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1. The Special Meeting of Experts on Effort Limitation was established by the Commission on recommenda-
tion of STACREM to consider, specifically, ten questions posed by STACREM regarding details of effort
limitation and, generally, matters related to the establishment of effort limitation schemes (1973 Special
Comm.Mtg.Proc.4, App.III and Proc.6).

2, The Special Meeting was held at the Marine Biological Laboratory, Woods Hole, Massachusetts by
invitation of the United States Government from 26 to 30 March 1973,

3. The Executive Secretary opened the meeting and, on behalf of the Commission, welcomed the fishery
admipnigtrators, economists, scientists and technologists from 12 of the 16 Member Countries of the
Commission and observers from the German Democratic Republic and FAO (Appendix I).

PROGRAM OF WORK

4. Dr R.L. Edwards (USA) was elected Chairman. The Executive Secretary was appointed Rapporteur. The
Chairman welcomed the participants on behalf of the National Marine Fisheriee Service and introduced a
provisional agenda which included a program of work designed to provide information on which to base
answers to the ten questions posed by STACREM (Appendix II). It was further propesed that working groups
might be set up to investigate the two major problems: by-catch and control of effort regulation.

Following considerable discussion, the Group agreed to relate the tem STACREM questions to the
agenda items, to define the terms contained in STACREM Question 2 as the first item under the program of
work and to start through the modified agenda (Appendix IIT) until it was felt necegsary to set up
working groups.

DEFINITION OF TERMS
5. STACREM Question 2 reads:

Please define ewactly the following terms:

{a) fishing mortality

(b} [fishing intenaity

(e} fishing power

(d) fiashing effort

and specify what ave the variables that should be disoussed for effort control.

In addition to the four terms listed in STACREM Question 2 for definitions, the Working Group
consldered it necessary to clarify the term "by-catch” and indicate its meaning in the context of the

data available. Somewhat more detailed notes on terms used in fishery assessments are given in Appendices
IV and V.

(a} Fishing effort. For practical purposes, fishing effort refers to the amount of fishing by some
standardized fishing unit, e.g. days fished, number of hauls, volume of water filtered, etc.

(b) Fishing intengity, as strictly understood, is proportional to the fishing mortality it genmerates.
It is measured by the fishing effort per unlt area in a unit of time.

(¢) Fishing mortality is a function of fishing effort. The function is generally linear such that
the two are related by a constant, the catchability coefficient (q). In a particular fishery,
where the unit of effort may vary, the total fishing mortality (F) will be composed of the effect
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of the sum of the effort of each vessel (f) multiplied by its catchability characteristic (q),
F=q1f) + qaf; + qafg + .....

The catchability cocefficlent of each vesgel is the proportion of the stock removed per unit
fishing time of that vessel,

g = {(catch/stock) x time

Where the fishing activity (effort) of different vessels is referred to a common unit of time,
e.g. hours fishing, fishing power is indicated by the quantity of a standard stock removed per
unit fishing time.

Fishing power. For biological and technical reasons, fighing power varles as a function of
the vessel characteristics, its gear, its crew, as well as the stock being fished.

In order to approach an estimate of fishing mortality in terms of a single unit of fishing
effort, variations of fishing power between vessels/fleets must be taken into account. If one
unit of effort and fishing power is selected as the standard, then

Fishing Mortelity = q; x (Fishing Effort), +

92 [(ﬁ:ﬁzg 5332:)1]" (Fishing Effort), + etc.

The fishing power of each veasel will be specific to each apecies stock but the relative
fighing power of particular vessels remain stable over broad categories of resources, e.g.
pelagic/demersal or roundfish/flatfish.

Where the fishing power is measured on the same stock size (albeit averaged over a year) and
effort is measured in the same unit, then

2 . (Fishing Power), - [(Catch per Unit Effort),

q3 {Fishing Power); {Catch per Unit Effort),

and the summation becomes

Cpue c
F=q1f;) + qle[EEE% + qlfs[ap%la-] F oiainn

Since the catch per unit effort of each fleet is by definition c/f of that fleet, the above
expression simplifies to

€ ,C “n
Fn=q1f1[1+cl +01 PP +—}

By-catch may be defined as the quantity of one or more species caught at the time when fishing
is directed primarily toward other specific species. Technically, the by=-catch includes not
only the quantities of these winor species reported as nominal catches in the statistics but
also discards of all species,

Because such data were not avallable in the statistics, the term "by-catch" as used by the
Assessments Subcommittee at the January 1973 Meeting in Rome 1s not the same as that defined
above; rather, the term "avbsidiary catch" might be more appropriate. In this context, the
Subcotmmittee examined the monthly catch and effort statistics as reported in Table 4 of the
Statistical Bulletin. In cases where no "main species” was indicated or it was shown as "mixed",
the effort was allocated to species according to catch om a monthly basis. In nearly all cases,
the quantity of the main species designated in this manner was conslderably greater than 50% of
the total nominal catch of all species. Thus, the monthly “subsidiary" catches in most cases
totalled considerably less than 50% of the total for all specles.

MANAGEMENT OPTIONS

The Group discussed the problem of defining the management options and the assoclated advantages and

disadvantages. Two major options are apparent — continuing with the existing regulatory regime of quotas
on major species or introgucing regulatiom to control the total fishing wortality. The latter option
arises from the US proposal in January 1973 (Comm.Doe. 73/3). The Assessments Subcommittee Report to the
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Special Commission Meeting, January 1973 (Summ.Doc. 73/1) indicated that in 1971 the total catch was
probably beyond the maximum sustainable level, and the fishing mortality (as measured by an effort index)
probably greater than that corresponding to the MSY. Thua, in order to achieve the objective of maximizing
yields from the total biomass, it appears necessary to control fishing mortality at a level lower than that
obtained in 1971.

Under the second of the major options - coantrol of total mortality - there are two further options:
catch or effort. Discussion by the Group centered mainly on aspects of the direct control of effort
because the US proposal generated a STACREM list of ten questions for the Group to answer. However, it
was felt that an evaluation of the total effort regulation must be addressed by a relative comparison
of catch versus effort control. PFor exsmple, a reduction in catch must, except under certain circum—
stances, result in a reduction in fishing effort, so that the two options would have immediate common
effects. In the long run, adjustment and monitoring must be consldered, and might be somewhat different
than in the initial stage. Within either optiom, the benefits of the regulation of total fishing mortality
can be maximized by control of fishing mortality on individual species. This, of course, implies a
further set of options that require evaluation.

The Group attempted a first approach to the problem by discussing some of the advantages and dis-
advantages of management schemes (Table 1). The table does not purport to represent a complete listing,
nor, perhaps, is it the best format. However, the Group felt that ite inclusion in the report, even
though 1t does not represent an agreed tabulation, would stimuslate further comments which would be bene-
ficial to further development of the evaluation of management options.

Table 1. Advantages and disadvantages related to proposed management schemes.

Option I

Specles (single or group)
Catch Quotas ~ All

Option II

Total Catch Quota
(a) with some species quotas
(b) with all species gquotas

Option III

Total Effort Limitation
with some species quotas

Advantages Digadvantages Advantages Disadvantages Advantages Disadvantages
1. Most precise 1. Difficult to 1. Alleviates 1. Estimating 1. Alleviates 1. Intercalibra-
egtimate of do by-catch recruitment by-catch tion of
MSY in {(a) Do not problem (stock problem fishing units
theory know the changes)
theory 2. Less 2, Less 2. Varfability in
2. Readily (b) Cannot precision . Discard - precision catchability
understood, get data in assess- either tend in assess- in time
hence more ment to increase ment (species)
acceptable . Failure + required or require required
leads to reporting 3. Bew concept
3. Flexibility over—fishing 3. Minimizes (difficult) 3. Minimizes (no prece-
to adjust probabi- probabi- dents)
quotas . Necessity to lity of lity of
predict over- over- 4. Difficult in
4. Nationel recrul tment fishing fighing establishing
allocation and rate of historical
- more by-catch 4, National 4, Need not basis for
readily allocation be adjusted national
acceptable Does not easier for varia- allocation
prevent (historic bility in {(lack of data)
5. More options excess catch atock
for fleet capltaliza- base) density and
deployment tion per se recruitment

+ difficulty

in regulating

catch at
proper level

. Difficult to

set and

control appro-
prilate quotas

because of
by-catch
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The following comments are intended only to clarify the points listed in Table 1.

Option 1 refers to:the case where individual species or specles-group assessments are made and catch
quotas set, As the number of species covered increases, this scheme approaches Option II(b). However,
it is assumed under Option I that the sum of the species quotas will equal the total quota. The advan-
tages listed are (1) that MSY estimates are theoretically more precise because of a knowledge of the
individual components, (2) that estimates of yfeld on a species basis are easiest to grasp conceptually,
and thus may be more acceptable, (3) that maximization of yield of a given specles is enhanced by the flex-
ibility to adjust quotas based on current conditions, (4) that national allocation may be more acceptable as
it could be based on historic species catches, (5) that fleet operators are free to deploy their fleets
in any manner in order to catch specles quotas, without concern for other regulations., The disadvantages
listed are (1) that some assessments are difficult because of the lack of a theoretical basis to adjust
for ecological relationships in rapidly changing conditions and because of the lack of available data for
many specles, (2) that inadequate assessments due to the problems in. (1) may lead to overfishing, (3)

that the estimation of recruitment and by-catch that is necessary in ogder to set quotas is difficult
because of a lack of developed methods for mixed fisheries and, even when methods are avallable because of

logistics, and (4) that excess effort is not neceasarily diverted out of the area, and is difficult to
control or monltor.

Option IT is the case of = total catch quota with either some or all species under catch quotas. How-
ever, since by-catch would not be adjusted for in a species quota, the total quota may be lessa than the sum of
individual quotas depending, of course, on how many species were under quota. The first three advantages
of this option are the same as those of the total effort limitation scheme (Option III). They are (1)
that the by-catch problem may be attenuated by reducing the overall removals; this would allow the catch
of a species to be made in any component of the fishery, provided the sum of the catches does not exceed
the quota for that species., Thus, the reduction in species quotas tc adjust for by-catch as in Option I
would not be necessary and the reduction could be allowed to float. to whatever compecnent a country
desired. (2) that, with an overall upper limit and nc direct adjustment for by-catch, the assessments
would require less precision than under Option I, (3} that the probability of overfishing would
be minimized by preventing large increases in fishing mortality, particularly on species not umder quocta
or accurately aasessed, (4) that overall catch quotas are easier to allocate nationally because there
is historical data base of catches upon which to base the allocation. Disadvantages of total quota are
(1) that the estimation of recruitment is difficult (see (3) of Option I} and, (2) that precise
information on discards is essential to regulating the desired fishing mortality.

Option III refers to the establishment of a level of fishing effort corresponding to the MSY. This
Option has the same advantages (1)-(3) of Option II. A further advantage is (4) that yearly
adjustments of catch for variability in stock density and recrultment are not required, because, with
effort constant, catch should fluctuate with abundance of the stock im the correct pro-
portions. The disadvantages of total effort limitation listed are (1)} that the correct intercalibra-
tion of fishing units and adjustments for changes are difficult, (2) that varlance in catchability
with time and shifts between species from year to year may mitigate the effects of effort control
because vessels could concentrate on a different mix of species in a different time period, resulting
in increased fishing mortality for the same amount of regulated effort, (3) that total effort control,
as a new concept, may be difficult to fully understand or accept, (4} that national allocation wmay be
difficult because of the lack of national historical data.

The Group urges countries to investigate the relative importence of these and any other factors
that further thought elucidates (Recommendation 1).

STACREM QUESTIONS
7.  STACREM Question 1 reads

What are the conversion factors needed to obtain "daya on ground" from "daye fished" for the various
Member Countries? Do countries collect the necessary information to answer this question and, if
not, how long will it take to collect the necessary data?

Prior to 1970 some Member Countries submitted "days on ground" as & regular part of their statistical
submissions tc ICNAF. These data together with "days fished" were publighed in Tables 4 and 5 of the
Statistical Bulletin. The collection and publication of "days on ground" data were discontinued on the
recommendation of the Sampling and Statistics Subcommittee at the 1971 Annual Meeting, mainly because
nearly all countries provided more refined effort measures, e.g. days fished and hours fished. While the
"days on ground" data for 1970 were actually collected, they were not published in Statistical Bulletin
Vol. 20 for the year 1970. These data were not a requirement for 1971 and 1972 data submissions from
Member Countries and consequently, are not available at the ICNAF Secretariat. Therefore, the converaion
factors based on the ratlo of "days on ground" to "days fished" for the years 1970 and 1971 cannot be
readily calculated at this time.

Information obtained from representatives of countries present at this meeting indicated that most of
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the Member Countries could provide data om "days on ground" as well as ''days fished" from 1973 onwards
and some countries could supply the data to £ill the gap mentioned above. The following is the result
of the survey when representatives were asked 1f they collected the necessary informaticn (i.e., "days
on ground" and "days fished") and when the information would be available:

(Recommendation 2).
8.

9.

Member Countries

Remarks

Canada Data not now available but could be in about one year

Denmark (G) For OT, data can be supplied for 1972 and onwards; but data for the small-boat
figheries are difficult to obtain and unlikely in the near future

Denmark (F) It is possible that some data might be available

France (M) Data are avallable for 1972 and can be provided for future years

Germany (FR)

Data can be supplied for all years since 1969 1f requested

Japan Such data are collected by the fishing companies but ite preparation would
require much time

Norway Pata are available for OT, and will be available for LL frem 1973

Poland Data are available from 1971

Portugal Data will be available from 1973

Spain Data are available and can be supplied for all years from 1966

USSR Submitted such data in previous years and can do so again if requested

UK From 1973 conwards

USA Basic data are collected and could be supplied 1f requested

Bulgaria

Italy

)
Iceland )
)
Romania )

German Democratic

Republic

No representative at the meeting

Data are available for 1969 and 1970 and can be provided from 1971 onwards

During the course of the discusalon the representatives of some Member Countries indicated that the
nature of thelr fisheries were such that conversion factors cbtaiped from the ratio of "days on ground”
to "days fished" would be highly variable with time, area and tonnage class, etc. In this comnection,
the Group urged Member Countries to analyze their data on "days on ground" and "days fished" and provide
estimates of the varlance assoclated with conversion factors obtained from these two effort measures

STACREM Question 2 (for amswer, see Sectlon 5)

STACREM Question 3 reads

The Commission is attempting to control the fishing mortality on the resources and fishing moriality
ie an abstract quantity which eannot be regulated dirvectly. The Commiseion may be able to control
fishing mortality by regulation of fishing intensity or fishing effort. What is the accuracy with
which these quantities can be measured and what iz the error imvolved im using them as o predictor

of future fiahing mortality?

The statistical errors involved in monitoring a regulatory scheme can only be outlined in general
terms at present. The main advantage of catch quotas is that accuracy is independent of wvariations in
the catchability coefficient, But the setting of catch quotas is sensitive to fluctuations iIn recruitment.
Fishing effort quotas are not sensitive to fluctustions in recruitment, but they are gensitive to varia—
tions in catchability.

A) Errors involved in setting a catch guota regulation

As currently envisaged catch quotas will be revised annually. Then it is necessary to estimate
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the stock at the beginning of the year and the amount of catch related tc a specified level of
mortality. The sources of error are

i) in the size of the expleoited stock (errors in data and technique)

i1) in the size of recruitment to the exploited stock (errors in data and technique)

iii) io the fishing mortality achieved when the catch defined with respect to (1) and (1i) is
expressed as a proportion of the new stock.

B) Errors involved in setting a fighing effort regulaticn

If the regulation were set up for an indefinite period, the error would reside in the catch-
ability coefficient caused by

i) the intercalibration of these units between countries
11} the scope for changes in the pattern of fishing (seasons, species) between countries and
change in vessel efficiency, etec.

These two components are described Further below.

1i1) The choice of effort unit may have a further effect if the choice of unit in a multi-
species fishery differs from the unit which would be chosen for each species in a single
species fisheries. Also, at the beginning of regulation and if the effort regulation
needed to be adjusted, i.e., with reference to the exdisting state of the flsheries, the
A(i) errors will oceur,

Very few data are avallable to quantify all of these errors for single or multiple speciea fisheries
(because of inadequate time series) but some progress has hbeen made with respect to the errors involved
in the intercalibration of effort units and the scope for changes in the catchabllity coefficient with
time (B{1i) and B(i1)).

For purposes of answering the question, fishing intensity and fishing effort are assumed to be related
by a coustant area factor and the term "accuracy" was considered to imply two different concepts: variance
and bias. The former expresses the uncertainty in a given estimate of the fishing effort, using a specific
estimator. For example, if

n cpue .
i fi

cpue;)

oo i=1

where i indicates a fishing unit, then

b3

*

2
n cpuei] cpuei] cpue (cpue1

1
= g2 2
Var (F) qi izl fi Var cpuelJ CDU81J (Var(fi)) + 2 cpue; fi ConcPUEl

Thus, leaving aside the accuracy with which a particular reduction in fishing mortality cam be specified,
one part of the question dealing with determining the probability of achieving the desired reduction, at
least initizlly, may be answered by evaluating the overall variance. It is suggested that the variance
of the catchability coefficients for 1971 be estimated to provide some information on this aspect.

The bias term becomes important when considering the control of F in some future year, using the
catchability coefficients as estimated, say, in 1971. 1In general, when Bias > 1.25 vYVar (f), its effect
on errorg of estimate becomes important.

Many factors may cause bias, or changes in q over time. These include

vessel (type, age, equipment, crew, captain)

density of fish (saturation)

specles of fish (demersal, pelagic, bathypelagic)

area (geographic)

time (season, between different gear)

temperature

learning (introduction of new gear, echo sounders, ete.)

Some of these may be asymptotic in effect, and thus, after a period of adjustment may not be a significant
factor. Improvement in learning how to cope with variability in catch caused by variations in season, area
and other factors would tend to be asymptotic. The change with time in percent of total catch of the
principal species sought may provide a measure of the ablility to reduce by-catch and may also illustrate
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the asymptotic nature of learning. Certainly, some factors are more significant than others, and some
mway produce negative, as well as positive, bias.

The Group suggested that the relative Cpue be examined for 1970 end 1971 to determine, if possible,
the effects of vessel class within and between gear and between years, and relate this to pelagic and
demersal fish. The seasonal and area components of variation may also be examined by (1) plots of catch
agalnst effort by gear-tonnage class, month, species and coumntry to iliustrate the internal consistency
(see Figs. 1 and 2 for examples), {2) the technique of mean ratio versus ratio of means to examine the
degree to which fishing effort can be directed to maximize catch rate (gee Fig, 3 for example) and seasonal
varlations in catch per unit effort (Figs. 4 and 5). Figure & includes all finfish, but Fig. 5 excludes
the catches of herring, haddock, and flounders which would be under quotas which restrict the opportunities
to shift effort. The Group suggested that each country analyze its data with regard to the problem of
variance and bias in order to provide some inference on the question of changes in fishing performance
(Recommendation 3).

10. STACREM Question 4 reads

If eatch quotae are set for several species which imply different percentage reductions in fishing
mortality, what probleme does this raiee in commeotion with a fized veduction in fiahing effort,
especially for countries only interested in some species?

Summaries of catch by fishery (main species sought) and species for each country for 1971 are given
in Table 2. It may be observed that most countries harvest a mix of different species, although preferences
are evident. Unless the finfish biomass increases, an overall reduction in effort implies a reduction in
catch. The problem becomes troublesome when a change in fishing pattem is desired. The table indicates
where the problems may be most significant. A problem may arise for countries with a strong species
preference which has led to a concentration of effort in certain areas and seasons. An overall reduction
in fishing effort could result in the inability to achieve a specles quota. Thus, fishing mortality could
be reduced unevenly for different species.

Notes on the regulation of total fishing effort and the problem of by-catches (prepared by Captain
J.C.E. Cardoso, Portugal) are found at Appendix VI, These were gilven preliminary consideration by the Group.

Table 2. WNominal catches ('000 tons) in Subareas 5 end 6 by fishery (species sought or main species) and
specles caught for each country in 1971.

Speciles Species caught
Country  sought Cod Rad Red Bal S H Flo g6 Her I3 OF Total
Canada Cod 2.0 0.7 * * 0.0 0.1 0.4 0.0 0.0 6.0 3,2
Had 0.4 0.7 0.1 * 0.0 * 0.1 .0 0.0 0.0 1.4
Red * * 0.1 * 0.0 * * 0.0 0.0 0.0 0.2
0G 0.7 0.3 * * 0.0 * 2.4 0.0 0.0 0.0 3.5
Her 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28,4 0.0 0.0 28.4
OF 0.0 0.0 . 0.0 0.0 0.0 0.0 .0 1.1 0.0 1.1
Total 3.1 1.7 . * 0.0 . 2.9 28.4 1.1 0.0 37.7
Ger (FR) Her * * 0.0 0.0 0.0 0.0 0.6 56.5 1.2 * 58.3
0P 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 1.6 0.0 1.6
Total * * 0.0 0.0 . 0.0 0.6 6.5 2.8 * 59.9
Japan Her * * * 0.0 * * * 2,4 * * 2.5
0P 0.0 0.0 0.0 0.0 * * 0.3 * 3.6 * 4.0
OF * 0,0 * 0.0 * 0.0 1.2 * 0.1 4.9 6.2
Total * * * 0.0 L * 1. 2.4 . 4.9 12.7
Poland Her 0.1 k * 0.0 * 0.0 0.1 75.4 16.8 8.1 100.5
0P 0.1 0.0 0.1 0.0 0.1 * 0.2 12.6 95.4 9.9 118.4
0OF 0.0 0.0 0.0 0.0 0.0 0.0 * 0.3 0.2 0.4 0.9
Total 0.3 * 0.1 0.0 .1 * 0.3 88.3 112.3 18.4 219.9
Romania S H 0.0 0.0 0.0 0.0 * * 0.0 0.0 0.0 0.0 *
Her 0.0 0.2 0.0 0.0 0.0 0.2 * 0.5 0.3 0.5 1.7
0P * 0.1 0.0 0.0 0.4 0.3 * 0.4 4,2 1.5 7.0
Total * 0.2 0.0 0.0 0.4 0.5 * 0.9 4,5 2.1 .

. +continued



Table 2. Continued
Species Species caught
Country  sought Red Hal 0G Her OF Total
Spain Cod 0.0 0.0 0.0 0.2 0.0 0.0 8.1
Total 0.0 0.0 0.0 0.2 0.0 0.0 9.1
USSR S H 0.2 0.0 2.3 12.5 10.6 10.3 109.6
0G 0.0 0.0 0.8 14.2 0.7 2.5 25.4
Her 0.6 0.0 0.3 1.9 52.7 3.0 73.2
0P 2,6 0.0 3.2 6.9 15.3 12.2 154.0
aF 0.0 0.0 1.2 9.7 2.0 13.4 37.6
Total 3.4 0.0 7.9 45.1 81.3 41.4 399.8
UsA Cod 0.7 0.2 1.4 * 0.1 9.0
Had 3.6 0.5 2.7 0.0 0.0 14.1
Red 0.3 11.7 1.0 0.1 * 14.5
S H 0.5 0.6 1.7 2.4 0.1 16.2
Flo 2.9 2.0 5.8 0.3 0.4 54.0
oG 0.2 0.1 6.1 0.3 0.5 11.5
Hevr 0.1 0.5 0.8 27.2 * 31.9
oFr 0.0 0.0 ® 0.1 * 2.2
OF * * * 0.0 3.5 3.7
Total 8.3 15.7 9.4 30.3 4.5 157.2
GDR 0G 0.0 4.8 2.3 * 7.1
Her .0 1.3 15.0 1.0 19.4
0P 0.0 1.0 3.3 7.3 78.5
0OF 0.0 g.0 0.1 1.6 1.8
Total 0.0 7.1 20.7 9.9 106.9
Bulgaria S H * 0.0 * 6.2 0.1 0.8
oG 0.0 0.0 1.0 ¢.1 0.8 3.3
Her 0.0 0.0 0.2 3.5 0.6 4.7
oFP 0.0 0.0 1.4 0.7 4.7 35.0
OF 0.0 0.0 0.1 * 0.4 1.0
Total * 0.0 2.7 4.6 6.7 44.8
Cuba oF 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.1
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.1
All Cod 15.0 2,7 0.3 0.1 0.9 2.0 * * 21.4
Countries Had 5.8 4.3 0.6 * 1.8 2.8 0.0 0.0 15.5
Red 0.9 0.3 1.8 * 0.2 0.4 1.0 0.1 * 14,7
S H 1.8 0.8 0.8 * 67.6 4.6 14.1 13.2 10.5 126.6
Flo 7.7 2.9 2.0 * 1.7 32,8 5.8 0.3 0.4 54.0
0G 1.7 0.5 0.2 * 6.6 3.2 28.5 3.3 3.8 50.7
Her 0.9 0.2 1.2 8.6 1.1 5.0 261.6 13.3 320.7
o P 0.3 0.1 2.7 10.6 3.7 9.8 32,4 35.7 400.8
OF 0.1 * * 8.8 1.4 11.0 2.5 25.0 53.5
Tetal 34.1 12.0 104.4 49.9 79.9  313.3 88.7 1057.9

* Lesgs than 0.1

11. STACREM Question 5 reads

What is the probable increase of fishing mortality in other Subareas, if a regulation of fishing
effort i introduced in Subarea § and Statistical Area €7

Assuming that fishing mortality is proportional to fishing effort, an indication of the magnitude
of the surplus effort available for diversion to other areas is shown in Table 3 based on 1971 statistics

of nominal catch and days fished for trawlers by ICNAF Subarea and tonnage class (lines 1-7}.
gives the total nominal catches of finfish (all specles less shellfish) in Subareas 1 to 4;

Line 8

the total



or v

Table 3. Effort, catch and catch-per-unit-effort by subareas and tonnage classes for trawlers, standardized effort relative to OT 7 vessels, and
surplus effort assuming a 257% decrease In effort in Subareas 5 and 6.
Gear and Subarea 1 Subarea 2 Subarea 3 Subarea & Subareas 5 + 6
Line tonnage Davs Catch Cc/f Days Catch c/f Days Catch c/f Days Catch c/f Days Catch c/f
Ko. class fished (tons) (tons) fished (tons) {(tons) fished (tons) (tons) fished (tons) (tons) £fished (tons) (tons)
1 oT 7 818 24,878 28.2 6816 184,262 27.0 8351 211,738 25.4 6963 253,317 36.4 13135 472,845 36.0
2 0T 6 1369 28,48% 20.8 2128 43,887 20.6 6945 98,794 14,2 1966 50,862 25.9 2838 87,787 30.9
3 0T 5 262 3,557 13.6 67 1,447 21.6 8005 87,613 10,9 3838 44,159 11.5 12735 104,786 8.2
4 OT 4 193 1,664 8.6 - - - 10411 65,469 6.3 13685 118,586 8.7 14837 97,352 6.6
5 0T 3 - - - - - - 282 566 2.0 11050 43,376 3.9 13056 71,697 5.5
6 oT 2 - - - - - - 21 a0 - 8812 20,825 2.4 6572 35,384 5.4
7 PT & 1345 22,737 16.9 20 477 23.9 9689 155,507 16.0 2668 40,114 15.0 499 9,139 18.3
8 Total Catch!
(all gears) 140,909 246,184 850,475 1,016,059 1,110,573
9 Std. effort
(days fished) 5000 9120 37420 27915 30850
25%
10  Surplus effort
relative to +485 +885 +3635 +2711 +7715

SA 1-4 (9.7%)

1

Excludes shellfish in all subareas and sn allowance of 250,000 tons for menhaden and large pelagics in SA 5 and 6.
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catch given for Subarea 5 and Statistical Area 6 1s the total catch of finfish less an allowance of
250,000 tons for menhaden and large pelagics which are taken in speclalized fisheries. The values of
standardized fishing effort in days fished (line 9) were obtained by taking OT 7 as the standard fleet

and dividing the catches (line 8) by the C/f (catch per day fished) values for OT 7 vessels (line 1).
Assuming that the fishing activity in Subarea 5 and Statistical Area 6 is reduced by 25X, a value of

7,715 days fished {standard) represents the surplus effort available for diversion elsewhere. Many options
for the diversion of this amount of effort are available: 1t might be diverted from the ICNAF Area
completely, or all or part of it might be diverted in varying proportions to ICNAF Subareas 1-4. If all
of the excess effort were diverted to Subareas 1-4, the total effort there would increase by approximately
10%. The values (line 9) for Subareas 1-4 (just one of an infinite number of options) are the amounts

by which the standardized effort in these Subareas would increase, if the excess effort were distributed
among the Subareas in the same proportions as the values given in line 9.

Calculations, taking (i) OT 6 as the standard, (ii) OT 6 + 7 as the standard, and ({ii) OT 5 +
6 + 7 as the standard, gave percentage values ranging from 8.5% to 11.0%, compared with 9.7% for OT 7 as
the standard.

12, STACREM Question 6 reads

If you are controlling your vessels at a level of fishing intensity lower than the one you are
allowed, how can that be judged by the criterion of days on ground?

The term "fishing intensity", as used in this question, implies a somewhat different sense than that
which the Group defined in its reply to STACREM Question 2. It 1is thought that the STACREM Question 6
raises the problem of the opticn which should be left to the national authorities of regulating the way
in which the fishing effort allocated to them should be applied or distributed as to time and place. Con-
sequently, it involves the definition of days on ground and it 1s, therefore, to be studied when consider-
ing STACREM Question 1.

In order to regulate fishing effort the following difficulty will then have to be faced: when using
fishing effort quotas, considerable difficulty may be found in determining the actual days on ground
because control might be based on the number of days the vessel stays in the fishing area, when, in some
cases, the number of days at the fishing grounds in relation te fishing mortality may be highly variable.
Furthermore, directed changes in the relatiom between days on ground and amount of fishing could mitigate
the ability to effect desired changes in fishing mortality through regulation of days on grounds.

The Group suggested that the Coordinating Working Party on Atlantic Fishery Statistics be requested
to provide a more precise definition of days onm ground than that currently in use (Recommendation 4).

13, STACREM Question 8 reads

What are the oppertunities for countries to inerease, in respornse to effort control, the fishing
mortality caused by ome unit of fishing effort?

2) By changing the time distribution of its effort on a given species (and this may mean greater
effort cn the spawning stock).

b) By changing the distribution of its effort between species within a given perilod.

¢) Employing only the best skippers and crews and the most efficient vessels within each class.

d) Using most productive techniques and technology that is permitted without, in the short term at
least, incurring a change of class.

e) Changing working conditions and increasing spares and, perhaps, crew carried in order to increase
hours per day spent fishing.

f) Providing improved knowledge to vessels by better communications between them and more extensive
search methods which do not involve the use of fishing vessels themselves so as both to reduce
searching time and to concentrate efforts on best fishing areas.

g) Using more extensively support vessels for repairs, refuelling, recrewing, etc., thereby increas-
ing the proportion of the days spent on the grounds actually fishing.

h) Fishing in weather conditions which, in the absence of effort control, would be considered unsafe.

i) Staying on the fish available instead of searching for more suitable (usually larger) sizes,
giving rise to what might be a concealed rise in the mortality rate through a rise in unreported
discards as well as to a lowering of the average age of the fish caught (with the detrimental
effects in the stock that this implies).

All
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14. STACREM Question 7 reads

If both cateh and effort quotas are epplied to a given stock, what problems are raised in allocating
between countries and within a country to ensure that the two quotas are simultaneously met?

In the view of the Group, both catch and effort quotas need not be applied where the regulatory
scheme 18 concerned with one apecies only. Moreover, an effort quota need not be applied to any country
which fishes for only one of the species in a multi-species scheme provided the by-catch can be limited
to small proportioms. It would be enough to allocate a catch quota for that species to the country
concerned and to give it "nil" catch quotas for all other species.

The species catch quotas would likely be allccated to the participating countries based upon some
agreed-upon historical basis. The total effort quota might be allocated in several ways, but would likely
be based, in some measure, upen country catch-effort relationships which existed in the most recent time
period and, of course, calibrated with the catch quotas. Because of (a) the inaccuracies and variations
in the effort measurement, the distribution of effort and the mortality rates generated, (b) the oppor-
tunities for increasing fishing mortality caused by one unit of fishing effort, and (c) the fact that
the effort limitation is designed to be more restrictive than the sum of the catch quotas, there would
be no reason to expect that the specles quotas and the effort limitation would be met gimultaneously by
any country or by all countries taken together. Indeed, it Is the expressed intention of the proposal
that effort quotas should be exhausted before all catch quotas have been fulfilled. Moreover, because
of the uncertainties involved, the reallzation of the desired fishing mortality would be somewhat diffi-
cult.

In the opinion of the Group under this plan, those countries which fish for several species would
enjoy a greater advantage, by reason of having greater flexibility in achleving their species quotas
within the constraint of their effort limitation, than would those countries with fisheries directed to
fewer species.

There is a varlety of ways in which catch and effort quotas can be allocated within a country and
each has its own problems. These are, however, matters for each country to determine for itself., Con-
sequently, the Group feels that it should not comment on this aspect of the matter.

15. STACREM Question 9 reads

Given the presemt atatus of stoeks and fishing effort in Subarea § and Statistical Area 6, assuming
that non-member aetivity does not change, no new entranmts arrive and the coastal state stabilizes
the catches in the territorial waters outaide the Conmvention Arvea at the 1972 level, what will be
the situation of the stocks in those areas in the years 1974 and 1975 1if appropriate cateh quotas
for those years for mackerel and flounders (other than yellowteil) are added to the quotas alveady
establighed and the by-cateh problem is taken care of by revising MSY's of the regulated species

in the arsza at June 1872 and 19737

The feasibility of extending catch quotas to the important species depends on both the ability to
determine the biological basis for quotas on additional species and the problem of by-catch. The former
can be dealt with satisfactorily only when adequate data and theory become available. The latter requires
analysis of the amount and distrxibution of by-catch in the directed fisheries.

The 1971 ICNAF statigtics were first examined to determine the feasibility of treating the pelagic
and groundfish fisheries separately {(Table 4), but no ¢lear-cut distinction was found. To determine the
areas where incompatibility might occur between quotas, the pattern of fishing, as shown by the 1971 fighery
statistics, was projected to the 1973 quota allocations for each country (Table 5). The conclusions are
summarized in Table 6. The method of calculation is outlined in Appendix VII, It should be pointed out
that within the definition of by-catch used, individual fleets in their day-to-day operations have more
flexibility in directing their efforts towards particular species than it appears in the monthly total
catches. 1If this flexibility is used, it would result in overestimating the 1973 interactions.

Rational quotas on named species may create subsidiary catch of regulated species by countries which
have no allocation. However, these subsidiary catches are allowed for in allocating the "Others" portion
of the TAC and the same consideration applies to non-member countries. "Other Groundfish' and "Other Fish"
catepories were not considered in the summary because of lack of information for 1973. There are some
fisherles under national quota allocation which do not have a by-catch problem but for other fisheries,
national quota allocation would rxequire close management of the national fishery te control subsidiary catch
in order to stay within the quota. Tables 5 and 6 clearly indicate problems for some countries in the
flounder and herring allocations. Examination of the total fishing pattern over all countries indicates
that it would be difficult as well not to exceed the haddock quota even though it is not allocated nationally.
Therefore, adjustments will have to be made in 1973 to avold exceeding these quotas by:

A12
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1) changing fishing practices to avold exceeding quotas on these species,

2) reducing directed fisheries for these species within national allocations,

3) not achieving the quotas on some species because of the necessity of avolding catches of
species for which quotas have been achieved.

The magnitude of the total by—catch problem over all countries can be illugtrated by the simulations
of 1973 catches gfven in Tables 7 and B. First (Table 7), the individual specles quotas were assumed to
be taken in the directed fisheries for those species and the incidental catches calculated based on the
1971 overall ratioa of by-catch to main species sought catch. It is obvious that significant overharvesting
would occur under this regime. Second (Table 8), it was assumed that the total directed and individual
catches of 1973 would be the sum of the country values as given in Table 5. The overall total exceeds the
sum of the assigned quotas (or 1971 catch of 1973 unregulated fisheries) for flounder, haddock, herring,
other fish and other groundfish., It takes less in the cod, redfish, silver hake, and other pelagic
fisherles. This 1s because of the reduced by-catch due to restrictive quotas on some specles., If thia
"underfishing" is compensated for by increased directed fisheries, then the total catch of the flounder,
haddock, herring and other fish and other groundfish categories would increase, and exceed the quotas even
more. (Recommendations 5 and 6)

Table 4. Distribution of catches of main species sought in 1971 in Subarea 5 and
Stetistical Area 6.

Speciles caught

Species sought Cod Had Flo Red S H 06 Her oP 0OF
Cod

Haddock + + + +

Flounder

Silver hake + + + + + + +

Herring + + + +
Redfish + + +

Other pelagic + + + + +
Other groundfish + + + +

Other fish + + + + +

Table 5. Simulation of 1973 catches ('000 tons) by main species sought categorles for Subarea 5 and
Statistical Area 6 by country.

Species Species caught
Country sought Catch Cod Had Red Hal S H Flo 06 Her 0P OF Total
Bulgaria S H Alloe. * * - - 0.3 * * 0.2 0.2 0.1 0.8
Est. * * - - 0.3 * * 0.2 0.2 0.1 0.8
oG Alloe. - - - - 0.6 * 1.0 0.1 0.9 0.8 3.4
Est. - - - - 0.6 * 1.0 .1 0.8 0.8 3.3
Her Alloc. * - * - 0.2 * 0.2 3.5 0.2 0.6 4.7
Est. * - * - 0.2 * 0.2 3.5 0.2 0.6 4.7
oP Alloc. * - * - 0.7 0.1 1.4 0.7 31.6 4.8 39.3
Est. * - * - 0.8 0.2 1.6 0.8 3.6 5.5 40.5
OF Alloc. - - - - 0.2 0.1 0.1 0.1 0.1 0.4 1.0
Est. - - - - 0.2 0.1 0.1 0.1 0.1 0.4 1.0
Total Alloc. * - * - 2.0 0.2 2.7 4.6 33.0 6.7 49.2
Est, * - * - 2,1 0.3 2.9 4.7 32,9 7.4 50.3

.. continued

A 13
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Continued

Table 5.

Species caught

Had Red Hal SH Flo 06 Her oPr 0 F Total

Cod

Species
sought

Catch

Country

et NN N v o~
[ ' = e . . .
M A0 OO ™M hh
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o0

-y
(=l =]

1.0 0.1

0.4

Alloc. 2.7
Est. 2.7

Cod

Canada

*
0.1

0.2

*

Alloc.
Esat,

Red

0.2

0.1

Alloc.
Est.

oG

Alloc,
Est.

Her

Alloc.
Est.

oFP

Alloc.
Est.

Total

0.3

Alloc.
Est.

OF

Cuba

0.3

~ T~
. .
(===

=
(=)

0.3
0.3

Alloc.
Est.

Total

Alloc.
Est.

Her

Ger(FR)

oo
o

Alloc.
Est.

oFP

Alloc.
Est.

Total

Alloc.
Est.

0G

GDR

Alloc.
Est.

Her

Alloc.
Est.

OFP

Alloe.
Fst.

QF

106.9
106.9

T o

Alloe,
Est.

Total

o
. .
—

1.2
1.2

Alloc. *
Esat. *

Her

Japan

[~ -
s .
L Mgt

Alloc.
Est.

oP

o
.
o

o
-r

~
o

1.2
1.2

*

Allec,
Est.

OF

o
w

o
-~

-
o
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Eat.
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11.

0.2
0.1

Alloc.

Her

Poland

Est.

137.0

110.4

Alloc,
Est.

0P

*

Alloc.
Est.

OF

0.3
49.3 129.8

57.1 119.9

198.4

18.4

0.3

Alloc.
Est.

Total

194.1

16.4

0.3

Ala
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Continued

Table 5.

Species caught

Rad Red Hal SH Flo 0G Her 0P 0F Total
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Est.
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o
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(=]

[Ta}
.
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- o
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Flo
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o m
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*
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0.1
0.5

0.2

Alloc.
Est.
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17.8

0.2 0.1

0.4

=]
-r

wy
g}

0.1

Alloc. 0.1

Est.

OF

~
[3a]
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.
L]

0.1

0.1
29.0

230.4
233.9

Alloc.
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115.6
126.2

10.3
11.9

USSR
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0.0
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118.

10,
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45.1
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47.2

* Less than 0.1
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Table 6. Quota allocations for 1973 (+) and species for which the quota in Subarea 5 and
Statistical Area 6 is exceeded when the national fleet is managed to obtain the
quota of the named species according to the 1971 pattern of fishing (e.g. under
cod, both Canada and USA would exceed their flounder allowances).

Country Cod Had Flo Red SH 0G Her 0P OF

Bulgaria i +

Canada 4+ Flo + + + + +

Denmark

France |

FRG + + +

Ice

Italy .

Japan ' +

Norway

Foland + ! + + + Her

Portugal

Romania + + + Her

Spain + +

USSR + L+ + + BT 4 ger |+ Flo |+ BT

UK !

USA + Flo 1+ Her L+ il + + +

Table 7. 1973 quotas! ('000 tons) for Subarea 5 and Statistical Area 6 with associated by-catch 1f
"quotas" are all caught in the directed fisheries.
Species _Specles caught (finfish only) o
sought Cod Had Red Hal S H Flo 0G Her oP OF Total
Cod Catch 45.0 8.2 0.8 0.2 0.1 2.7 5.9 <1 <.1 0.2 63.3
Had Catch 8.1 6.0 0.8 <.1 <,1 2.5 3.9 0.0 <,1 0.0 21.5
Red Catch 2.2 0.8 30.0 <1 0.5 1.1 2.6 0.1 0.0 <1 37.4
S H Catch 4.6 2.0 2.0 ¢.¢ 170.0 11.6 35.5 33.2 33.2 26.4 318.4
Flo Catch 12,0 4.5 3.1 0.0 2.6 51.0 9.0 0.5 0.7 0.6 84.0
06 Catch 4.6 1.4 0.4 0.1 18.4 9.0 80.0 9.4 8.3 10.7 142.5
Her Catch 6.5 0.2 0.7 0.0 5.8 ¢.7 3.3 175.0 19.2 8.9 214.4
or Catch 0.5 0.0 4,2 0.0 16.4 5.6 15.0 49.8  470.0%2 55,0 616.6
U F Catch 0.3 0.2 0.0 0.0 31.7 5.0 39.7 8.8 17.5 90.0 193.0
Total Catch 77.8 23.3 42,0 0.3 245.5 89.2 194.9 276.8 548.9 191.8 1691.1
4 100 100 100 100 100 100 100 100 100 100
Catch/Quota 1.73 3,88 1.40 3.00 1.44 1.75 2.44 1.58 1.17 2.13
Quota (1973) 45,0 6.0 30.0 0.1 170.0 51.0 80.0 175.0 470.0 90.0 1117.0
Catch minus Quota -32.8 -17.3 -12.0 -0.2 -75.5 -38.2 -114.% -101.8 -78.9 -101.8 -574.0

1

1971 catches used where no quotas exist.
Mackerel quota of 450,000 tons increased to 470,000 to account for total other pelagic.
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quotas summed over {(A) all Member Countries

Simulated 1973 catches based on 1971 catches and 1973

and (B) all Member and Non-member Countries.

Table 8.

Speciles caught

Species
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Quota (1973)

Total
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61.9
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6.0 29.5 0.1
0.0
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-6.0
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+6.7 +4.2
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Alloc
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Alloc,
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Quota (1973}
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30.0 0.1 51.0 80.0 450.0 88.3
~10.9 +17.7

6,0
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-6.0 ~6.8

0.0

+4.7

0.0

+9.5
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Less than 0.1

*
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16. STACREM Question 10 reads

Could STACRES look into the question of further regulating mesh size and minimum gize of fieh in
Subarea 87

Much of the data required to determine the effecte of further mesh size regulation may not be readily
available. However, certaln generalized effects could be determined from data at hand, and advice from
STACRES on this question would be useful. It is understood that this advice should be related to the

problem of by-catch - both as to the effect on yields of the small fish in the by-catch and the possible
alleviation of such effects by mesh regulation.

CARDOSO QUESTIONS
17. CARDOSO Questiom 1

Could the fishing power coefficients be taken off contimuous curves of tomnage which would take into
account horsepower, winoh power, fishing aide and type of fishing (fresh or frozen)?

For most countries, the information currently available to estimate fishing power coefficients is
based on monthly catch and effort data reported by ICNAF tonnage class and ICNAF statistical divisions (or
subdivisions where applicable}. These data enable the computation of catch-per—unit-effort values by
month for each tonmnage and gear clase of vessel and for each ICNAF division. In cases where "Main Species"
is reported, the Cpue's can be calculated for each "Main Specieg" separately. These Cpue values represent
the average performance of the group of vessels within the particular tonnage classes. However, their use
for estimation of fishing power would involve inaccuracy owing to the need to assume the vessels fished on
the same stock/area withim the division.

For most, if not all, countries similar data should be available in logbooks of individual vessels,
and Cpue values could be computed for individual vessels of varying tonnages with each ICNAF tonnage class.
If this were done, curves could be drawn showing the relationship between Cpue and tonnage and the variance
in Cpue could be estimated for any point on the curve. The Group felt that this could best be achieved
by aational research studies based on detailed knowledge of the activities of the national fleet {Recom-
mendation 7).

18. CARDOSO Question 2
How was the learming faetor calculated?

Recorded days fished of the first two years in a fishery by a gear ftonnage class fcountry were adjusted
by a learning function in order to make one day of fishing in the early years in a fishery equivalent to
one day of fishing in the third and later years. This was done by estimating what the catch per effort of
a gear/tonnage class/country should be had the catch per effort followed the abundance indices recorded by
Albatrose IV for the species concerned, and then adjusting the recorded catch per effort of a fleet to
follow the trend of the abundance index. The first year in a fishery was taken to be the first year a fleet
recorded twenty percent of its total catch in a particular fishery. Learning was found to be completed by
the third year in the fishery. In determining the rate of learning, learning was assumed to increase
exponentially with time.

The data used in estimating the rate of learning were as follows:

Species Subarea Country Gear /Tonnage Class Years

Herring 5z Poland OtSt, 1800+ MT 1966, 1967
Herring 5z Romania otSt, 1800+ MT 1967, 1968
Cod 52 Spain OtSi, 501-900 MT 1864, 1965
Silver hake 52 USSR Ocsi, 501-900 MT 1964, 1965
Silver hake 5Z USSR otsi, 151-500 MY 1963, 1965

These cases (Fig. 6) were used since only they provided sound basis for analysis. Following eatimation of
the rate of learning, data for other fleets (Table 9) were adjusted using the procedure and rate of learning
developed from the above data base. The actual model used is given below. In using this model, learning
was consildered completed when changes in commercial catch per unit effort paralleled the survey index.
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An exponential learning model was assumed thus:

lexp (a*i)] *e,

Y
i

4 the observed commercial catch per unit effort in the :L':!1 year in the fishery after entrance,

™~
1

o
[ ]

Y, = the stock asbundance in the same year, and
e, = residual error, where ln(ei) has a N(®, a?) distribution.

Where the catech of a given species was between 20% and 80%, effort was prorated on the basis of the
catch and when the catch exceeded 80%, the entire effort was considered to be directed towards that species.
The curve was fitted to the logged data by least squares (Fig. 6), It is apparent that learning haa been
completed by the third year in the fishery (year two after entrance). The parameter a was estimated from
all data combined to be 0.70 with an index of determination of 0.82 (propertion of the variation due to
regression). (Recommendation 8)

19, CARDOSO Question 3
How was the inarease of total effort from 1871 to 1872 caleulated?

The United States conducts airplane overflights of the fishing grounds on, generally, a bi-weekly
basis. Fishing vessels are identified as to type and also, as far as poesible, to individual vessels.
These data were summed to estimate vessel days using the assumption that if a vessel was observed during
a week, 1t was present on the grounds for the entire seven days. These data were expanded to a 1972
total using a relationship between days observed and days reported to ICNAF in 1971.

20. CARDOSO Question 4

Could we have data separation on atate of gtocka, fishing mortality and fishing effort in waters

within and outeide the Convention Avea, as was donme for other Subareaa?

The Group noted that the USA agreed to make the necessary dataz available prior to the June 1973
meeting.

EECOMMENDATIONS
21. The Group agreed that the following recommendations be presented to STACREM:

Ree. 1 That Member Countries consider the relative importance of the factors listed in Table 1
and any other factors which would be relevant, and provide corments and revisioms for
eonaideration at the June 1373 Annual Meeting (Ref. MANAGEMENT OPTIONS Section 6).

Rea, 2 That Member Countries analyze their data on "days on ground” and "days fished" and
provide estimates of the variance assoctated with convergion factors obtained from the
ratio of daye on ground to days fished (Ref. STACREM Questiom 1).

Fee. 3 That Member Countries consider the magnitude of the errorg assoeciated with factors
involved in setting a fishing effort regulation by

a) eatimating variance of the cowversion coefficients for 1971,

b} examining the relative Cpue for 1970 and 1971 with a view to determining the
poesible effects of veasel class within and between gear, yeare and species,

e) examining the geasonal and area componente of variation by the technmique of mean
ratic versus ratic of the means,

d) estimating the variance of the eatohability coefficient q.

(Ref.STACREM Question 3).

Reo, 4 . That the CWP (Coordinating Working Party on Atlantic Fishery Statigtioce) be requested
to provide a more precise definition of days on ground than that currently in use
{Ref. STACREM Question 6).
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That Member Cowntries in their statistical submigaions to ICNAF provide

a) more refined data on the speciee composition of catohes, thus reducing significantly
the quantities reported ae "species not speeified”, and

b) more detailed catch and effort data on "main speciea”, thus reducing significantly
or eliminating the records for which the "main apecies" is currently reported as
"mixed”, and enabling more refined estimates of "by-catch" to be obtained.

(Ref. STACREM Question 9).

That Member Countries analyse the more detailed data in nationagl archivee (logbook records)
to estimate more precisely the by-catch and epeciea interaction for 1971 and subsequent
years (Raf. STACREM Queation §).

That Member Countries undertake studies, using detailed information contained in the
logbooke of individual vesaels, of the fishing power coefficients of natiomal fleets
{Ref. CARDOSO Questiom 1).

That Member Countrisee undertake mulyses of historical data on the fishing activity of
their fleels in relation to the determination of learning factore associated with the
development of fisheries in the various Subareas or or the various gtooks (Ref. CARDOSO
Question 2).

That, since considerable analyees remain to be done, necessary steps be taken to conmvene
another seesion of the Group just prior to the June 1973 Annual Meeting of the
Commission (Ref. Seetion 23).

22. The Group agreed that, while substantial progress was made during the period allotted for the meeting,
congiderable analyses remained to be completed and studied. The Group agreed that steps should be taken
to convene another session just prior to the June 1973 Annual Meeting of the Commission (Recommendation 9).

23. The Chairman thanked the participants for their interest and contributions., The excellent facilities
and hospitality provided by the National Marine Fisheries Service Laboratory and personnel and the Marine
Biological Laboratory were recognized by the Executive Secretary on behalf of the participants and the

Commiesion.

24, The meeting adjourned at 1800 hours, 30 March 1973.
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4,

10.

Questions posed by STACREM regarding details of ef fort regulation
FAO, Rome, Italy, 24 January 1973

What are the conversion factors needed to obtain "days on ground" from “days fished" for the
various Member Countries? Do countries collect the necessary information to answer this question
and, 1f not, how long will it take to collect the necesgary data?

Pleage define exactly the following terms:

(a} fishing mortality
{b) fishing intensity
(c} €£ilshing power

(d) fishing effort

and specify what are the variables that should be diacussed for effort comtrol,

The Commission is attempting to comtrol the fishing mortality on the resources and fishing mortality
is an abstract quantity which cannot be regulated directly. The Commission may be able to control
fishing mortality by regulation of fishing intensity or fishing effort. What is the accuracy with
which these quantities can be measured and what is the error involved in using them as a predictor
of future fishing mortality?

If catch quotas are set for several specles which imply different percentage reductions in fighing
mortality, what problems does this raise in connection with a fixed reduction in fishing effort,
especially for countries only interested in some apeciesa?

What is the probable increase of fishing mortality in other Subareas, if a regulation of fishing
effort is introduced in Subarea 5 and Statistical Area 67

If you are controlling your vessels at a level of fishing intensity lower than the one you are
allowed, how can that be judged by the criterion of days on ground?

If both catch and effort quotas are applied to a given stock, what problems are raised in allocating
between countries and within a country to ensure that the two quotas are simultaneously met?

What are the opportunities for coumtries to increase in response to effort control the fishing
mortality caused by one unit of fishing effort?

Given the present status of stocks and fishing effort in Subarea 5 and Statistical Area 6, assuming
that non-member activity does not change, no new entrants arrive and the coastal state stabilizes
the catches in the territorial waters outside the Convention Area at the 1972 level, what will be
the situation of the stocks in those areas in the years 1974 and 1975 if appropriate catch quotas
for those years for mackerel and flounders (other then yellowtail) are added to the quotas already
established and the by-catch problem is taken care of by revising MSY's of the regulated species

in the area at June 1972 and 1973%

Could STACRES look into the question of further regulating mesh size and minimum size of fiah in
Subarxea 57
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Problems related to by-catch
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Fishing effort
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11)  Inter-calibration of gear (STACREM Q. 1, 3, 6)
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4. Enforcement

Othar Matters (Cardoso Questions 1-4)
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Note on definition of fishing mortality and exploitation rate

Fishing mortality is the mortality generated by fishing, inside a certain group of fish. That group
of fish will usually be a stock (of one single species) but can also be a different group, as for example,
a single year-class within that stock, 2ge group, sex group, etc,

Natural mortality is the mortality generated by causes other than fishing inside a certain group of
fish.

Mortality is the proportion or percentage (in terms of numbers of the fish or members of the group in
question) that would be killed by the corresponding cause within the unit of time chosen. This unit of
time might be instantaneous or finite. If finite, it may be one hour, one month or, as generally used,
one year. Although easily understood when one chooses a finite interval of time, the notion will, for
other reasons, be difficult to grasp, as we will see further cn.

The instantaneous fishing mortality is the proportion of a stock removed by fishing at that instant
during the infinitesimal interval of time dt. During that infinitesimal period of time the stock size
or abundance N (number of fish in the stock) may be considered to remain at N and suffer then an infini-
tesimal change dN. The proportion of stock removed is then dN/N. Consequently, instantaneous fishing

mertality, F, is

.1 @

The negative sign only denotes that dN is a quantity removed, not added, during the instantaneous interval
dt.

F=

Expression (1) can easily be integrated, assuming no other cauvse of mortality, if we consider that
instantaneous mortality does not vary with time:

F= '%“— . 31; -Fdt = %N— -Ft = log N + Conatant
When t = 0, Constant = ~log Nj
Thence, -F¢ = log N - log N
and

e—Ft - N (2)

which shows that, if F is a constant, the abundance of the atock ({.e., the number of fish in the stock)
decreases as a result of fishing with time and mortality in an exponential manner.

If we apply the definition already given, to a finite interval of time, 1f € is the catch during
that interval of time A%,
F, = c.1 (3)

8§ at

where N 1s the mean value of the number of fieh N in the stock during the perlod Af, taking into account
all the gains or losses occurred due to any motive during that period.

Because of all varlation causes, N varies with ¢, so that N = F(z). Then, 1f At = &1 - &g,

E1
f Fe)de
+
TN @

This expression shows that it 1s impossible to determine F. due to fighing 1f you do not know the varlation
of N due to &ll other causes of mortality during the interPal of time considered. It also shows that if a
fleet takes 20% of the fish that exists on the grounds fished at the time of fishing, two equal fleets
will not take double the amount of fish of one fleet but something less. This is due to the so-called
competition between the sources of mortality.
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With one fleet operating with a mortality of 20%, we will have approximately

.o 1/2 - 20%(Np + BOX Ng) _
A 1/2 (Np + 80X Ng)

F 20%

which in relation to Ny means that the fleet caught approximately
1/2-- 20%(Np + 80X Np) = 18% Ny

With two fleets, we will have approximately:

o _.1/2 + 20Z(Ng + 60% Ng) + 1/2 - 20%(Ng + 60% No)
L7 /2 (No + 60% Np) = 402

which in relation to Nj means the fleets caught approximately:

10% Wp{1 + 60%) + 10% No{1l + 60%) = 20X Np{l + 60%) = 32X No.

Because of the difficulties pointed out, it is far more practical to work with instantaneous fishing
mortality and use expression (2). It is customary to designate the fishing mortality coefficient as F.
If the time interval is of ome unit:

-F
N, =N, e (5)

It is obvious that mortality coefficlents can be added together and simply multiplied by time units. The
wost common time unit, ag we already said, is one year,

Under identical assumptions, but taking into consideretion the natural mortality, defining instan-

taneous natural mortality in an identical manner, one cbtains:

oy (P
Noyy = Nee {6)

N, = Nge” (P 63

where M 18 the natural mortality coefficient. The sum (F+M) which corresponds to the mortality generatad
both by fishing and all other causes la designated by:

Z=F+M (8)

where Z is the total mortality coefficient. From expression (7), it follows that

t . e (FHO)E and Ng - N, = Np - Noa (Fi)
Nyp t
Hence, Ng =N _
T t. [-e (M)t] 9

which allows an easy calculation of the percentage of fish naturally dying, or fished, or naturally dying
and fished, if certain values of mortality ccefficients apply.

The following table is an example of the results of that calculation:
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Line Total mortality Number of Percentage of
No. coefficient time units fish dying

1 0.10 1 10

2 0.10 2 18

3 0.20 1 18

4 0.20 2 33

5 0.40 1 33

6 0.70 1 50

7 1.00 1 63

8 1.50 1 78

It follows from the above table (lime 5) that 1f F = 0.20 and M = 0.20, then, within one year, 33% of
the fish will die. In this example, half the total wortality is due to fishing, the other half to other
causes. If there had been no fishing mortality, 18% would have died of other sources inside the period
regarded (line 3) and not 16-1/2%.

The ratio between numbers of fish removed due to fishing and total numbers of fish dying 1is referred
to as the exploitation rate, denoted by E,

. (10)

Nl

F
E= v~

If F=0.20 and M - 0.20, then E = 0.5,
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Notes on terminoclogy used in fishery agsessment

by

Captaln J.C.E. Cardoso
Portugal

1. Fishing power of a_vessel with a certain equipment, master and crew, working on a certain density of
fish of a certain stock, in a certain area of the grounds, at a certain moment, is defined as the amount
(weight or number) of fish caught by the vessel per unit fishing time at that moment.

c

where C is the catch, i.e., the number of fish caught by the vessel in the area, divided by fishing time T.
The term C/T is therefore a function of (vessel, equipment, master and crew, demsity of fish, location of
area, season, weather and stock).

Density of fish is defined as the amount (weight or number) of fish of that stock existing in the
area per unit volume of water V.

N
6= ()

where N ig the number of fish in the volume V.

It is obvious that fishing power of a vessel can only be constant when equipment, master and crew,
density of fish, location, occasion, stock are all censtant and wall determined.

Fishing power may also be defined for a fishing gear. In such a case, 1f the gear sweeps or encircles
a certain volume of water, as the density of fish N/V 18 a comstant, to that volume corresponds the number
of £ish N which will be caught. That is, in such a case, there 18 a simple relation of scale between the
volume swept V8 and C. Fighing power of the gear may then be defined as

VE
7 - -2 (3)

where V_ is the volume of water swept by the gear per unit fishing time T, assuming all the parameters
mentiondd to be constant,

2. Relative fishing power of one vessel (or gear) with a certain equipment (accessories), master and
crew, on a certain density of fish, of a certain stock, in a certain area of the grounds, at a certain
moment, 18 the ratlo of its correaponding fishing power and the fishing power of a reference or standard
vesgel (gear) with a certain equipment (accessories), msster and crew, operating in the same density of
fish of the same stock, in the same area, at the same moment.

Cq1/T
RFP; = p; = Et§T§ (4)

where C; is the catch taken by vessel 1 in fishing time Ty, and Cy is the catch taken by the reference
vessel O in fishing time Ty.

It is generally assumed that RFP, once praperly determined, i.e., with all fixed necessary parameters,
will remain constant even when some or many of these parameters differ.

3. Fishing effort exerted by a fishing vessel or gear is the product of its relative fishing power and
its fishing time.

X =0Ty (5)

This expression enablea the fishing effort of different vessels to be measured in the same unit of effort.
It is obvious that the measure of fishing effort is really relative to the reference vessel used to deter-
mine p; and, strictly speaking, is only valid for the parameters fixed to determine p.

It is often necessary to determine the total fishing effort exerted by n vessels over an area A.

Cl1
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This will be:
X, = 1 p,T (6)
!
where the total sum of the efforts exerted by vessels 1 to n in the area 1s calculated. This concept
may still be applied to a larger area, where it is known that different densities of fish in the stock

apply. This will be considered next when we deal with fishing intensity.

4, Fishing intensity, applied on a stock in a certain area A during the interval of time At, is the
total fishing effort applied in the area per unit of area and unit of time.

i=zrn iEn

X p,T

e R = Yl
Aver T K ac

Hhe

N

When one 1s dealing with large areas, it is important to define effective overall fishing intensity:

£ = Bf ®)
s

which is a weighted average of the values of fishing intensities applied in different part-areas of the
total area considered, & being the demsities of fish occurring in the different part-areas.

Some confusion occurs sometimes between the concept of fishing intensity and fishing effort. This
arises because it 1g many times practical, and usually done, to work with annual values and take the year
as the unit of time. In the same manner, if you take the area under study as the unit of area, then
fiching intensity 1s equivalent to fishing effort,

5. Bagic relationship between fishing mortality and fishing effort. It is assumed in fisheries that

F = gf (9

The instantaneous fishing mortality in an area on a stock ig directly proportional to the effective
overall fishing intensity in the area on the stock. If it is aggumed that the density of fish and
intensity of fishing do not vary significantly within the area, the effective overall fighing intensity
will be approximately equal to f or the average of £, the fishing intensity. However, as previocusly
explained, in practical population dynamice work, F = X. Consequently,

F = gf = qX {10)

6. Catchability coefficient. From expression (10) 1s 1is easily seen that

Consequently, q is the instantaneous fishing mortality induced in the area per unit of fishing effort.

If we introduce the notion that %% = -FN, and set X = 1 and dt = 1, we can then write

- dN_N €12)

The catchabllity coefficient in the area is the proportion of atock removed per unit of fishing effort,
Applying the notion of a standard vessel, p = 1, we can state that the catchability coefficlent in the
area is the proportion of stock removed per unit fishing time of the standard vessel.

7.  Catchability coefficlent of a ship. In the case of n vessels fiahing the same stock in the reference
unit area, we can write, from expression (7):

{=n
F-qx-q[in] 13)
1=1
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Since fishing mortality coefficients F are additive, we can write:

iEn iin iEn iEn

F = F, = g X, =q 0, T, = qp, T (14)

S I - e e i !

If we call a0y =, (15)
iEn ign

we have F= F, = q,T (16)
=1 1oy 1H

and consequently Fy o= qT, (17)

Hence, q , the catchability coefficient of a ship fishing in the reference unit area, is the proportion
of the séock removed per unit fishing time of that vessel.

8. Relation between fishing power, catchabilit coefficient and catch per unit fishing time of a vessel.
When we have several vessels during the unit year fishing the same stock in the reference unit area, we
can average the stock slze over the unit year and take it as the wnit of stock, which means N = 1, 1In
such a case, it is evident that the catchability coefficient of a ship is equal to its fishing power and
the fishing mortality induced by it.

dNi Ci
Fi = g x1l= 5 - FPi =q x 1 (18)

And as we consider that the stock is conatant, we have from expression (18):

FP C,/N ¢ F
=2 - 222 _ Lz _F» 9o . 19
FBy €/ ¢ ¥y q; (19

which means that the ratio of the fishing power of two vessels is equal to the ratio of the catch per
unit filshing time of these vessels.

One should mention that it is common to call the catch per unit fighing time of a vessel cpue (catch
per unit effort). This is a slight inexactitude of language resulting from the fact that in absolute
for that vessel, a unit time of fishing is a unit of effort, although this vessel may be efficient encugh
s0 that one unit of its fishing time may correspond to more than one unit of fishing effort measured in
standard units of fishing effort,

9. Mortality of & stock in terms of catch per year of the vessels figshing the astock. From expression
(16} we have seen that F = F, + F, + +F

F
which can be written F=F + Fl%% + oaeae. + FIF% (20}
C cn
From (19) we conclude that F = F; + F]Ef S S FIET
[ %
or F=F |1+ ¢ + ..., €
[ %
or F=qT)|1 + C + ... T, (21)

where F is the instantaneous fishing mortality of a stock of average size N, during the year, as a result
of fishing by a fleet of vessels when the mortality induced by the standard vessel is q1T) and this vessel
in that year caught C; tons of fish and the other vessels Cz, C3 ... C“ tons,
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Notes on regulation of total fishing effort and the problem of by-catches

by

Captain J.C.E. Cardoso

Let n, be the quantity of specles n caught as a by—catch of the fighery on species 1 and o the

amount of Species n caught in the direct fishery of n.

i=n
The total quantity of species n fished is Z n,
i=1
) n=n i=n
The total quantity of all species of fish caught 1is 2 n,
n=1 i=]

Two polnts must be stressed:

a) The concepts of fishing ef fort and fishing intensity only have scientific value when applied to
one definite area and one definite stock and the more restricted the stock {(e.g. age group of a
definite population) and the area, the greater the possible accuracy.

b) The simple relationship, F = qf, will, in many cases, hot hold for several stocks in a large

area, For example, it could actually be poasible to increase f in an area while reducing F.
1f increased, f were applied to predator stocks only, thus reducing their numbers, the total
number of all fishes in the area might be increased.

n=n 1i=n
It would not be scientifically correct to translate I
another, Also in the relationship of one varisble to n=] {=1
made which are, in turn, affected by the variability

into fishing effort from one year to
another, many assumptions have to be
of the parameters.
n=n  i=n

Let us assume that it is possible with sufficient acguracy to estimate the conversion of Z ¥ n,
into total fishing effort X, based on historical data. To show that maintaining fishing n=l i=1
effort at X has a very low probability of maximizing the sustained catch from the fisheries
while allowing proper congservation of the stocks. Let us conslder, for simplicity, a binary biomass con~-
sisting only of two stocks, stock 1 and stock 2. Using the notation previcusly suggested, we would
consider the following yearly catchea:

Catch of direct fishery on 1 1s 1, 27 is by-catch of 2 in fishery 1

By-cateh of 1 in fishery 2 18 1, 2, is catch of direct fishery on 2
Totals 1 1+ 1p 2 1+ 22
Overall total 11 + 12 + 21 + 22

Assuming that there 1s a limitation on maximum catch of stock 1 and that catches on stock 2 are not
limited, that I is the maximum sustainable vield for stock 1 and that the maximum catch aliowed 1s I, then
for maximization and conservation, 1; + 1, = I, But, if there is no limit on 2 and the by-catches of 1 in
fishery 2 are important, increasing the catch of 2 will increase l; rapidly. In other words, it is
impossible to regulate fishery 1 with a limitation on 1 only. 1In fact, by increasing 2 without limit,
stopping the direct fishery for 1 may not be enough to conserve 1 since 1, may become larger than I. If
the problem of the by-catch 1s severe, without fishing for 1, 1l; may exceed I even before 2, reaches its
maximum sustainable yleld. This is really the argument put forward to justify the necesglty of impesing
a total fishery effort regulation. However, the argument only proves that in order to regulate I you will
have to regulate 2 also. In fact, a total fishery effort regulation may be inadequate to solve the
problem.

Another point is that fisheries with large by-catches are not desirable from a conservation point of
view, and that the by-catches 1, and 2; may be quite large with no allocation of fishing effort. In other
words, by-catches are catches in which the main assumption, ¥ = qf, which allows mortality to be controlled
by control of fishing effort, breaks down., It may immediately be concluded that the problem of by~-catches
can be solved by a careful consideration of maximum allowable catches and an intelligent regulation of
indiscriminate fishing, but camnot, in principle, be solved by regulation of fishing effort while respecting
the tenets of conservatfon of stocks at maximm possible yields.
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To Mmit total effort at some arbitrary low level may or may not solve the problem of by-catches,
but cannot certazinly either lead to maximization of catches or guarantee the conservation of stocks.
Assuming that it is possible to convert correctly 1; to effort X; and 2; to effort X, then 1; and 2, in
practice correspond to zero fishing effort.

If now an arbitrary limit L is set on total effort, this limit, if "correctly” set, should correspond
to the catch, 1} + 13 + 2; + 2;.

It is immediately obvious that, when converting 1; + 1; + 2; + 2, into effort as a "lump" stock, the
resulting effort could never equal X; + X; since the relationship F to f in stock 1 is different from that
applying in stock 2 and either of those two relationships different from that applying in the hypothetical
"lump" stock 1 + 2. Thus, arbitrarily or "correctly" calculated, we may always write

L=X; +Xy ¢

where € 1s a positive quantity equal to the absclute value of the difference or error in L relative to

X1 + X2. Since there is a limitation of catch in stock 1, it is now obvious that the termination of fish-
ing on that stock will not coincide with the X; effort. This is because X) corresponds correctly only to
the component 1y of the catch in stock 1 while, all the time, another component 1y is being added as a
result of fishing stock 2 at a rate that has nothing to do with the relation between 1; and X;. If 1, is
accumulated at a faster rate than 1;, X; will not be fully spent by the time I = 1; + 13 is caught, and
vice-versa.

Assuming that I has been caught at she end of application of effort x% = Xy * €7, then the effort
available to catch stock 2 will be L - X = X} + X5 2 e - X; * €] = Xp * € * ;. The effort necessary to
catch IT = 27 4+ 2; will similarly be X5 = X3 * €3, 80 that, if stock 2 is to be properly regulated,
Xprextep=Xyteportete; tegy=0,.

If this condition is not fulfilled, stock 2 will not be properly regulated and unless the regulation
curtails drastically the fishing time available to fish stock 1 and especlally stock 2, as 2 is not
regulated, stock 1 will not be regulated either, because ss we have seen, with important by-catches, one
stock cannot be properly regulated if the other is not.

It is our contention that the condition IZe = Q, in which the errors ¢ are so difficult to estimate
and control, proves that, especially in a multi-species fishery, total effort regulation will either
prohibit maximization of yield or else will not secure proper conservation of stock of apecles threatened
by the existence of large by-catches of those specles as a result of fisheries for other species.

It is, therefore, maintained that in a multi-species fishery, total effort regulation may, because
of the abundance of cne large stock ¥, allow a large total effort. This large effort will have a cata-
strophic result if diverted to an unregulated aspecles Z or be harmful to regulated species R due to by-
catches in the fishery on Y alone or on R.
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Calculation of projected 1973 catches in Tables 5 and 6

The projected 1973 catches were calculated as follows:

(1) For each country the 1971 catch statistics in Table 5 of the ICNAF Statistical Bulletin were
categorized by main species socught by the Assessments Subcommittes (see Table 2), The annual
percentage catch distribution of each species caught over the main species sought fisheries
was calculated.

(2) The percentage of the species in by-catch to the main spacies sought within each fishery was
calculated for 1971.

(3) The 1973 species quotas or 1971 catches for species or groups of species where no quotas are
assigned were partitioned over fisheries on the bagis of the percenvages as calculated in (1)
above and called the allocated catech!,

(4) The estimated by-catch for 1973 was calculated by applying the percantages in (2) above to the
"allocated" directed catch to give a 1973 "estimated" catch (Table 5). The main conclusions
are summarized in Table 6.

(5) Where the "estimsted" catch exceeded the “allocated", the consequence 1s overharvest unless
there is a change in fishing patterns. Where it is lower than the allocated catch, the result
would be an underharvest unless there is an increase in directed effort (with accompanying
increased by-cateh).

(6) The country values were then summed both for Member Countries only and for Member and Non~Member
Countries to illustrate the overall situation (Table 8).

! gaddock was adjusted for the reduced quota, The mackerel quota was used for the other pelagics.
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