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PREFACE

Due to the inclusion in the Agenda of the Standing Committee on Research and
Statistics (STACRES) of an item on the principles of fishing effort regulations,

the Soviet delegation submit its proposals on the method of defining fishing effort.

These proposals were earlier considered and approved by ICES, were discussed in
1973 at the Special ICNAF Meeting of Experts on Effort Limitation at Woods Hole,
Massachusetts, USA and at the ICES Gear and Behaviour Engineering and Statistics
Workings Groups at IJmuiden, Netherlands, with a participation of the ICES, ICNAF
and FAO representatives. The IJmuiden Working Group has recognized this method

as a fundamental approach to solution of the problem of the fishing effort evalua-
tion and recommended to the participating countries to study results of its
implementation in their fisheries.

The analysis of the system of the fishing unit meosures worked out in
1965 for trawl, purse seine and 4drift net fisheries shoved that the systen of
measuring where the some units are uscd for all fishing mathods vill hove vexry
great advantages. Based on this conclusion, we tried to woxic out and to apply .
the same units of fishing power, fishing effort, efficioncy and intensity for
beach seine, set gill net, long line and others used within the modern fiahery,
aa for the three methods of fishing considered carlier. With this aim we divide
all fishing gears into the following three groupsi-

1. Coars the fishing power of which is defined directly;

2. Genrs the fishing power of which is defined experimentally;

3, Gears the fishing power of which is defined by comparison of catchos.

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

The first group, in addition to trewls, purse seines and drift notis elready
considcred, includes all droggod fishing gears. The charocteristio feature of
the fishing geors of this group lies in the fnct that the volume of water swept
by them can be directly counted by their dimensions and parameters of the
fishing exploitation.

c2



¥a

-2 =

The second group includes the fishing goars within which the volume of
the water swept depends considernbly on the radius of action of the devices
or factors employed for the attraction of fisn to the fishing aren. The
sttraction of fish to fishing gears by means of electric light hos been studiod
intensively, and this method is now widely used in combination with lifting
nets (verands traps) and fish pumps. For different items of fishing ond sources
of electric light the rdius of ithe sphore of fish attraction is determined
experimentally. Thus, for oxample, it was found that this radius at tho svurocs
of olectric light used in the Caspian kilka fishery equals 20 m, and amounts
t0 25-35 n in the Far Bast saury fishery. '

The fishing power of tho fishing gears employed in conjunction with
the devices for the attraction of fish in the fishing arca provided the radius
of action of tho attractive fector is known, cen be defined by the product of
the woter volume contained in the sphere of attraction, by the coefficient
of fishing continuity.

The coefficiont of the fishing continuity is assumed to be tho rolation
of the time of action of the attractive factor in the course of a given fishing
porivd (for axample, a night) to the generel durntiun of the poriod.

The third group comprises tho fishing geors that according to presont
lmovledge oan neither be related to the firet mr to the seocond group, because
tho actual volume of water swept by them has not, for some reason or other,
yiolded a precise dofinition. It io proposcd to determine the fishing nouer
of these gears in an indirect way, i.u. by comparing the catches mado by thoso
fishing goars with the catches taken by the other fishing gears for which tha
volume of water swept is knmown. Thus, for cxample, if tho catch of a drift
not = x, the volume of water swept per unit of time = Vx, and tho catch by
the samo sot singlo-walled gill not vwhen fishing the same items is y, thon
there aro good rezsons to believe that the wnknown water volume (vﬁ, siept
by a sot gill net equalss

l'

Y Vx
Vy - x

i In othor words, we assume that the fishing power of the set gill nots
wvill differ from the fishing power of drift nots so many times oo tho avernge
catches of the former gears aro more or loss than the latter geaxs,

It is evidontly possible with this method to define not only the fishing
puver of the same type of fishing gears, as in the emampic above, but aloso of
ell other secondary fishing gears founded on different principlee of fishing,
for instance, nets in comparison with hooks, nets in comparison with traps
etec. It is only necessary to romember that in this casc not tho cetucd
volume of the water swept ie takon into consideration, but a cericin con-
vontional value is noeded to express tho fishing power of all fishing goars
in commensurable units. ' ‘
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Exomples of the cstimatiun of the fishing power for all fishing goors
of the third group are given bolow.

A. Bet £ill nets

Tn order to detemmine fishipg power of o set gill not we coupore its
catches with tho catches of the same drift not: the annunl catch in centners

por drift net averaged ouver the USSR (by yoara) is as follows:

Aversge for o
1965 1966 1967 1968 1969 5 yoenrs
7.03 1.07 6.83 T.26 8.02 T.24

The average catch per sot singlo-walléd gill net of the same dimensions g
mckes up 1.768 contners.

A drift not 30mby12mpor1000mdrift sweeps the volume of woiers Vy
equal to:
3

Vy - 30x12x1000= 36 000m.

Hence, tho cquivelent volume of wotor swept by o set gill mot, Vx, can be
determined according to the formulas

e = = - Yy o_ 1.78 _x 36 000 _ g gsp,
q.y 7024

This velume cquals approximntoly the cylinder volume, tho bese of vhich
is o circle with o diometer equa.l to tho longth of the net and tho height oqunl
to its height, i.e.:

v oo B2 o . ozagox 30® x12 g
4 4

ia.:. proceeding from the ratio of catches, the following fomi;-éen bo
usaed for the definition of the fishing puwer of sot glll nets:

2 :
V = ‘n"'la‘t‘—n"a—"" TXEXEIRRRR R RN (1)

vhore

= length (m)

= height (m)
number of nots

= time of fisning (days).

o g5 0 W
L]
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In a number of cases we can fird examples of simuitaneous application
of irops ond set gill nots vhen fishing the samec items. Thus, for inotonco,
in a2 Don area of the Azov Sea sct traps and oot gill nets were used in tho
bass and brecw fishery for a iong period. The nots measure 20 m in songih
and 3 12 in height.

There ars three catogorics of set traps, the longih of a guiding wing
beisys 30, 80 and 150 m, respoctivoly, the avorage hoight being 3 m.

Both fishing gears arc used amrually at the samoe places and at the sanc
tine: 3in spring from 15 March to 20 April, and in autumn from 1 Octouer
%o 20 Deccmber.

In the years from.1946 to 1955, i.c. in iho poriod of the most in'i:en:-
sive usc of these fishing gecars in tkc Don arca of the Azov Sca, the snnual
catch amountoed to:

I. Per nmet, 20 x 30 m 3¢
II. Per trap (having a singlo hoart), the
longth of tho wing being 30 m 20 ¢
III. Per trap (having a single hoart),
the length of the ving being 80 m 50 ¢

IV. Per trap (having two hoaris),
the length of tho wing boing 150 m 160 ¢

Provided that the lengths of orders of sot gill nots are ocquel to tho
longths of soca guiding wings of txape, the ratio of their catchos is as
follous:~ ) :

I, 20 I .50 oI 0 o
I 4.5 = 4-4: I = 71% = 4.2, T = 22.5 7._;_

The volume of water swept when ostimatod according to tho formuiice:-

Il 32
vV = }l- e (for nota)
11,42
- i = (for trops) comes to tho foliloving:
II _ 2120 _,, II_ 15072 W 2 98
T o -4 T ik - 40 o ZRL -1
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As is seen, tho corrosponding ratios of tho catches and tho volumcs of
water swopt by traps and set gill nets arc closo to cach othar. Proccoding
from this we moy ossumo that the fishing poucr of iraps with a proecision
pufficiont for practical ostimations can o axpressed by the following formulos

. : 2 ) -
v (tmp) = -\ (tmp) ¥ om0 bl ""'II-}"""‘B_ sscsaveese (2)
g cm.c t 4t .

- C. Hooked fishing poars

In the 30's sot gill nets and long-lines were rather widely usod in tho
cod fishory at the Murman coast of the Baueuis Soo. .

Ti11 now, tho fishery of spring spoiming cod (sirey) in Norway has beon
mado by set gill nots and hooked fishing gears (lines ond long-linos). In 15Ci,
for cxomplo, 53.15% of the total catch of those fish were cnught by nets, oand
36.%. by hooked fishing geors. Recontly, the specific weight of ncts ond hooks
in tho skrey fishery has decreascod somevhat, tut, novortholess, theso goors
ramain tho oseontiol ones up t1il now. Skrey cotch per fishorman cmountod tos

by nots in 1959 - 62.4 ¢; by uets in 1961 - 47.0 ¢
by hooks in 195§ - 53.6 o; Dby hooks in 1961 - 64,2 o¥)

According to provicus data, tho catch in 1965 por fisherman engnged in
the iine and long-linc fishory wos approximatcly 5 centnors higher thon the
- catch tcken in tho net fishery. Tims, if we take an average of many-yoor
figurcs, it appears that the catches pex fisherman in met, line and long-linc
fisheries respcotively are sbout tho same.

A Nonujgiun set gill net for cod fishing is 28 m long, height in seiting

being 5 m*/ Me fishing power of such o nct iss
2
v_nim . 3.14xie.zzx113 - 1 846 3.

If wo try to dotermine tho fishing mover of long-lines, we supposc in the
first instance that the distence botwoon sho hooks of long-lines procooding
from their catchability has boen properly sclected. Then oach hoolt may vo con-
sidercd as o contre, and o ganging o8 o radius of the water volume swopt, i.0.t-

Vhook = %‘ IIR5 YEX XX N (3)
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Tho longth of gongings in the Norwoiian ood long-lines (R) is 0.46 .
Subatituting this value in tho formule we then see thot ono hook of sucih o long=
linc haz to sweep a volume of woter equnl toi

V hook = i—h—-:;—g—lt"g 0.1 m3

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

»x) TAO Catalogue of Fishing Gear Designs, lu.408, Romo, 1965.
'S

Having divided the volumo of wotexr swopt by one sot gill net Ly 0.41,
vo thon get:~ _ '

l
G- - 448

i.e., one net corresponds to approximately 4 500 hooks.

The Norwegian cod long-lineo consisis of 16 200 hooks cnd is served by
five fishermen, and consequontly each fishermon serves:

16 200 hooks : 5 = 3 240 hooks

The number of nets per one fishexmon avoragoes 7.

At the same time the catchos por one fisheoxman in the not end hook
fishery, oc showm obove, are approrimately cqual. Thnis meons that the rodius
of tho sphericel volume of woter swept Ly one hook approximately is not equal
to the length of the ganging, but pomevhat longor.

Lot us dotermine this radius on tho cooumption that tho catches acnd
the volumes of water svept remain the sams, and ot the aame time taking into
account tho number of fishing goars sorved by one fisherman:

¥ sot gill net ™ ¥ 1ong-linos,

hionce, 3
7Vsotg111net" % 3 320
or 3
R =\/ 3 x 7V set £111 net
4 % 35 240
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Then, using conatant mumericol valuos wo goti

R = 3 x 1846 x o 0.984 m

4 x 3.14 x3 240

Having placod tho thus obtained valuo of R in tho formula (3), wo find
thot one hook of long-linos and lines 13 the glroy {ishery swoops o voiwno
of water cqual tos

Vo -‘3l 0Rd3 = % 3,14 x 0,9526 = 3.9882 o 4.0 md

Thorefore, procceding from tho rotie of ontchos, one moy aosumo that
tho fiching pover of hooked fishing goox® con bo dofinod according to the
folloving formulos

v _ 4 ORn_
hook 3 t
vhoerxe, ‘
R = rodius of tho fisiing sphoro found by the abovo=-

montionod method, and

n = mmber of hooka,

In this estimation we used cntches por fishorman., Tho took might
obviously have beon nolved in o much sizplor woy if tho direct datn uu catchcs
por not, long-lino or hook had boon availnblo. '

. i =

e e e e e b—— . - e e = S———

Since @at gill nots are vory widoly distributod cnd essily
acceesible fishing goars, the detormination of the fiching powver of oy
coasiai fishing goor by comparison of catches offors no difficulty.

As to tho reduction of fishing powor in various kinds of fisherios
to the common index, we shall not only dofino tho total fishing effort in
the gocollcd 'mixed fishery!, but also difforontiate it according to the

- kind of fishexy.

As o result of dividing all fishing geoxs intc three groups and
axpresoing the fiching pover by the absve-montioned methods, wo managed
to perfect considercbly the system of the unite worked out in 1969 and.to
uge it for cll kinds of fishory witn n: excepiion. The summmary table of the
pothods on the dofinition of the fishing pover of different fishing goore
is showm in Figures 1 and 2. ‘ o
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Ae a common unit for tho fishing powver for all ficuing gears tiw
pover at which 1.000.000 md of water is suept peor uwnit of time is assumod,
The cstablishmont of this value of fishing povor unit wos based on tho
cstimntion givon beiow.

The fishing powor of the most widely distributed modern trmii
(horizontal oponing 37.5 m, vertical moath 3.9 m, apeed of trowling 4 lmots,
i.o. approximctely 2 m por sccond) per aour of trawling ( 3 600 scconds)
mokes up:

37.5 = 3.9 x 2 x 3 600 =« 1953000 -106 o’

Thio ig tho valuc that hos beon cssumed as o unit.

The determinoiions of the fishing power, fishing officiency cnd the
intonsity for il this remained ns proviously (esee 1970, Special Mooting
on Measurcmont of Fishing Effort, Doc.liu.2), with the only differonco
that these indices in 21l kinds of fishory wore alsv monsured by the seme
unita,

L unit of the fishing effort is tho product of the fishing pover Ly
the tdme of fishing during a 24-hour poriod; the tiuwe of fishing in ail
cosos in the poriod within which o fishing goar is actively fishing, TFor
the different fishing gears this time i3 defined in the folloving woyi-

number of hours travling

Travlis - 57 howrs
Time from the bogimning of
shooting till tho ond of < Number of
Purco soincs - PUreing in houra shootings
24 hours

Traps and othox
stationary fishing - numbor of duys fishod

geaxra
 en s Number of Average durntion of
Drift fishing R
goars drifta x a drift (hour)
24 hours _
Fishh pumps and lifting time of action of
fishing geoors applicd fich atiracting
with fish attracting dovices por oycio x gﬁ:ﬁi{;’f
dovices to o fishing (bour) 1
aron cyclos
24 hours

Other fishing geaxs - time of active fishing per doy

co9
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Tho fishing officioncy, as found cariior, is tho ratio of tho coich for
o poriod of fishing to the fishing offort for tho same porivd. Henco, o unit
of fishing officioncy would bo oxpresscd o8 follovuai~-
Tons

106 o’

If tho catch is averaged over a sufficionily long period of time, tho
unit of fishing efficicncy for each closs (group) of gear will accumlato
all the peculiaritics o the fishing procecs, including fish bchaviour snd
the orgenisation, technique and toactics of fishing. Unlike tic moasures
ugod, such s cotch per unit timo, coten por unit tonnage, ctc., wiich are
not connceted viih the principle of fishing, tho new measure of fishing
efficioncy will incorporcie both tho cffect of fishing ond tho degree of |
pexrfeciion of the fishing technique. Vith unchonged fishing technique, it
fisning pover rcmeins the same and tho fisbing officiency of tho geor wiil
ciirnge proportionotely with the changes in the stock. Considering thoti tnc
fishing officicncy is based un eciunl coich date over o léng period of timo,
it is rlso moro accurnte than other egtimatce axrrived oi theoreticaliy on
tho basis of various assumptions concerning fish bohaviour.

Vhen chaonging {perfocting) the designe of fisning goors or the wmcthods
of their application, and provided the fishing power remains constent, tueu
the average efficicncy for a rethor long poriod of time will permit to judge
ag %o the officiency of the innovations. ‘thus, such perfections in the twoar:
fishery, for cxcmple, as the use of cables, olociric current, concentiaibing
tho ficu in the trawl mouth, as vell cs the touing of o troul from two veoscLd,
the uso of hydroccoustics ete. in tho given cysicm do not rolote to the means ol
-increcsing the fishing power, as uce sometimos noticed in tho pasi, but
relate to thoe methods incronsing their efficiancy. ‘

Wnon procceding from fishing offort ond fishing cofficiency it is
possibic to detormine for practical purpusss, ond wvith o quitc sufficient
L.CCUTCCY o Bhe fishing intensity, differcntly called "iho intensity of
fiohing" .= o

So for therc has beon no clear dofinition of thoe notion "tho intoneivy
of fishing", os well o8 of othor fishing rornnoters. The fishing intoneity
vas understood by some to be the ratio of tue squaro suept to the square
of ihn curface or tho bottom of the weierctody (zounctrical intensity of
fiching), wvhile others charactorized the {ishing intoneity as being itho
muibor of vessels participating in the fieshery, fishing goars, time etc,

The lack of on agreed viewpoint as to the understanding of such an inporiant
torn o5 “the fishing intensity" croctes groot difficulijcs in the anclyscs
of the fishing effect on the stock, as well as in thoe solution of meny
oporative problems of fishory rogulations.

In the given system of units, f&gﬁ*}gg intensity ‘means the ratio of

tho woter volume swept to tho gcnora]/ ror ofPBietribution of the species
fishcd., Therefore, the fishing intensity is q eiseloss vaiue.
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Tor the spocies, on vhioh fishing intonsity i1s rathexr high, and of
vhich the fishing arcas ocre clearly restricted (fur inst tanca, flounders of
2ll nxeas, the specice fisitod ou tho Greot MNovfoundland Bank, ¢cod off
Lofoten Islands ond Iceicnd, sec bass on the Honytov Bank cte. )s both
velues ore cummcnsurable, and it prosenis no difficulty to determino tue
fishing intonoity. Tor tho spocics ovn vhich the {ishery is only sligaily
develoned, and of vhich the arcos of disuribution oxe cithor wnlmoym ox
too vest, it is still difficult to define tlhiec truo fishing intensity by
means of thie above-mentioned method. Thoe fidhing intensity in theso crons
con be rougniy cxpressced Ly the nroduct of the fishing offourt by dthe sizcless
cocfTicicnt of cotchability (in coses vhore the coefficient of the catch-
apility of fiehing gears is unknoim). Tho velue cuaracterizing tho fishing
intonnity wili in this casc bo axprossod in uwnite of the fishing offort.

IT ihe coefficient of tho catchability of fishing pears is wnlknom ond
connot be determined, the fishing intensity con be chaxacterized by thie product
of the fishing coffort by the ddmomsional veluo - tho fishing efficicncy. Thio
product, os we con seo, is expressed in unitﬂ of weight, i.e. is nothing woro
thon a cotche ‘

In order to characterize the fishing intonsity of the itcus digperscd
over vost areas, the mothod of compexiocon of the actuel cetchea with tho value
of tho optimal catch may also be cuployed, providod that thie valuo is lmouim
or con be defined. In this caso; tho fishing intonaity, os in the case of the
volumes relotion, will be expressed by sizelese values.

In future, nowover, it is necescery,vith the develommeni of the fishory,
to oin ot using the only method for detcrmination of the fisiing intaticity,
nomely the true intensity of fisidng thot is tho reletion of tho ‘nter vo]uno
svept to the volume of the distrilbution of thic fishing items. -

Yien turning from the fiohing ind.ces (power, cffort, efficiency,
intensity) of certain fishing goors to the summery indices of tho work of the
fishing flect and flotilles, the above wnite for wmeasuring thoe fishing wouid
bo too small; thercfore, in cddition to the initicl unit of the fishing pover
oquai to 100 cnd the wnite for neasuring other perometers correspoading to it,
it is odviscble to have also units vhich arc 10, 100 and 1 000 times as mmcii.
Them,if ve tcke specific rominotions and designntions, we wvilil get the measuring
sysivom of the indices mantionod as shovm in Table 1 below.
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Poble 1. Scalo of fiching walt measurcs.
Fowo Purposo Abbreviation Dimcnsion tiop  f vanic
5 109 w’ 1
. 24 hours °©
108 w3
Docipromm of dpm ———— 1:10
24 houxs ’
e 107 m3
Contipromn fishing cpm e 13100
24 hours
Millipromn povicx mpm 100 m3 1: 1000
24 hours
Proous Hoosure u ;09 n 1
Docapromus of dpy 10° w? 1:10
Centiprouuus fishing opy 107 md 1:100
Millipromus of fort mpu 106 n3 1; 1000
Promefl Measure pe A 1
109 o’
t
Deciprunef f d 1:10
prone ¢ pe 108w
t -
Contiprumef fishing cpo 1:100
) P 107 3
Millipromef of ficioncy mpo t L:i 000
106 w3
Prdmin Heasuxec pi ——-——3—109 n’ =sizelcss 1
' 107 m
Decipromin of dpi _EEEJEE— = sizelcos 1310
109 w?
3
Ccntipronin fishing cpl 107 m = pizeloss 1:100
107 w3
Millipromin intensity mpd 106 3

= sizeless 131 000
103 mo
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Tho general cesessment of tho fishing powor becumos mach oimpler wiih
such ¢ celection of the wnits scalo.

TFor tho full and wniform assessment of all kinds of fishory made Ly tho
verious woderm dovicos tho following doto must bo availoblos- - _
i. The fishing pover of tne fishing poar

For cochh fishing gonr of tho indusirial fishoxy the fiching povor should
be eatobliirhed by ono of the cbovo-montions>d motheds cnd should bo indieated in
its 'possport! (for tho industricl mothods of fisiiing) or directly in the
nominction, TFor ocopple;  trap wpm - 7.2, 1l.c. the trop thot fiBhos
T2 = 105 wd wntor por 24 hours of continusus fishing.

2. The munbor of Cishing foors,and 3. The nuwber of doys fisaed

For trovi fishing gears it is nore conveniont to carry out the coilection
of dota in hours of troviing cind thon to converti them into doys.

Tor pursing, drift fishing goars and gears epplied with tho dovices for
cttroction of fish to the fishing aren, as woll a8 for trawl goore, it is nccosooxy
%o introduce the count of the aectivo working tinme of the fishing geors meosurced
in hours aid to rogistrate it in the boat iogs. The summory mumber of fishing
hours divided by 24 wvill chorcciorize, inthis cose, the number of fishing drys.

For the approdmnite count of the fishing time by thesc fishing gecrs
the product of the cvercge durction of their cctive work per cycle by the muber of
cycics cca be used.

In tho first ccse it is sufficiont to colleet the data only on the mumber
of fishing hours, vhilec in the second cosc, tue dota on the cverago durction of
fishing poer cycle in nvurs ond on the numboer of cyclos willi be necdod.

For the stationb.xy fighing gém'the ‘dota on tho number of doys snont
in fighing are sufficient.

Por all other fishing gonrs the doto on the time of active fimxin(, poxr
doy will suffice.

'« Tha cotch

Thoe eatch for oIl fiohing goars chculd bé roproséhted by opeclos of fish
in tons vith an indicetion of the time and place to which this catch relates. In
order wu foeilitate the collection of datc and t¢ incrcose tho precision of the
fishery data, it would bo adviscble o el:borate aond to have in tho fishing
vesscls the autonatic devices forxr the registration of the folloving poromoters:

1. Ihmbor of hours! troviing’

c1i3
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2. Time of active uperntion of pursc goinos
3, Duration ond length of drifis of the vossels with fishing georo

4. Duration of the action of tho fishing stimulctors (1light
eloctric current and so on). .

All these dovices can apparently bo very simplo and cheap; hovever, their
epplication will cllow to inorcaso grootly tho quaiity of tho count in the
fighory and to bring it to o reaily soiontific boasia.

This, in turn, upens tho pusoibility of tho more concroio monagonent of
fishing offorte in the fishory, crontes the conditions fur tuo conuidersulo
simpiificotion of tiio scientific fishoxy gtotiotics nnd for the wider epplication
of cumputing tochniquo. :

Besidos,obizining tho unitod quantitativo nsponenent of the spocios,
all togother ond ench one scperatoly, under modern conditiona is very
importent for tho study of tho intorrclation botween tihe stock ond the fishory.
It is alao of groat importance for the claboration of tho thoory of the uptinol
cokchh ond for the solution of othor ccicntific probloms. )

This mothod cllows thoe doterninotion in conpercblo units. of tho fishing
pover ond othor characteristics of fialing in eariiecr yocars. Tho usc of tids
nothoé is of apecial intexcst ns to the estinntion of tho dynomics of fisning
officioney in roletion to the dynonics of fisiing offort in the most iupéritont
fighing oxrcos.

_ An importont cdvontage of the proposcd systen of wnits for mepmuriig
fishing liec in the fact thot it moy be usced. to provide tho basis for tho
quoniitotive chorocteristics of the operaticn of a floot in working out --
futurce plens on tho bosis of tho rotivnal aploitation of the stock ond fisninws
tochnique.

The unificotion of fishing wnit moasurcs is ot presont oquelly importont
botlhi for technical and for biological purpouos.
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TRAWLES

PURBSE
SEINXES

DRIPFPT
RETS

DRAGGED
FISHING
GEARS

Figure 1. The gesrs the fishing power of which is defipned directly.
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Fishing power
Fishing gear

Determined
parameters

DIAGRAM FOITMULA

LS e T YRR

Radius Coeffi-

of at- cient

trac- of

tion fishing
continui.
ty

FISH PUMPS I}_;EUE

LIFTING
NETS

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

lamp is switchei. on and fish pumps and

nets are respectively used,

S TR Y, 1A
-

x) Duration of the cyc?& from 714945 vo 1ifE

PRISER S S

....EE.__O The gears the f“*sh_ing B e 0f sdlen 4o defined o . -

experimentally.
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Fisiing power |
_Disgrém - Formula Basis

Fisghing gear

NETS

SET GILL | @ v.—.:'ll’(gja a Le %éi!{e,g

TRAPS — ’_77:82 'n:fea gAVcrc
== V="4-a Gere

—

HOOKED _-"":—‘ S L g
FISHING Im V"'"- ér,ZRSn —j-’-ﬁR;l o nfl’na
GEARS )

Figurs 3. The gears the fishing power of which is defined
by comparison of cat:ches.
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_ ICNAF Res.Doc. 73/118
- 17 - APPENDIX 1

" FISHERY PARAMETERS ASSESSMENT MITHGD
(ADDITIONAL COMMENTS AND CLARIFICATIONS)

by

Dr. A.I. Treschev

International Council for the Exploration of the Sea at its
60th Session (C.Res 1972/2:8/c/) dec:ided to hold in IJmuiden
(Holland), May 3 through 8, 1973, a lleeting on Engineering Aspects
of Fishing Gear, Vessels and Equipment and on Statistical Problems
of Measuring Fishing Efforts. Among the Meeting's objectives, it
is pointed out that

"in pursuance of the issues ralaed by S.A. Studenetsky
(Doc.C.M. 1972/D:5, referring to A.I. Treschev, Doc.C.M. 1971/B:9,
Dr. A.I. Treschev be asked to submit to the Meeting of the Working
Group a paper illustrating by means of worked examples referring
to USSR fisheries the application of his proposed new method of
measuring fishing effort, and that other countries evaluate the
merits of the method applied to their own fisheries and report
their findings to the Working Group",

1. Essence and Representativity of Method Proposed.

The method relies on the following basic assumptions:
Fishing gear capacity (power) W (in conjunction with a certain
class of vessel, crew and equipment) is described by the water vo-
lume (Vg) flshed per unit of time (T}), i.e.

w=-Ye
where Vg - is establlg%ed for different gear classes by the mo-

thods indicated in Doc. C.M, 1971/B:9, and measured
in volumetric units;

Ty -~ is the time when a gear is in active (fishing) state
and is measured in 24-hour periods and registered
either in ship-log or by special-purpose instrumentation.

Fishing effort (U) - is the product of the fishing gear capaéit& (W)
‘ maltinlied by its active fishing time, for any period

U=wrT,

Here the time Ty is measured in the same units as are ac00pted
for fish1ng capacity, i.e. 24-hour periods.

Pyt Ndr

o
*) Fishing unit Measures by A.I, Treschav (Doc.ICES,C.M.1971/B:9),
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Fishery Efficiency (Eg) - is the catch {(c) per unit of
fishing effort, viz,

E=%
f U .
where C - ia the catch in metric tons,

U - is the fishing effort in volumetric units.

Since the fishing effort in terms of the accepted measuring
system repragents:

Vs .
L/=:1f7'7;
1
that i3 the volume of water fished, then the fishery efficiency
indicates the tatch por unit ¢f the volume fished.

This indicator ia essential because, the fishing effort being
constant, it describes the Proeductivity of fishing areas, in the
same way as the harvest Per unit of agricultural land provides
an index of land fertility in agriculture. Its changes give a
meéasure of evaluating the validity of the guotas set out for
catches and efforts. ‘

) Under nixed fishery, i.e. with the same object being fished
by- different gears, the application of the proposaed method prosents
no problen bocause the fishing effort of different gear classes
is measured in the same units and, thorefore, may be analysed -and
limited for all the gears and for each one in nparticular. :

Representativitx of Mathcd

For the purpose of c¢heching on the method's representativity,
the correlatien has becen investigated between the catch and the
following parameters: volume of the water fished, the length
and displacemnent of vessel and capacity of the main engine,

) The degree of interrelation was assessed using correlation.
ratios (See Appendix). The calculation data used were those of - the
Soviet fisheries in subareas 2,3,4,5, and 6 north-west Atlantic.
Bocause there was a marked difference in the fishing situation
between subareas 2 and 3 , on the one hand, and subareas 4,5 and
6, on another, all cnlculations werc made in relative figures *),

The findings were as follows:

e quations Cofrelation ratio:
Catch per hour - total displacement - 0.82
Catech per hour - vessel length - : - 0.79

- Catch per hour - master engine capacity : - 0.88
Cateh per nour - fishing capacity Low QL QF L

It follows from these data that the technical parameters of
Tfishing vessels (length, displacement, H.P., etc.) are not related
through close functional dependence to the results of fishery.

It is'usuqlly.éonfirmnd'bY"thc fact that the same vessels .
operating at the same time in the sanme area, - subject to the type
of trawl, show g variaticn of ner hour catches in a great limits
(for data considered up to 30D percont, It indicates that the
technical parameters of vesgels, if applied as the assesamemt
criteria of fiashing effort, ar» not enough renresentative. The
“fact that the. correlation ratio of catch per hour of trawling and
fishing capacity is close to uuite (0.97) points to their closes
functional dependence. ° . : b TR e

"

x) For every arba, the wean per hour cateh with a botton trawl
of a DMRT-type vessel was assuied for unity (OTST-7).
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This is one of the reasons why the author has selected this
criterion as the initial value for measuring fishing efforts.
Besides, volume fished as the chosen measure of fishing cada-.
city in comparison with all other methoda, have the followlng ad-

vantagest

1. It permits to obtain the most accurate assesment of the
effects of fishery on the stocks. .

2. At a certain productivity .of the fishing area "(with an
established optimal permissible catch per unit of water volune)
it permits perrmanently to observe the relationship between theo
stocks and fishery which may serve as an important critorion to
assess the validity of the guotas set out for catches.

3. Where therc has been a prelininary evaluation of the
fishing capacity of fishing gear, it will be easy to deteriine
from only two indicators, nanoly, the nuaber of goars and their
time on active duty.

4, It is unzversnllfor all fishing gear classes.

5. It lends itself to accurate control and distribution
betwecn countries, areas and fishing gears.

6. Under mixcd fishery it permits to obtain a differential
asscssment of fishing efficiency with respect te every particular
object. ’

7+ Because fishing capacity and fishing effort stand in
no relation to the catch but represent, in offect, no more than
technical and coporational paraneters, noe uncertainty is admitted
to deternmining the latter's wvaluces, as being dependent on the
patterns of fish distribution and behaviour, weather, etc.

8. It is no londer necessary to apply any conventional
values and salibrated gears, which invelves always great
errors because of large variations in the conditions of fishery,
efficicncy of fishing gears and equipment, and skill of the
crew,

2., Method as applicd to Stocks and Fishery Analysis

Thoe use of the method for stock and fishery analysis cannot
be exnlained unless we have defined firat tho concept of "the
intensity of fishery". The latter comprises two values:

intensity of yield and intensity of fishing.

Yield intensity (Q) is understood as the ratio of the catch
of a certain species (0 to its stocks (H):

Y= Ne

.Under_the fishing intensity we understand in this systen
of measuring fishoery parameters, the ratio of the water volune
fished (V?) to the volume of the fishing area (/)

-
I=+

Under rational fishery, the fishing intensity is to bé not only
known butproperly contreoclled. To do thls one may use the concept
of reclative fising intensity. :
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Relative fishing intensity (j) is the ratio of the actual
fishing intonsity rate {(I), as -defined froa fishory data, to
its optimal value(I,,¢) deriving from the condition of rational
relationship botwoen stocks and fishery, i.e. from the biologi-
cally determined value of the possible harvest per one cubic
kiloneter of watoer volume in the given area:

From this oxproasioﬂhgﬁg can infor that with j less than
unity tho fishing intensity is insufficiont and should beo
enhanced, while J moro than unity indicated that tho fishing inten-
sity has recached its limit and should be reduced accordingly.

Method as Apnlicd to Rggulation Practices

Let us assume that the fishing effort of the country A in
areafifor the time T is equal tol); tho fishing effort of the
country B in arceafl for the time ¢ is equal to [, ; the fishing
effort of the country C in area/?tor the timef is equal to Uj
the sumnary effort of these three countriesZl{/={/; + Uy +Us ;
and the countries' catch in the s«mo area for the sane tine was
Zc ; then the catch per effort has the forei:

Zc
ZU

Lot us assume further that i: has been found analytically
that the given time period (one ywear, for example) is such that
. the sutnmary value of the fishing effort in arcea n has been opti-
nal, i.¢. in full accordance with the stock . Also, x tons of
fish has been taken per unit of the water wvolunc fished (e.g. per
one cubic kilometer). Let us. assumae finally that the general
yield quota.for a particular fish species - C, tons - was deter-
mined for the same area for .the naxt yocar using stock assessmoent.,

As a result, the total guota of the effort in the givon
year nay be defined as: - .. . . : :

Ly

X = l/ cub. kilomecter

Approximately, the total quota of the effort can be
allocated between the cdunﬁfies in the same proportions in which
catch quotas are usually ditributesd. Yet it can be distributed
with greater accuracy, i.e. proportionate with the actual fishing
effort of every country, using thc Swept Velume Metheod.

Then the countries with less advanced fishing technology will
receive a relatively higher guota of fishing effort per unit of
the catch quota than the countries with advanced technolagy.
This requires that cach country should nake preliminary estimatces
of the fishing capacity of her fishing gear, as provided in Doc,
C.M.,1971/8:9 and thore after enter these into the fishing gear
certificates to be kept on board the ships.

Exanmple: calculation of fishing capacity as it is shown in
Table 1, Whether or not the estirates are accurate can be veri-
fied at any time by the Intermnational Inspection for fishing
gear parancters and operation no<e. :
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4. Control and Statistics .

Control of the fishing effort under using of the Swopyt
Volumne Method is to be undertaken, in the main,, on the national
basis. Each country, as it dirocts its vessels off into the sea,
should supply them with an assignment specifying the value of
fishing effort within the bounds of the limit it has 'established.

The captains are duty-bound to register in the ship logs
the actual operation time of a fishing gear and note toward the
end of each day the add-u» total of fishing effort consunption
(exnenditure).

An international inspector, as he pays a routine call to
the ship, compares the fishing effort limit issued for the shin
against its total consunption as of a certain date.

In order to nake it inpossiktle for any particular country
"to issue more limits than it is entitled to issuing, the limit
.cards are to carry a steap of the Fishery Control Conmission
(Convention) for the given area. '

For the purnose of uore exact control of the fishing effort
consunption in the future use can be nade of clementary instru-
ments to record on a sealed film the time of gears omeration in
the fishing node (for example, the time when a trawl is at stopper).
The }Jist of the necessary instrurents is given in Doc.C.M.1671/B:9.

Application of thc Swept Voluriec Method of fishery parameter
evaluation will cause if only a rinor change in statistics, such
as is being currently subnitted ty the Conventions Cormission
countries. Thus, in Table & (Statistics of fishing effort and
nominal catch by division, month, gzear and country) of the
ICNAF Statistical Bulletin, under the heading "gear", besides
the type of gear, there nmust be an indication of the latter's
fishing capacity in proms, i.e. in the units equal to 129m .

24 hr
Thus, instead of "OTST" there shculd be "OTST ~ 035" where
035 signifies that a given gear as applied from a given ship
during 24 hours of continued fishory is capable of fishing a
wator volume of 0.035 x 109 cub.r.

The columnn "days fished" shculd contain data on the time
of the active gear operation over a year. The column "hours fished"
is to be ruled out. All other stctistics shall be presented in
the same form as before.
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TABLE 1

SXAMPLE: Calculation of Fishing Capacity and Annual
Fishing Effort Developed by a Fleet (real data
~for a USSR Fishing Fleet, 1968).

[

Fish. Mumber Fish.

essel type Trawl Trawl Trawl Fish. Hours Floect's
opening coverage cad.of of effort of cap. fish.
area ner hour gear trawl. of veals of effort
n2 x) o) in conj. por vessel fleet
with annun . 10’ 3 _ /s
vosgol 1O m
s g 3 Om
10°u PTL /
)TST-7) PR n 396 200 7400 0.03552 2446 3,619 16 0.568 57,904
JTST-7)BMRT n 352 150 7400 0,02664 2300 2.552 03 2.211 211,816
oTSI-5) RT n 25 94 5926 0.01337 2000 1.114 180 2.407 200,525
JTSI-4) SRT n 23 66 5926 0,00939 540 0.211 189 1,175 39,379
¢ 6.961 510,119
x) Trawl opening area for vossels: PR - 43m x 4.6m = ZOO‘m?;
BMRT - 37.5m x 3.9m = 150m2;
RT - 24,717 x 3.8 = 94m2;-
SRT - 17.5a x 3.8a = 66m2;

OTSIr otter trawler with

OTST -

otﬁer trawler with
otter trawler
pair trawler (twin

RS - with purse-~seine

side trawliﬁg

stern trawling

fishing)

D9

Categories of Vessel Tonnage
2 ~-0-51t

51 - 150 t

~ 151 - 500 ¢t

501 - 900 ¢

- 901 - 1800t

~ more than 1800 t

~N O W
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Study of Corrclation between Catch per Hour of Trawling
and the Following Parameters: Displacement and Longth of
Shi, Capacity of Main Engine, and Volume of Water Fished

(Fishing Capacity).
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Doternination of Courrulation Ratios

Corrclation ratioc is detertiined on .the forummula:

H

¢ - ms,
_ ?‘_:'#mj(yz,?—.‘/)z_ _l;/ 4 o
v |2 (w-90r P T
2l
wvhere! 1 - interval rnunber of wvalue Xj
j - ordinal number of interval of value X;j

xj = interval centre of value x;
Y/xj - moan valuo of y for the x-th interval;
mj - nunber of points whose (x;j , ¥ij)

x-coordinates are found in j interval;

a) Computation of Corrclation Ratio catch per hour

~ length of vcssel[L’MJ

Length of vesscl , M Catch per hour (relative units)
€ x;) (yi)
84,7 1,0; 1,21; 1,0; 1,05
8212 0198; 1,57; 1,95
79,2 0,9; 1,3; 0,6
54,2 0,26; 2,03; 0,74
50,3 C,24;
43,6 G,21; 0,17;
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Corrolation Grid

Intorval j I 2 3 4 + 7 .8 . 9

L  40-45 45-50 50-53 55-+75 75-80  80-85

X
Catches .~ 42,5 47,5 52,5 57,5+72,5 77,5 82,5
v .
' 0,24
c,21 0,26
0:1-0,3 %2 5,17 0,23
0,3-0,5 0,4 _
0,5-C,7 0,6 0,6
0,7-0,9 . G,8 : 0,74 0,9
0,93 1,0
0,9-1,1 1,9 N . 1,0
B S | 105
1,1-1,3 1,2 ' 1,3 1,21
1 3-115 l,z.l .
1 5-1,? 1'6 1’5?
1 ?"1!9 1,8 :
1,9-2,1 2,0 1,95
m .
;EJ;QJ 0,38 0 1,47 ) 2,8 5,21
it
ﬁq; 2 0 i 0 3 7
— m- ’
57 Qfgﬂj 0,19 ‘6. 0,37 0 0,9% 1,25
r’gf&-:’

Cormutatlon Z (y y)a R
S N
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— - =% YRy
y/xd | ..'g/;;; _y .(‘%xj—‘lj) m ”«9(_‘//,? f/)

0,19 -0,65 0,4225 2 00,8450
0 -0,84 0,7056 0 o
C,37 ~0,47 0,1369 4 0,5476
e - 0,34 '0,7056 0 o -
0,93 0,09 53,0081 3 - 0,0243
1,25 0,41 .. 0,1681 . ... 7 1,1767 .
Z = 2,5936
n -2
Computation: Z (‘y‘ ....y) .
cw:f
Y 4;-Y  (v-9)*?
0,17 -0,67 0,4489
0,21 : ~0,63 52,3969
0,23 -0,61 09,3721
0,24 -0,60 0, 3600
0,26 -0, 58 0,3364
0,60 -0,24 0,0576
0,74 - =0,10 0,0100
0,9 0,06 " 0,0036
0,98 0,14 70,0196
1,0 0,16 0,0256
1,0 0,16 0,0256
1,05 0,21 00,0441
L T o 57 . -0,136§
1,30 R 0,46 | 0,2116
1,57 0,73 0,5329
T T 1,11 1,2321
Y - 0,34 S = 4,2139
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| ‘2 6
T Vzﬁ.2139 = 0,7
' p. Calculation of Correlation Ratio Catch

. per Hour - Displacement (p,T)

&able %

Displacement Catch per hour (relative units)

o lxy) (y5)

. 3800 1,0 3 1,0; 12 i 1,05
3362 0,985 1,57; 1,95
3275 0,9 ;3 0,635 1,3 !
912 0,26; 0,23; 0,74 ,
737 0,24 ' !

545 0,21; 0,17 !
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Correlation Grid:

15 16

14

4-13

Interval

3600-3800

1000-3200 3200-3400 3400-3600

800-1000

400-600

600-800

3700

3500

1100=3100 3300

900
0,26
0,23

700
0,2

00
221

0,2

ches
0,1-0,3

]

0,17

O,h
0,6
0,8

0:3'0v5

0,6

0:5"0,7
09?‘0v9

0,9=-1,1

0,74

1,05

1,0
1,0
1,21

0,9

1,0

0,98
1,3

i3

1,2
1,k

1,1-1,3
113‘195

1,57

1,6
1,8

1!5'1v7

1!?—119
1,9-2,1

1,95

2,0

3y

4,26

3,95

0,24 1,23

0,38

ij

1,06

1,22

0,41
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v g _ - . ; |
Conputatinn: Z mJ. ;/97,( '—y) '
/':/ J

= — - =7 L = =z
Y, 4.9 (§,-9) m m(Y, -9)"
10,19 -0,65 c,h225 ) 0,8450
0,26 -0,6 0,3600 1 10,3600
0,41 . -0,43  0,1849 3 ©0,5547 !
;0 0,84 0,7056 0 o b
1,22 0,33 0, 1444 6 - 9,8664 . :
o 0,04 0,7056 9 o '
'1,06 0,22 . _0,0484 4 0,1936 !
| - | P :
s . |
| ; 2,3}79 I ;
' ' 2,81 [ b :
- =Yumss - o0 - f
O o |
{c¢) computation of Correlation Ratio: r L !
: {cateh por hour - main engine capacity (N,ih.p.b 5 :
J i P !
| Tablo 4 E '

+ — +
Ivia!;in' engine capacity, h.p. * Catch por h{our (ére]_.lhtivo un:.Lts)
() (i )! : i i

2000 1,0; 1,03 1,215 1,05§
1 2320 0,98; 1,57; 1,95;

1340 '0,9; 0,6{ 1,35

800 0,26; 0,23; 0,74;

540 0,24; |

400 0,21; 0,17;
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Correlation Grid

11

7+8 10

by

Interval

1900-2100 2100-2300 2300-2500

1500-1900

1300-1500

N

300-500 5C0=700 700-900 900-1300

1500 1600~1800 2000 2200 2400

600 800  1000-1200

Loo

Catches

0,21 0,24 0,26
0,17 0,23

G,2

0,1-0,3

0,4
0,6
0,8
1,0

0,3-0,5
0,5-0,7
0,7-0,9
0,9-1,1

0,6
0,9

0,74

€3

0,98

1,0

1,0
1,05
1,21

1,3

1,2
1.4

1,1-1,3
1!3—175
115'117

_OE_

1,57

1,6
1,8
2,0

147-1,9
1,9=2,1

1,95

4,5

L, 26

2,8

1,23

0,2h

1,06 1,50

0,93

0,24 0,41

0,19

45y,

g

Yy



- 31 -

£ o : : ;

’ _ -— ~ 14 .
,ComputatiOn'_z Z ”} (_(#xd-— y} ,
1 1 I n 431 i 1 ] |
; J— — — L -_. J a— ! — 4 ]-
g -9 (9.-9)m m(y -9
; Iy I 7% Y7 -‘//;, |
0,19 -0,65 0,4225 2 0,8L50
0,24 -0,60 0,3600 1 0,3600
T0,41 0,43 0,1849 3 0,5547
0 ~C, b 0,7056 0 o f
0,93 0,09 95,0081 3 0,0243 '
L0 , -0,34 0,7056 o 0
;1 06 0,22 0, 0484 N 0,1936
L0 -0, 04 0,7056 0 9 ;
‘ | :
1,50 c,66 0,4356 3 1,3063 | |
. ! }
> = 3,284k ‘

I oGhh _ o L ;
4? V E‘ET?“ - 0,88 . |
7 d) Computation of Correlatlon Ratie catch neor hou* - f

9 cub.i. }
fishing en nac1tyt10 2% hr.

1 .I s ” H :
Tablce 5 ! l :

Flshlng ca: mc1tyj 10? %b——’li) Catch ner hour (relative units)

. 24 hr
‘ (x3) (yi) |
: !3,0173 1,0; 1,0
f 0,0958 ©1,21; 1,05
10,0162 0,98;
' 0,2570 1,575 1,95
0,0152 2,9; C,6
0,0986 1,3; ;
. 0,0098 ,26; 0,23 . S
' . 0,0352 LY |
' ¢, 0072 0,2k, |

10,0968 0,21; 0,17 - f




Correlation Grid

25

10+24

5+38

Interval

0,250-0, 260

0,100-0,250

0,010-0,020  0,02-0,03 0,030-0,040 ° 0,04-0,090  0,090-1,00

0-0,010

W

0,025

0,255

0,105-0,0245

0,095

0,035

0,0015

Catches

0,045-0,085.

0,21

0,17

Q,24 0,26

0,23

0,4
0,6
0,8

0,3-0,5
0,5-0,7

0,6
0,9

0,74

01?‘0|9
0,9-1,1

0,98

L

1,05

1,0

1,0

1,0

1.4
1,6
1,8
”,0

1,3-1,5
1,5-1,7

1,57

1,7-1,9
T,9=-2,1

1,95

3,52

3,56

0,74

4,48

1,76

1,19

0,74

0,90

G,22
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Computation: Z ”y (!//‘\g - y)
4=

— — -y & —_
y 7, | — 12
y/x '%: - Y {%, -9 ) m; ml-.(_%_-y)

J d J o~

0,22 ~-0,62 0, 3044 5 1,922¢C
0,90 0,06 c, 0036 5 0,130
0 -0,84 0,7L56 0 0
o,74 ~0,10 ¢, 0040 1 0,0010
' -0,84 0,7¢56 G 0
1,19 0,35 0,1225 3 0,3675
¢ -G, 84 ¢.7056 0 0
1,76 G,9%2 0,8464 2 1,6928

2 = 4,0013

-4 L s

o oo
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C o APPENDIX 11

INGINEERING ASPECTS OF SWEPT VOLUME METHCOD {5v11)

DEFENITION PARAMETERS O FISHERY
by
Dr. A.X. Treschev

Ffishing effectivity (&) denends upon three factors:

1. Swept volume (V). It charecterises the degree of aroa
covered. which i& fishod;

2. Degree of fish finding (r};

3. Catchability of fishing gear {q):

Cafch Catch ’ Catch
J

E = f3{v,r,q) | S _
S.V.M. shows us how these factors éhould be c0nsidored.
V - depends on the square of the riouth of the gear
opening - S, S»eed - ¥ aﬂd fishing time - t,
In other words:
V = f2(33 y.t)
Froo another zide:
Vo= £5 (P, F ) Ku)
HP = heorse powef ef engling;

B = o -~ Lhydrodyzamic cata (B - breadth

of vessel, L - Leagth of wvessel
‘over alll)

b1 R
A~ cosfficient which depends
on form of vessel, propellor and

ear).

ES8
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Kw - i3 a -rcoeficient which
characterises the influence of
weather. It can be the Beaufort's

scale of the sca state,

In results of imvestigations of these factors, we can

obtain:

v I v

////,{E claises ! = conat \:$\\\\

Egé;;;;;:j% ve:;els )////// \\\n&:fj\
' o« 3. 4 Ity

When we have that wo will be able to know the influcnce

of 2ll those parameters to fishing efficiency

2). Degree of fish findings
Nv
Nfa

Nv = the number of fish discovered in the
fishing area (Il ~ fish in swept wvolune)
lifa = total number of fish in the area during

fishing tine

3). Catchability of fishing gear - q - is
lic
= Nv
ratio of numbers of fish in catch (Nc) to

number of figh in swept volunme (uv).

As we can see in this analysis there is no Gross ,
Tonnage bocausc it has no direct influance on the fishing
efficiency. Sorietimes we find the connection between Gross
Tonnage and catches., It only means that in these cases

Gross Tonnage is proportional to HP and spood of wvesscls.,

This brief analysis shows us how na-y conmponents should be
included in the determination of fishing efficiency and
why we cannot take the time on the fishing grounds, HP,

Gross Tonnage, standard gear and so on.

Swent volunie is mmch riors ro9refentative because it in-
cludes all real influent factors and it can be deterriined

in a very simple way. E9



