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The analysis of the system of the fishing unit measures worked out in
1969 for trawvl, purse seine and drift net fisheries shoved that the system of
measuring vhere the same units are used for all fiching methods will have very
great advantaoges. Based on this conclusion, we tried to work out and to apply .
the same units of fishing power, fishing effort, efficicncy and intensity for
beach seine, set gill net, long line and others used within the modern fishery,
ag for the three methods of fishing considered carlier. With this aim we divide
all fishing geoars into the following three groups:-

1. Gears the fishing power of vhich is defined directly;
2. Gears the fishing pover of vhich is defined cxperimentally;

3. Gears the fishing pover of which is defined by comparison of catches.

o]

The value of fishing power is the same for all fishing gears, i.e. the
volume of water swept per unit of time.

The first group, in addition to travis, purse seines and drift nets already
considcred, includes all dragged fishing gears. The characteristic feature of
the fishing gears of this group lies in the fact that the volume of water swuept
by them con be directly counted by their dimensions and parsmeters of the
fishing exploitation.

The second group includes the fishing gears within vhich the volume of
the vater swept depends considerably on the radius of action of the devices
or factors cmployed for the attraction of fish to the fishing area. The
attraction of fish to fishing gears by mecons of electric light has been studicd
intensively, and this method is now widely used in combination with 1ifting
nets (verands traps ) and fish pumps. For different items of fishing end sources
of electric light the radius of the sphere of fish attraction is determined
cxperimentally. Thus, for cxample, it was found that this radius at the sources
of clectric light used in the Caspian kilks fishery equals 20 n, and amounts
to 25-35 m in the TFar Bast sauxy fichery.

The fishing power of the fishing gears cmployed in conjunciion with
the devices for the attraction of fish in the fishing area provided the radius
of action of the attractive factor is knoun, cen be defined by the product of
the woter volume contained in the sphere of attraction, by the coefficient
of fishing continuity.

The coefficient of the fishing continuity is assumed to be the rolation
of the time of action of the atiractive factor in the course of a given fishing
poriod (for cxample, a night) to the general duration of the period.
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: The third group comprises the fishing gears that according to prescont
knovledge can neither be related to the first mr to the second group, because
the actual volume of water swept by them has not, for some reason or other,
yiclded a precisce definition. It is proposed to determine the fishing pouver
of these gears in on indirect woy, i.c. by comparing the catches mado by these
fishing gears with the catches taken by the other fishing gears for which the
volume of water swept is knowm. Thus, for cxomple, if the catch of a drift
net = x, the volume of water swept per wnit of time = Vx, and the catch by
the same scet single-walled gill net vhen fishing the same items is y, theon
there arc good reasons to believe that the wnlknowm water volume (Vy), suept

by a sct gill net equals:

V=Y::

¥ x

In other words, we assume that the fishing power of the set gill ncis
vill diffor from the fishing pover of drift nocts so mony times oz the average
catches of the former gears arc more or less than the latter geoxs.

It is covidently possible with this method to define not only the fishing
pover of the samec type of fishing gears, as in the cmampic above, but also of
21l other sccondary fishing gears founded on differcnt principles of fishing,
for instance, nets in comparison vith hooks, nets in comparison with traps
cte. It is only necessary to remember thot in this case not the cctucl
volume of the woter swept is taken into consideration, but o cericin con-
ventional value is needed to cxpress the fishing power of 21l fishing gears
in commensurable units.

Excmples of the cstimation of the fishing power for all fishing gears
of the third group are given below.

A. Set zill nets

In order to dctermine fishing power of o set gill net we compare its
catches with the catches of the same drift net: the anmnual catch in centners
por drift net averaged over the USSR (by yca.rs) is as follows:

- .

Avercge for

1965 1966 1967 1968 1969 5 yoars

1.03 T.07 6.83 7.26 8,02 Te24

The average catch per sct single-walled gill net of the same dimensions g,
akes up 1.78 centners.
A drift net 30 m by 12 m per 1 000 m drift sweeps the volume of vater: Vy
cqual tos )
Vy = 30212 x 1 000 = 36 000 ms.

Hence, the cquivalent volwme of water suept by a set gill net, Vx, can be
determined according to the formulas: g

Qv- . v e
w o X Y . LT3 x 36000 _ g g0
Uy T.24

This volume cquals approximately the cylinder volume, the base of vhich
is o circle with o diamcter equal to the length of the net and the height equal
to its height, i.e.:

012 o _ 304 = 30° x12
4 : 4




Txw!, proceeding from the ratio of catches, the following formuia can be
used for the definition of the fishing pover of set gill nets:

2
v - .1l ma_

(1)

06060 00000C0 S

4%
vhere
1 = 1iength (m)
a = height (m)
n = number of nets
t = time of fishing (days).
B. Traps

In a number of cases we can find exomples of simultaneocus application
of traps and set gill nets vhen fishing the some items. Thus, for instance,
in vhe Don area of the Azov Sea sct traps and set gill nets were used in the
bass and brecu fishery for a iong period. The netvs measure 20 m in length
and 3 m in height.

There arce three catogories of set traps, the length of a guiding wing
being 30, 80 and 150 m, xvespeciively, the average height being 3 m.

Both fishing gears arc uscd annually at the same places and at the samce
times in spring from 15 March to 20 April, and in autumn from i October
to 20 Deccember.

In the years from.1946 to 1955, i.c. in the period of the most inten-
sive use of thesc fishing gears in the Don axca of the Azov Sea, the annual
catch amounted to:

I. Per net, 20 x 30 n 3 c
II. Per trap (having a single heart), the
length of the wing being 30 n 20 ¢
III. Per itrap (having a single heart),
the length of the wing being 80 m 50 ¢
IV. Per trap (having two hearis),
the length of the wing being 150 m 160 ¢

Provided that the lengths of orders of sct gill neobs are cqual to the
longths of sca guiding wings of traps, the ratio of their catches is as

followss-

II _ 20 ) 11X 50 . v _ 160 -
I- 75 - A4 T 12 Ae2; 7 = o o= Tl
The volume of water swept when estimated according to the formuins:-
I 12
v = __71;_22— (for ncts)
IIq2
VvV = -—-%1—-—"‘1—- (for trops) comes to the following:
II _ 2120 . I 15072 . v 52987 _
I © 7480 =4d T S = 40 T = Fogs = 10
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As is seen, the corrcsponding rotios of the catches and the volumes of
water swept by traps and set gill nets are closce to cach other. . Procceding
from this we may assume that the fishing power of traps with a precision
sufficient for practical estimations can be cxpressed by the following formulos

. 2
V ('trap) = q (tmp) V Cclt. C o= —El'i‘——a—' ecssesoers (2)
g cm.c % 4%

C. Hooked fishing gears

In the 30's set gill nets and long-lines vere rather widely uscd in the
cod fishery at the Murman coast of the Barenis Sca.

Till now, the fishery of spring spawming cod (skrey) in Norway has becn
made by set gill ne’c» and hooked fishing gears (lines ond long-llncs) In 1961,
for cxomple, 53.1/0 of the totol catehr of these fish were caught by nets, ond
36.%> by hooked fishing goars. Recently, the specific weight of ncts and hooks
in the skrey fishery has docreased somevhat, but, novertheless, these gears

remain the essential ones up till now. Skrey catch per fisherman amounted tos

by nets in 1959 -~ 62.4 c; by nets in 1961 © - 47.0 ¢
by hooks in 1959 - 53%.6 c; by hooks in 1961 - 64.2 CX)

According to previous dwuu, the catch in 1969 per fisherman engoged in
the iinc and long-linc fishery was approximately 5 centnexrs higher than the
catch taken in the net fishery. Thus, if wve toke an average of many-ycaxr
figures, it appears that the catches per fishermon in net, line and long-linc
ficheries respectively are about the some.

A I\on'w gion set gill net for cod fishing is 28 m long, height in setting
being 5 m. =/ The fishing power of such a net is

0]
< - 2 . -
II 31. na _ _3.14 x 28. x I x 3 _ 1 846 3.

v

If we try to determine the fishing power of iong-lines, we suppose in the
first instance that the distance between the hooks of long-lines procecding
Trom thelr catchability has been properly sclected. Then cach hook may be con-
sidered as o centre, and o gonging as o radius of the water volume swept,; 1.C.:-

Vhoolf. = HR3 a8 0000 ee0e (3)

\Nl—!:-

The length of gengings in the Norwegion cod long-lines (R) is 0.46 m,
Substituting this v'mlue in the formula we then see that onc hook of such o long-
line has to sweep a volume of water equal tos

V hook = 4 1 33{0’46; 0.41 m?

x) KUZMICHEV, A. B., 1964. TFishing industry of Norwoy. Ed. by VNIRO.

xx) TAO Catalogue of Fishing Gear Designs, 1Mo.408, Rome, 1965.



Having divided the volume of water swept by one set gill net by 0.41,
we then getiw

1 840
0041

= 4 488

i.e., onc net corresponds to approximoitely 4 500 hooks.

The Norwegion cod long-linc consists of 16 200 hooks and is served by
five fishermen, and consequently cach fishermon serves:

16 200 hooks : 5 = 3 240 hooks
The number of nets per onc fisherman averages 7.

At the same time the catches per one fishermon in the net and hook
fishery, as shown above, are approximately cqual. This meons that the rodius
of the spherical voiume of water swept Dy one hook approximately is not equal
to the length of the ganging, but somevhat longer.

Let us determine this radius on the cssumption that the catches aond
the volumes of water swept remain the same, and at the same time taking into
account the number of fishing geoars served by one fishcrman:

Ve

set gill net v long-lines,

hence,

- 4 3
sot gill met = 3 LR 3240

or
3
R =\/ X TV eset gill net
4 = 3 240

Then, using constant numerical values we getbs

7V

5 .
R = / 3 x 1846 =x - 0.8 m
4 x 3,14 x 3 240

Having placed the thus obiained value of I in the formula (3), we find
that one hook of long-lines ond lines in the skrey fishery sweeps a volume
of water equal to:

= il. = "4-. 2 = o 3
Vhool; - 3 IIR3 = 3 .14 x 0'9526 = 5-9882 : 4.0 m

Therefore, procceding from the ratio of catches, one may assume that
the fishing pouver of hooked fishing gears con be defined according to the
folloving formuio:

4 IO Rn
hook 3 +
vhere,
R = radius of the fishing spherc found by the above-

mentioned method, and

n = nmber of hooks.

In this cstimation we usced catches per fishermon., The task might
obviously have becn solved in o much simpler way if the direct data on catches
per net, long-line or hook had been available.
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Since Bat gill nets are very widely distributed ond easily
accessible fishing gears, the determination of the fishing pover of oy
coastal fishing gear by comparison of cotches offeors no difficulty.

As to the reduction of fishing power in various kinds of fisherics
to the common index, we shall not only define the total fishing effort in
the socalled 'mixed fishery!, but also differcntiote it according to the
kind of fishery.

As o result of dividing all fishing gears into threce groups and
expressing the fishing power by the above-mentioned methods, we monoged
to perfect considerably the system of the unitse vorked out in 1969 and to
use it for oll kinds of fishory with n¢ exception.The summary table of the
nethods on the definition of the fishing povrer of different fishing gears
is showm in Figures 1 and 2.

LAs o common unit for the fishing powver for all fishing gears tie
pover at which 1.000.000 m? of water is svept per unit of time is ascumed.
e cstoblishment of this value of fishing pover unit wos based on the
cstimation given below,

The fishing power of the most videly distributed modern troul
(horizontal opening 37.5 m, vertical mouth 3.9 n, speed of trovling 4 Imots,
i.c. approximately 2 m por sccond) per hour of trawling ( 3 600 scconds)
mokes ups

37.5 = 3.9 x 2 % 3 600 = 1053000 = 10° nd

This is the valuc that has been cssumed as o unit.

The determinations of the fishing power, fishing efficiency cnd the
intensity for all this remained os previously (sec 1970, Special Mecting
on leasurcment of Fishing Effort, Doc.No.2), with the only differcnce
that these indices in all kinds of fishery were also measured by the same
units,

L ounit of the fishing effort is the product of the fishing powvor by
the tlme of fishing during o 24-hour period; the time of fishing in ail
cases in the poriod within vhich a fishing sear is actively fiching. For
the different fishing geoars this time is defined in the folloving woy:-

number of hours travling

Troyls - 7 hours

Time from the beginning of
shooting till the ond of Tumber of

so soines - pursing in hours shootingo
24 hours

Traps and other
stationary fishing - number of dgys fished
geaxs

s s s Number of Avercge duration of
Drift fiching s e -
wonws drifts x o drift (hour)

24 hours

Fich pumps and 1ifting = +time of action of
fighing gears applicd fich attracting \
vith fish attraocting devices per cycie x Ig?ﬂg?rm(’f
devices to a fishing (hour) CJ;Z_]_J'ED
ares yeLcs

Other fishing geors - time of active fishing per doy
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The fishing cfficicncy, as found eariicr, is the rotio of the cotch for
o period of fishing to the fishing cffort for the same period. Hence, o wnit
of fishing efficiency would be expressed os follows:-

Tons
106

If the catch is averaged over a sufficiently long period of time, the
unit of fishing officicncy for each class (group) of gear will accurmlate
all the peculiarities o the fishing process, including fish bchaviour and
the orgonisation, technique ond tactics of fisching., Unlike the measurcs
used; such os catch per unit time, cobch per wnit tonnoge, cte., vhich are
not connocted wvith the principle of fishing, the new measure of fishing
cfficiency will incorporate both the cffecet of fishing and the degree of
perfection of the fishing technique. VUith unchonged fishing technique; the
fishing pouver rcmainc the same and the fishing officiency of the gear will
chienge proportionately with the changes in the stock. Considering that the
fiching cfficicncy is based on actuel cotch doto over a long period of time,
it is olso more accurate than other cstimotes arrived at theoreticolly on
the basis of various assumptions concerning fish bchaviour.

Vhen chonging (perfocting) the designs of fishing gears or the methods
of their gpplication,; and provided the fishing power remains constent, then

"the averoge efficicney for o rother léng period of time will permit to judge

as o the efficicney of the innovations. Thus, such perfections in the travi
fishery, for cxomple, as the use of cables, clectric current, concentrating
the fish in the travl mouth, as well ag the towing of o trovl from two vesscis,
the use of hydroaccoustics ote. in the given cystem do not relate to the means ol
increcsing the fishing power, as was sometimes noticed in the past, but
relate to the methods increasing their cfficiency.

Vhon procceding from fishing coffort ond fishing cfficiency it is
possibic to detormine for practical purposcs, cnd vith o quite sufficient
accuracy, ghe fishing intensity, differcentiy called "the intensity of
fishing".® :

So far there has been no clear definition of the notion "{the intensity
of fighing", as well as of other fishing paroncters. The fishing intensity
was understood by some to be the ratio of the sguare swept to the square
of the surface or the bottom of tiwe wmterbody (goumetrical intensity of
fiching), while othors charoctorined the fishing intensity as being the
nmmber of vesscls participating in the fishory, fishing gears, tine etc.

The lack of an ogreed viewpoint as to the wnderstonding of such an important
term oo “the fishing intensity" creates great difficultics in the anclyses
of the fishing effect on the stock, as well as in the solution of many
operative problems of fishery regulations.

In ‘the given system of units, i“J]_g 51&’ intensity meons the ratio of
the water velume swept to the general/oren ofQistribution of the species
fiched. Therefore, the fishing intensity is o siszeless value.

For the specics, on vhich fishing intensity is rather high, and of
vhich the fishing arcas are clearly rostricted (for instance, flounders of
2ll arcas, the specics fished on, the Great llevfoundland Bank, cod off
Lofoten Islands ond Icclznd, seo bass on the Hopytov Bank cte.), both
volues cxe comnensurable; and it presents no difficulty to deternmine tiwe
fishing intensity. TFor the species on vhich the fishery is only slightly
doveloped, and of vhich the arecos of distribution are cither unlmowm or
too vast, it is otill difficult {o define the true fishing intensity by
neons of the above-mentioned method. The fishing intensity in these areos
con be roughly cxpressed by the product of the fighing effort by the siszceiess
cocifTicient of catchability (in cases uhcre the coefficicnt of the catch-
ability of fisning geors is u:rﬂmozm). The value chiaracterining the fishing
intensity wiil in this case be amressed in units of the fishing cffort.

x) TPishing intensity should not be confounded with the intensity of the
catch vhich is the rolation of catech to gtoclk.
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\
If the coefficient of the catchability of fishing gears is unimowm ond
connot be determined, the fishing intensity can be chamacterized by the product
of the Tfishing offort by the dimensional velue - the fishing efficiency. This
product,; as ve cen cec, is expressed in units of weight, i.e. is nothing more
than o cotche

In order to characterize the fishing intonaity of the itoms digpersed
over vast areas, the method of comparison of the actunl catches with the valuc
of the optimal catch moy ~lso be employed, provided that this value is knowm
or can be defined, In this case, the fishing intensity, as in the case of the
volumes relation, will be expressed by sizeless velues.

In future, however, it is necessary,vith thoe development of the fishery.
to ainm ot using the only method for determination of the fishing intensity,
ncmely the true intensity of fishing that is tho relation of the water volume
swept to the volume of the distribution of the fishing items.

Then turning fron the fishing indices (power, offort, efficiency, .
intensity) of ceriain fishing gears to the summory indices of the work of the
fishing flect and flotillas, the obove tnits for measuring the fishing wvould
be too small; thercfore, in addition to the initicl unit of the fishing pover
equal to 105 cnd the units for neasuring other poarometers corresponding to it,
i% is advisable to have also units vhich are 10, 100 and 1 000 times as nmuch.
Then; 1f ve toke specific mminations and designoations, ve will goet the measuring

e

systen of the indices mentioned as showm in Table 1 below.

Table 1. Scale of fiching unit neasures.

Weme Purposc Abbreviation Dimension Fraction ;of basic
109 nd -
Promm lecasure jon] m 1
Deeiprom of dpm 108 w3 1:10
24 hours T
Centipromm fishing cpm }2’.7._113__.. 1:200
24 hours
Milliprom pover mpn 100 n3 i: 1000
24 hours
Promus Measure o 109 m> i
Deeapromus of apy 108 3 1:10
Centipromus fishing cpy 107 wd 1:100
Miliipromus offort rpu 106 m3 1: 1000
Promef lleasure pe © 1
109 nJ
t
Decipromef £ dpe 1:10
P © P 108 o>
Contipromef fishing cpe e 1:100
i0T w3
Millipronef officicney mpe —_— 1z 000
1009
9 03
Pronin lcasure pi 10° o =gizcless 1
109 nd
Decipromin of dpi __.109..@.3__ = sizcless 1:10
10° nd
‘ 5
Centipronin fishing epi. 107 o siceleos 12100
107 w3
Miliipromin intensity mpi 10 w3
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The general assessment of the fishing pouer becomes much simplor with
such o sclection of the units scalc.

TFor the full and wniform osscssnent of 2ll kinds of fishery made by the
verious modern dovices the following doto must be availables-

1, The fishing powver of the fishing gears

Tor coch fishing gear of the industrial fishery the fishing powver should
be esteblished by one of the zbove-mentioned methods and should be indicated in
its 'passport! (for the industricl methods of fishing) or dircctly in the
nomination. For exomple; trop npm - 7.2, i.c. the trap thot fiches
7.2 = 105 nd water per 24 hours of continuous fishing.

2. The number of fishing gears,and 3. The number of days fighed

TFor trovl fishing gears it ie wore convenicnt to carry out the coilection
of dota in hours of traviing ond then to convertv them into doys.

For pursing, drift fishing gears and gears applied with the dovices for
ttroction of fish to the fishing area, as well as for travl gears, 1t is nccessory
to introduce the count of the active working time of the fishing gears meosured
in hours md to registrate it in the boat logs. The summnry number of fishing
hours divided by 24 will characterize, inthis cose, the number of fishing deys.

For the approximate count of the fishing time by these fishing geors
the product of the aversge duration of their ceotive work per cycle by the nunber of
cycics con be used.

In the first cose it is sufficient to collect the date only on the number
of fishing hours, vhile in the second casc, the dota on the cverage duration of
fishing per cycle in hours ond on the number of cycies wili be neceded.

For the stativncry fishing gears the data on the number of doys shont
in fishing arc sufficient.

For all other fishing gears the dotz on the time of active fishing por
doy vill suffice.

4. The caten

The catch for oIl fisthing gears should bé roprosdnted by specich of "fish
in tons with an indicotion of the tine and place to vhich this catch relates. In
order to focilitate the collection of data and to increose the precision of the
fishery data, it would be advisable o claborate ond to have in the fishing
vesseols the aunbonatic devices for the registration of the following porometorss

1. Tuober of hours! traoviing
2. Tinc of active operation of pursc scines
3. Duration and length of drifts of the vessels with fishing geors

4. Duration of the action of the fishing stimulators (light,
clectric current ond so on).

All these dovices can apparently be very simple and chieap; however, their
opplication will allow %o increase greatly the quality of the count in the
fishery and to bring it to o really scicntific basc.

This, in turn, opens the possibility of the more concrete manogoment of
fishing efforts in the fishery, crcates the conditions for the considerable
simpiificotion of thie scientific fishery statistics and for the wider application
of computing technique.



Begides,obtaining the united quantitative assessment of the specics,
all together and each one separately, under modern conditions is very .
important for the study of the interreclation between the stock and the fishery.
It is also of great importance for the elaboration of the theory of the optimal
cateh ond for the solution of oiher scicntific problonms.

This method allows the dotermination in comnparable units.of the fishing
power and other characteristics of fishing in eariier years. Tne usc of tuis
method is of special interecst as to the estinntion of the dymamics of fishing
cfficiency in relation to the dynomics of fishing effort in the most impdrtant
fishing arces.

An importont advantage of <he proposed systenm of units for meomuring
fishing lies in the fact that it moy be used to provide the basis for the
quentitetive characteristics of the operation of a fleet in working ous
futurc plens on the basis of the rational cxploitation of the stock and fishing
technique.

Tne unification of fishing unit measurcs is ot present cquelly importout
both for technical and for biological purposcs.
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Figure 1. The gears the fishing power of which is defined directly.
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Treschev
Fishing power Determined
Fishing gear parsmeters
Radius Coeffi-
of at- cient
trac~ of
DIAGRAM FORMULA tion fishing
continui-
ty
FISH PUMPS
LIFTING
NETS

x) T and t; = The period of time during a day when the

lamp is switched on and fish pumps and

nets are respectively used,

x) Duration of the cycle from 1lift to 1lift

Figure 2. The gears the fishing power of which is defined

—

experimentally.
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: , Fishing power
Fishing gear
Diagram Formula Basls
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SET GILL ée. § . __1[( .14 na.. JeecVax
NETS V_ 4 a 4 Garc.

TR;PS T _fez 71:820 QaVere
=] V="7-Q [Pt

e e

HOOKED S R " . - . R
D 3 s wlhna
FISHING ‘@@@ lV:%]ZR N .é’q[Rn x 7
GEARS . | . o
Figure 3. The gears the fishing power of wh;i.ch is defined

by comparison of catches.



