived from the following formu-

las: P e -£ Ve-Sin oCc)
AR nanliaaty V Sit de £ Vinax
[ te ( { Vmax P”
P =z (2)
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where ‘Z-t is the distance between trawl boards, m;

e is the distance between trawl wings, m;
Vmax is the meximum horizontal speed of moving fish
(differing by length), m/sec;
Vt is the hauling speed, m/sec;
oCc is the angle of attack of cable, degrees;
Pl! is the probability of fish entering the sur-
faces occupied with hydrotrains left by trawl

boards and cable sling of the trawl.
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where 5 is the height of a fore rib of a trawl board, m;

ﬁt is the vertical opening of the traw}, m.
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R [iﬁb )J (4)

w Vi cind € Vimax
P - Vmax
15 0 Vj -sind > Vinax ~ (5)

'wheré Zo is the horizontel opening of the small mesh

section, m;
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ié the vertical opening of the sméll mesh section,'
is the angle of attack of the netting twinej;
is the probability of fishventéring the gua-

ranteed zone of fishing from the active zone.

The probability of retention of the fish in the netting

" cover of the trawl bag can be derived from the formula recently

déduced by Kadilnikov, and kindly offered by the author fdr

using in the present paper.

-P(5), ©

where m = m/.sh - Mmech
.————-—-————_'—'—'-’
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-is the mathematical expectation of the differen-

ce between the mesh perimeter and circumference
of the fish body, mm;

is the normal distribution function;

is the mean square deviation of the differenge‘
between the mesh perimeter and circumference,mm;
is the mathematicael expectation of the perimeter
of the maximum circumference of fish of the pre-
set length, mm;

is the methematical expectation of the inside

mesh perimeter, mm;

is the mean square deviation of the peri-
meter of the maximum circumference of the
fish quy, mm;

is thevmean-square deviation of the inside

mesh perimeter, mm.

To estimate the above-mentioned fraction of the differen¥ 

tial catchability, limited information on the fish behaviour

in the trawl, and their biometrical data are required. The maxi-

mum speed for the fish below 7 cm in length can be calculated

from the formula by Kedilnikov:

Viax ~004/ff o
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where A g is the total length of the fish body, cm.

The estimated values of the maximum speed of movement and
processed results of biometrical measurements of the young hake

~ are presented in table 2.

The results of estimating the elements of the differentidl
catchability are given in table 3. As is apparent from the table,
vthere is a marked difference between the values of the prdbability

ﬁs for the two trawlg (2-2.5 times) for the entire examined range
of fish lengths, so, in order to determine the influence of diffe-
rehces in trawl parameters on the shift of the mean length of
the fish in the catch, it is necessary to estimate the distribution
of the fish length in the catch, which can be expressed by the
ratio: me;

-3 maJ' (8)

7
d
where n]Qiis the mathematical expectation of the catch of the

i-th 1length class in number;

J@/ is the number of length classes.

The mathematical expectation of the catch (Kadllnlkov; 19830)

can be derived from the formula
mg-(Ume)mp(leh Vi T)RP,

where Ja is the density of a field of the young hake shoals;
My is the mean volume of a shoal, m3;
nlp isvthe density of fish in shoals, sp./m3;
FL is a fraction of the complete catchability constant
for all fish;

ﬁ?t is the heuling duration, sec.

Let‘s observe that

(A-me-mp); -B,=ni (10)

~where N3 is the number of fish of the i-th length class;
,60 is the habitat volume.

‘ Prom the formulas (9) and (10) the expression (8) is modi-
fied as follows:
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,2_ (A-mg-mp); - P,
N -
L (A'mgemp); - P an.

It d |

where JW/ is the number of length clasgses.

To apply the formula (11) the length frequency of the fish
in the exploited aggregation should be known. The authors examined
four types of length distribution in the aggregation: according
~ to trunkated exponential, equiprobable, normal and Weibull laws.

The observed distribution of fhe fish length in the catch is the

closest to the calculated distribution (table 4), when the fish
length in the aggregation is distributed according to the Wei-
bull law (Gost 11.007-75): 4 _(};C/g
k. (‘L_c) e Y e
; _Ja b as
%(x; q, 6/6)'— . (12)
0 xXe¢C

with parameters & = 1.0 m; b = 0.5 mm; c¢ = 20.0 mm.

The,investigation into the laws of distribution of the fish
length in the aggregation has resulted in different theoretical
distributions, which are practically identical for both ships.
The calculations were made with regard for similar operational .

conditions for both ships.

Summary
According to calculations, the distribution of iength

frequences of the youmg hake in the catches of the IYGPT and
the Soviet 13.6 trawls is practically the same for both trawls.
and differs insignificantly from the observed data. The shift
of the mean length of the youngs(by 6 mm) in the cafches taken
with the IYGPT trawl can be related to the fact that it was
predominately (2/3 of the haul) towed in the pelagial and at

the surface, where, evidently, the smaller size young fish had

concentrated.
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Table 1 Parameters of IYGPT and 13.6 m trawls

: Meas. IYGPT 13.6 m
Parameters units trawl trawl
Vertical opening, 7Q~t : m 7.00 6.00
Door gpread, f[t " 48,30 15.80
Horizontal trawl opening, Z " 11.00 8.00
Vertical opening of small mesh section (zone of , "
guaranteed fishing), A, 4.20 3.40
Horizontal opening of small mesh section, Zo " 4.20 3.40
ingle of netting attack, o 7 degree 8.90 8.60
ileight of fore rib of a trawl board, B m 1.44 1.44
Hauling duration,,(zt , sec : 1.800 1 800
Hauling speed, \(t knots 3.5 3.5
Assesément of mathematical expectation of mesh mm 20 20
perimeter in trawl bag, M m_
Assessment of mean square deviation of inside "
mesh perimeter in trawl bag, (. 1 1
ingle of cable attack oL, degree 19.80 17.40
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Table 2 Estimated maximum speeds of movement
‘ of young hake and results of biometrical

measurements

{gflg%h lg?x}ngﬂmgﬁied' ggr%?:ﬁe§03§ m:;imum circumference
of fish of the fish, . !
ody, | Vaax M/oee'  TETImIE of T oIS oF
Z,{, mm ~tion, M4, mm G4 » mm ’
20 0.1 12,0 1.0
30 0.1 4.5 1.5
40 0.2 17.6 2.0
50 0.3 21.6 2.2
60 0.3 2541 2.3
70 0.4 291 - 2.8
80 0.4 33.0 3.0
90 0.5 36.7 2.9
100 0.6 41.7 3.5
110 0.7 ‘ 47.6 4.6
120 0.7 52.5 ' 4.4
130 0.8 ~59.0 4.0

140 0.9 60.8 6.5
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Table 3 Sensitive part of differential catchability
( P ) and its elements

Fish length, mm IYGPT trawl 13;6 m trawl
20 0.00000 0.00000
0 0.00005 0.00012
40 © 0.00750 0.01723
50 0.04998 0.11962
60 . 0.06524 0.15615
70 0.10706 0.24475
80 0.10717 0.24500
90 0.13145 0.29600
100 0.14770 0.35112
110 0.20114 : 0.40500

Table 4 Calculated distribution of length
of young fish in the catches

ggt;iuizngggh, Ratio of gguﬁgefizgcgf %1fferent length
Ly s mn IYGPT trawl 13.6 m trawl
; (mean length, / = 58mm)*!(mean length, # = 58mm)*

20 0.0 0.0

30 | 0.7 _ 0.7

40 . 20.6 20.2

50 30.6 31.3

60 20.0 : 20.3

70 13.8 13.5

80 . 644 6.3

90 3.9 3.8

100 2.3 2.4

110 1.7 1.5

* Calculated mean length of young fish
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Fig. 1. Young hake distribution in the catches by IYGPT

and 13.6 m trawls: 1 - obgerved and 2 - calculated.
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