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1 INTRODUCTION
Many of the commercially important fish stocks of the ICHNAF area have

become subject to catch quotas. It has been further proposed by the USA that
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in addition to these catch quotas there should also be an overall restriotion
on fishing effort in sub-areas 5 and 6.
The aim of esach of these management schemes is to attain the long-term
(Maxinmum Sustainable Yield),
MSY { or, in the case of one herring stock, to maintain a specific atoock
level. In other circumstances the management objective might be to stabilize

the fishing mortality at the level of the maximum economio yield; +to allow

a depleted stock to recover or to stabilize a new fishery at some safe level
Pending further scientific investigation. The management scheme appropriate
to any of these aims, except possibly the last, should be baged on the best

available scientific assessment of the resource. Unfortunately, all

Published in ICNAF RES. BULL. NO. 1T:

assessments of fishery resources are subject to some degree of error. The
relative importance of the error is a funotion of the inherent variability of
the species and the amount of research and sampling devoted to it but, because
the errors exist, all schemes of ma@ament,‘ in the short temm at least, will

fail to some extent to achieve their precise objeotives, It ie therefore
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important to try to give some idea of the likely impaot of asgsessment errors
on the schemes of management proposed for and in action on the fishery
resources of sub-areas 5 and 6 of the ICNAF region.

Assessments of many of the stooks of fish in these areas are aa yet
incomplete and the variability of the parameters contributing to catch,
fishing effort and population size is virtually unkmown. Necessarily, there-

fore, this paper cannot examine the effects of errors of many of the actual
management schemes proposed and alresdy in aotion but it does attempt to

provide a general framework to investigate the effects of assessment errcra.
This is in the hope that it will assist the acknowledged experts for each
species to gather some idea of the likely level of uncertainty associated
with a particular management scheme, In addition to the errors that result
from inaccurate assessment of stocks, effort quotas will, by their nature, bs
the subject of systematic and random errors in their application due to the

variable performence of fishing vessels on a year-to-year, or trip-to-tripbasis.

2 SOURCES OF INACCURACY

Errors in assessments may be classified into two types. The first type
are biasses in sampling techniques and parameters, which tend to imply
objectives of management that are incorreot in themselves. The second type
are random errors in sampling and estimates of parameters. These, while
less often resultiing in the ochoice of incorrect objectives, tend to make it
impossible to achieve precisely a siated objective in a given year.
2.1 Causes and effect of biasses

Biasses in sampling schemes and estimates of stock parameters are
caused mostly by inadequate sampling but they can also arise as a result of

once—only assessment of partiocular parametérs. Thus, for example, the
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natural mortality of a fish stook is often estimated by forming a regression
of the yearly estimates of the total mortality acting on the stock agalnst
the yearly estimates of fishing effort deployed on the speoiasﬂ An
extrapolation of the regression line to the point that corresponds to zero
fishing effort gives a value of total mortality that is an egtimate of the
natural mortality from the available data. In practice, however, this may
well be too high or too low. Since an error in the estimate of the natural
mortality of a stock will lead to an error in the estimated form of the

yield ourve it may well result in schemes of management which are designed
to achieve an objective which is in fact incorrect., This can be 11lustrated

very simply. Halliday (1972) developed three possible yield curves for the
Eastern Scotian Shelf cod stock complex. These three yield curves were
calculated under the alternative assumptions that M,the natural mortality,was:
0.1, 0.2 and 0.3, the corresponding fishing mortalities aasociated with MSY
are 0.3, 0.4 and 0.6 respsctively, If it was assumed that M was 0.2 then,

if the aim of management was to achieve the Maximum Sustainable Yield (MSY),
the management objective would be to achieve a fishing mortality (P) of

about 0.4, If in fact the true value of M was 0,1 management action to generate
F = 0.4 would produce an actual F = 0,5 which, because when M = 0.1, FhSY = 0.3,
would be 67% higher than the desired cbjective. If, aliernatively, the true
value of M was 0.3 then the level of fishing which would produce an apparent
fishing mortality of 0.4 relative to the assumption that M was 0.2 would in
fact produce a true fishing mortality of approximately 0.3; this true fishing
mortality would be about 50% too amall to achieve the MSY, which for an M of
0.3 occurs at a fishing mortality of approximately 0.6 (a bias in M produces

an approximately equal but opposite bias in fishing mortality as calculated

by Virtual Population Analysis; see Agger‘éilgl. 1971). Thus erroneous
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assumptions about natural mortality can generate errors in the objectives of
fisheries management.

Similar errors might well be introduced by biasses in sampling sohemes ,
The non-reporting of catch of species, assigning the catch to the wrong area
and the non-measuring and ageing of fish or the measuring and ageing of fish
in some biassed fashion might all lead to sssessments of fisheries which
suggesated management objectives which differed substantially from the true
optimum management scheme. The effects of biasses in sampling schemes cannot
be overcome without drastic improvement in the data base of assesament work
and they underline the Plea for more and better sampling effort made by the

ICNAF Statistician,

2.2 Causes of random e Py their effectg on
management oblectives

Random errors in sampling methods and estimates of stock barameters are
created by the process of sampling populations and catches for characteristics
of length and age. This inevitably leads to random errors in estimates of
these characteristice. Gulland (1955) examines the errors inherent in estimat—
ing age distribution from samples of catches. In addition to errors introduced
as a result of sampling, some parsmeters may vary about their mean value from
year to year in an apparently random fashion., 4n example of the random
variation of a parameter may often be observed in the catchabllity coefficient
(q) which relates fishing effort (f£) to fishing mortality (F), F = qf) in a
particular stock. In these circumstances a given level of fishing effort
would produce a fishing mortality that varied from year to year. Therefore
a level of fishing effort designed to be compatible with the maximum sustain-
able yield might in fact produce a series of fishing mortalities which varied

to a greater or lesser extent about the optimum level. While it has been
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shown by Pope (1972) and by Garrod (1973) that fluctuations about an optimum
do not inevitably lead to a amaller average yield, large fluctuations might
be embarrassing in that they could lead to periodic shortages and could
conceivably do permanent damage to stocks by impairing their ability to pro-
duce adequate numbers of recruits., This might conoelvably be the case for a
stock with a steeply parabolic stock-recruitment relationship as for example
the curve developed by Herrington (1948) for the Georges Bank haddock stook.
Thus, random variations are ocaused in estimates of parameters and esti-
mates of stock by both the lack of precision of sampling regimes and by the

natural variability of some parameters.

3 ERROBRS IN CATCH QUOTAS AND EFFORT QUOTAS

Biasses are by their nature difficult to establish siné;e they are often
the result of incomplete data. To eome extent they may be at‘\\d.iad by
considering alternative posaibilities and choosing courses of Ection that
minimize any risk.

Random errors are more amenable to analyeis but the error oduponents
depend on the frequency of adjustment of the management regime, t\atoh quotas,
as currently envisaged, necessitate annual adjustment with referenc\a to an
estimate of the existing stock level. Effort quotas may be adjuatac;\ annually,
in which case they will be influenced by errors in estimates of the \:ference
stock. Alternatively, effort quotas may be set to approximate MSY ove\- a
longer period. ‘\

Basically errors in catch quotas result from errora in eptimates oi\\ thé
population size at the beginning of the year in question. Incorrect etiXates
of weight at age and selection at age may also cause random errore but the\a

effects are usually smaller than the effacii of errors in population est:l.ma.t\\s.

\
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If C4 is the weight of catoh of fish aged (a) from a stock with Py fish

of that age, whose selection to the fishery is defined by Sar and whose weight
is Wy, then

Cy =P aM+s F(1-axp{(s F+M)})w : 3.1
This may be simplified if S, can be regarded as the proportion of the popula~
tion (P,), available to capture as opposed to the proportion of the (fully
reoruited fish) fishing mortality (F) that acts on the age group.
Then

%:%%Q—mﬂﬂa 3.2

where A, = P, S W, may be called the exploitable biomass of fish aged a and
4, the sum of all the 4,'s, may be called the total exploitable bilomass. The
catch quota (Q) that will cause & certain fishing mortality (F) on the stock

is given approximately by

P
1= 4 £(1 - exp(-2)). 5.3
In practice the 4, can be separated into three components. If r is the age

of first capture, fish for which a < T are young unexplcited fish for which

Aa = 0. Fish for which a = r are the recruits of the year, and the value of
Ar cannot be determined from the results of previous years! catch and effort
data. Fish for which a > r are fish exploited in previous years.

Ar may be estimated in some cages by young fish surveys. In other ceses,
it may not be known and for the purpose of setting catch quotas the average
value of Ar may have to be used or the value of Ar predicted by a stock-~
recruitment relationship. Clearly this can lead to large errors in the catch
quota if Ar is a large proportion of 4 and if the Year-to-year variation in
recruitment to the stock is large,

Where a » r the Aa's may be estimated in two main ways. The first of
these is to use estimates of the catch at ;ge in the previous year together
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with the estimates of the fiahing mortality (obtained from a knowledge of
fishing effort),selectivity and natural mortality. The second method is to
use the estimates of relative yearly biomass obtained from groundfish surveys
to estimate the absolute abundance in the current Year. Using the first
method random errors occur in the total avallable biomass (A) as a result

of errors in the estimates of the numbers caught at each age in the previous
Year and the selectivity in the previous year. The error in selectivity is
often small compared to errors in the other estimates and will be ignored for
the purposes of this investigation in the interests of elmplicity. If it

can be assumed that the numbers caught at age have a fairly constant
coefficlent of variation (this is often the objective of sampling schemes )
then the errors in the estimate of fishing mortality and catech will induce
errors in .4 (the biomase of fish aged greater than the age of first

capture, i,e. A-Ar) such that,
2
Va.r(A—Ar) = (m-;mr)2 (%ﬂ) + (-A—}Al) (%) 3.4

where Egiégl is the average value of this ratio for all ages, The derivation
of this formula is shown in the mathematical amnex. 8 in the formula is a
factor depending on the growth and mortality of the stock and the variability
of ite recruitment, which is also explained in the annex.

Since Ar and A-—Ar are statistically independent,

2
(a-4)% (——(JV“;ZF E ( ;Ar) (“:g")) +Var 4, 3.5

Var(a)

Since from 3.3,

Var(Q)

2
Var(a) (%(1 - exp(-.z))) 3.6
which may be simplified to !
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2
Vax(Q) = Var(8)(1 - exp(-F))7. exp(-H), 5.7
using the basic assumption of cohort analysie (Pope 1972).
The error in the catch quota causes an error in the value of § generated on

the actual populations. This ias given approximately by
Var(F) -L‘:éﬂl. exp(2F + M) 3.8
or using formulae 3.7 and 3.5

> - ezF ar (‘A"Ar)2 ar
Var(F)"‘(1-eF)2 2z {(A—At)2 l?(zil.,, 5 V_Cégl +Va.r(A1.)}. 3.9

Let

=u = V,

A-4A, fE
A
Then approximately

Va;zﬁ‘) - ezi"{uzcra:‘zgr) . _vt;(;:)>+ W2 Va:(x_%xz ) } 5.10

Thus if ¥ were the level of fishing mortality associated with MSY, 3.10 gives

Ir

the error associated with catoh quota. By way of comparison the variance of

fishing mortality (F), that would be achieved by an effort quota, is given by:

Va;éF} - Varég! ) 3.11
q

where g was the catchability assoclated with the effort measure adopted in the
quota, If this measure of effort was the same as that which was used to
estimale the level of fishing mortality in the previous year in the estima-

tion of the catch quota (presumably the best available measure) thens

Var(q) - Var{F . ' 3.12
2 2
q F

In this case it is likely that an effort quota would be more scourate than a
|
catch quota. If however the effort quota were based on some measure of
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effort which related less well to the fishing mortality of the stock in quea-
tion,either through choice of unit or its gemeralization over a number of
stocks, then the catch quota might well be the more accurate. .For example,
for a cod stoock the best estimate of fishing effort might be Spanish trawler
hours fishing specifically for cod, which might relate quite well to the
fishing mortality,while overall days on ground for all species might hardly
relate to the fishing mortality on cod at all.

Equations 3.10 and 3.11 relate to the case where the object of stoock
menagement is to generate some specific level of F (e.g. MSY). When the
objective of management is the maintenance of some specific level of stook
biomass B in the following year then if a catch quota is used a variance will

be induced in B so that where F is the fishing mortality of the ocurrent year,
F Var
Vaz(B) .. 2F {uz . (;a) ' v2 (Vs.r(F) N Var(202>} _ 5.13
B A, F° 6c

When an effort quota is used

VYar(B 2 Var(4dg) 2/ Var(F Yax(C Var a2

8
This tends to mean that in an annually adjusted regime, such as is necessary
to maintain a specified stock size, effort quotas have a less variable effect
than catch quotas, but the greater precision of effort quotas is wholly

dependent on there being an adequate relationship between fishing effort and
fishing mortality.

Equation 3.4 is the expreﬁsion for the variance of A-Ar when itlis
estimated from the previous year's catch and effort data. If the estimate of
A-Ar was based on groundfish surveys the variance of this estimate should be

substituted for 3.4. The likely prﬁciaion.of estimates of avallable biomass
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are given by Grosslein (1971) and by Jones and Pope (1972). Methods of
estimating the various variances are shown in the examples of Appendix B,
4 THE VARIABILITY OF FISHING VESSEL IERFORMANCE

IN RELATION TO CATCH AND EFFORT QUOTAS

If effort quotas are set either with or without catch quotas then the
need to allocate the quota between countrieas will require a knowledge of the
relative performance of the fleets from the various countries. Siﬁilarly,
each country would have to assees the relative performance of the individual
vessels that it intended to allow to use the national quota.

The relative performance of a particular vesssl is a quantity that varies
to some extent from year to year and thereiore the fishing effort developed
by a particular vessel would in practice be greater or smaller than the actual
effort allocated to it. Because of this, the variability of veasel performance
would be a problem to any country trying to meet a fishing effort quota. Imn
order that the magnitude of such variations might be appreciated an analysis
was made of all British fishing vessels fishing at Iceland and in the
north-east Arctic in the years 196Y-71. The analysis consists of an examina-
tion of the variation of catch per eftort of individual vessels from the tonnage
group mean for each year and an examination of the average variation of each
vessel's catch per effort between years.

Catch per day of individual vessels will be influenced by the stock
abundance, skipper-trawler combination and season of fishing. Within years
the stock abundance is assumed constant, i.e. the average catch per unit effort
taken over the whole year should be the same for equivalent gkipper-veesel

combinations. 1In the British atatistics skippers are not recorded and as a

3
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first approximation the tonnage of the trawler is taken as a charscteristic

that might be related to the ekipper-trawler combination (see Gulland 1956).
Seasonality has not been analysed as such but 1t may be reflected to some extent
in the analyses of the number of days spent in the area during the year; trawlers
which only oocasionally visit an area are more likely to do sc at the moset
favourable seasons.

Tables 14 and B summarize the relative performance of trawlers in
different tonnage categories fishing at Iceland and in the north-east Arctie,
performance being expressed as the deviation from the mean performance of all
vesgels in each area. The ocatch per unit effort of trawlers 0-499 GRT is
below the overall mean, owing to their smaller size and greater specialization
in their fishery objectives. There is a considerable increase in catch per
unit effort through the 500-900 GRT range: this does not extend to the 900+
GRT class and over the whole range the variation attributable to tonnage only
accounts for about half of the total variation. The standard deviation of
performance of all vessels fishing Iceland is 25-308; the dispersion is
greater than in the north-east Arctic because of the wider range of vessel
operations there. Within each tonnage grouping the between-trawler deviation
is stable at T 20%.

The alternative analysis at Table 1C summarizee the within-ghip varia-
tion over the three years (i.e. the Geviation of a trawler performance in
one year from the average relative performance over the three years) in rela-
tion to the amount of time spent on the grounds. There is & weak trend of
above-average performance with shorter perioda, but this could easily be an
artefact of the statistics or a reflection of improvement due to fishing

tactics which select for season. The peried &roupings show standard deviation
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of individual vessel performance decreasing from 20 to 10% as the period
increases. The similarity between this figure and the between-trawler per-
formance indicates that the identity of the vessel has very little comnection
with the annual fishing performance and each year's fishing might be con-
sidered as though it were carried out by a different boat.

The trend in variation with fiwbing time has a bearing on the
within-country allocation of an effort quota. At an extreme, if one vessel
used all the quota during a year (S.D. 11%) over the years 95% of the
annual catches would be at most ¥ 2%% of what was predioted on the basis of
average sBtock and average performance. 1f the same effort quota were divided
amongst a number of veasels, each wiith a shorter time allocation, the varia-
tion of individual performance would increase, but the accuracy of meeting

the overall national catch and effort quotas would improve.

5 VARTATION IN THE CATCHABILITY COBFFICINT

The formulation of potential errors set out in Section 3 defines the
importance of variations in the catchability coefficient in relation to
regulation of fishing effort. These variations spring from variation in
the fishing performance of veasels and biclogical variation in the availability
of the stock. Section 4 examined variation in the fishing performance of UK
vessels as it might affect the allocation of catch and effort quotas. This
section examines variation in the cetchability ccefficient itself,

Virtual population estimates of fishing mortality (F) on fully recruited
age groupe have been taken from ICES and ICNAF publicationas and each mortality
allocated to component fishing fleeta according to the ratio of the fleet
catch to the total internaticnal catch. The estimated fishing mortality per

fleet has then been related to the recorded fishing activity of that fleet
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to provide an eatimate of the catohability occefficient (F/f = q), where both
F and f have been measured independently. Strictly, the partitioned values
of fishing mortality are not instantaneous coefficients but they may be used

as such in oonsidering the effect of a national fleet in relation to an
annual quota.

Table 2 seta out for various fisheries and fleets the mean value of q,
ite standard deviation and coefficient of variation. Plots of individual
year's points are illustrated in Figure 1, These shows

For the Arcto-Norwegian cod the yearly valuea of q for both UK and USSR
vessels ie remarkably consistent, though Figure 1A shows some differences
between the fleets over time. For UK vessels the variation with time is
simjlar in both major fisheries on this stock and neither relate very well
to the trend in tonnage of UK vessels (Figure 1D), which for these vessels
is usually taken as an indicator of fishing power. This lack of correlation
with tonnage indicates additional sources of variation in q.

Estimates of q for trawlers of the Federal Republic of Germany (FRG)
vary more widely than estimates for the UK and USSR because of a smaller
amount of fishing, with timing and fishery objectives which are rather more
variable. The estimated q per Norwegian fisherman at Lofoten has shown a
steady increase over time (Figure 1¢), but it is not clear how far this
might be caused by increased fishing power per man or biological change
(however, see below).

For Greenland (1A~1D), all est:mates of q show a coefficient of varia~
tion close to 50%, but this containe variation due to the increase in q in
recent years (Figure 24) which has been reported to ICNAF previously

(Schumacher 1970). Hitherto, the increasa in g has been attributed to

c1l4



=14 -

improved efficiency of trawler fleets concentrating activity at the most
advantageous season for fishing. It is therefore of considerable interest
that estimates of q for Portuguese dory vessels éhow the same trend
(Pigure 2B). Dory effort measurements exclude increases in fishing power
of the mother ship, and the stabllity of q for these same dory vessels
fishing at Newfoundland indicates that the trend in q at Greenland is not
caused by a trend in fishing power. The identical trend in all sets of

data could result from systematic overestimate of the total fishing
mortality, but the four-fold increase in q during the decade is too great

to be entirely accounted for in this way, and one can only conclude that
there has been a real change in the biological availability of the cod
stock at Greenland in recent years.

For Labrador (2G-3L), the trawler fleets of West Germany and USSR
(Figure 2C) are relatively recent entrants to this fishery compared to Spain
and Portugal (Figure 2D), and have other objectives besides cod. As a result,
thé coefficient of variation of the catchability for cod of the West German
and USSR fleets is considerably higher than that of Spain and Portugal.

There is no clear trend in q with time for all fleets and, as noted above,
it is interesting that there is no trend in q with respect to Portuguese
dories which could parsllel the increase at West Greenland referred to above.

The possibility of biological variation in q is taken further in
Figure 3 for those stocks which show evidence of trend in q with time. The
estimates of catchability coefficient are Plotted against estimated stock
size. Trend lines have been fitted by eye only because too little is known
to predict any form of relationghip between the variables, but it is evident

thav the relationship is inverse, ctitchability increasing as stock decreases.

3
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In Figure BA/B the data for Arcto-Norwegian cod cover a period of decrease
and recovery of stock size so that the relationship cannot be an entirely
gpurious effect of increased fishing power coinciding with a time series of
decrsasing stock size, Likewise, for West Greenland cod the correlation
between q for West German trawlers and q for Portuguese dories shown in
Figure 3C would suggeet that fishing power changes are not the source of
trend in q with respect to West German trawlers shown in Figure 3D.

There is therefore evidence that the catchability of demersal resources
is inversely proportional to stock size, Thieg has been suaspected to occur
in species with strong shoaling characteristics, e.g. 'pelagic! speciea, and
models have been described to show this must ocour if behaviour causes fish
to tend to an optimum density per u&it area, The effect could be expected
to be less pronounced in demersal resources, but if a smaller stock occupies
a smaller geographical area then a given level of fishing effort must
generate a higher fishing effort per unit area and catchability will appear
to increase,

Table 3 compares the variability of q resulting from different possible
measures of fishing effort used by fleets of the USSR and Spain fishing at
Labrador. The results indicete that hour fished gives the most precise
indication of the fishing mortality generated by the effort. It is interest-
ing to note that the coefficlient of variatlon of q associated with hours
fishing is broadly similar to the 20% level that was amsociated with British
vessels fishing at the north-east Arctic and at Iceland.

It is known that for some fisheries there are marked changes in catch-
ability with season. Table 4 shows the results of a series of analyses of
variance for various fleets and cod stocks. Each analysis shows a very

significant change in catchability between'quartera. A knowledge of seasonal
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change in oatchabiiity could of course be used to reduce the coefficient of
variation of catchability, but only at the expense of more complicated
definitions of fishing effort and therefore of any resulting effort quota,
tiven if this adjustment were made there would still be significant changes
in catchability on a Year-to~-year baeis as is indicated by the table which
records significant differences between years for most of the analyses.

Thus in brief it way be concluded that:
(1) Estimates of the catchability coefficient may contain a bias related to
the size of the stock in queétion.
(2) Por fleets known to fish specifically for cod and catching a large
Proportion of the total catch, the coefficient of variation of the catchabil-
ity coefficient is of the order 1 5~20% (95% confidence limits % 40%). The
coefficient of variation increases to the order 50% (95% confidence limits
x 100%) with reapect to fleets taking smaller 'asamples' on a more opporxtunistic
basis. This scale of variation combines the effects of variation in fishing
performance of a given effort unit with variation in biological availability,
The variation is therefore 8lightly greater than that recorded in Section 4
which, in effect, describes the variation that can be attributed to variation

in vessel performance alone,

6 SUMMARY

This paper congiders the effect of some of the errors in catch quotas and
effort quotas and derives approximate formulae to indicate the expected levels
of inaccuracy of eatch quotas and effort quotas relative to the inaccuracies
of the parameters that are used in the calculation of such regulations for
Specific stocks. Additionally, the problem of variation in catchability is

éxamined in depth, both variations in vessel rerformance and variation in the
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biology of stocks being considered, since both of these causes are relevant
to the accuracy with which an effort quota system could be established. From
this investigation and from the formulae for the errors in catch and effort
quotas it is apparent that while catch quotas are by their nature more subject
to error than effort quotas based on the best measures of effort available
they are nevertheless likely in many cases to give more accurate results than
effort quotas based on effort measurements chosen for their ease of enforce-

ment (days on ground etc.).
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ANNEX A
The derivation of equation 3.4,

From 3,2,

TR
C, =4, 7 exp(-2) ).
Using the cohort analysis approximation this becomes,

c. =4 (1~ e'F)e /2. A.1
a a

If A Ca’ AAa and A F represent small differencea in Ca.’ A and F respectively,

then from Taylor's theorem
Ac °‘(1-e_F)e /ZAA +42 e To /2AF. A.2
a a a8
Dividing by A.1 glves

Ac Aa -F
2~ = + 2 AF, A.3

For small F this is approximately equivalent to

AC, AF
o -3 _ o
AAa Aa. N F . A4
Since
Covariance (Ai, Aj) = a1l Falues & 44 AAJ A.5
and since
Var{(d-4A ) = L Covia,, A, .
(a-2.) isr j>r (2, 5 4.6
it follows that
o Var({
Var(A—A)=A2M+ b A"——-(—k@'l. AT
r F2 as>r & e 2
a
Var(f}&) .
If we assume —0—2— has a similar value for each age (a frequent objective
a
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of sampling schemes) then if we call the average value M)- it follows that

C2
VELJ:'(A-Ar) - Yar(F) = Var(c)
S F2 + 5 . A.B8
(A-Ar) 8 cC
The form of 3.4 where
(& ~ 4 )°
= 5 . A.9
T A
a>r &

D10
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ANNEX B

Examples of the use of the equations of Section 3.

Example I

Scotian Shelf cod

Halliday's (1972) description of this stock givea cohort analysis
eetimates of the fishing mortality on each age. If, as an example, it had
been intended to achieve a fishing mortality of 0.45 in 1970 (the appropriate
level to achieve the MSY) using a catch quota, then this would have to be
based on the catch at age data of 1969, Normally for this stock new recruits
form a negligible proportion of the exploitable biomass. On average, using
2.10, v = 0,006 and u = 0.994.

In 1969 6 = 5.056, which waa calculated using equation 4.9.

Var(C
2

c
(28%) in fully recruited fishing mortality which gives estimates 100 J@
c

(see Pope 1972). Halliday considers there was little vaxriation in F over the

can be estimated from the within-year coefficient of variation

period analysed and thus the between-year coefficient of variation in the

average fully recruited fishing mortality gives an estimater for 109J[EE§E:I.

Thus Y2E8E) _ 6 510
2
F
mégl 1 0.084-
c

Inserting these various values in equation 3.10 leads to an estimate of the
coefficient of variation (of the fishing mortality achieved by the catch quota)

of 27%.

Thus the fishing mortality in fact achieved (F) would most probably be

in the range .

0.22 <« ¥ < 0.67.
D11
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Alternatively, had an effort quota teen applied thie would have a
coefficient of variation of about 11% if the pame effort measure was used and
hence in this case the fishing mortality achieved would most pfobably be in
the range

0.35 < F < 0.55.
However, for the measures of effort more likely to be adopted for effort
regulations the coefficient of variation ie likely to be far greater, aince
it is unlikely that these measures would bear any great relationship to cod
fishing effort.

If it was the object of management to get a catch on effort quota on
this stock (stock composition as at 1969) so that the biomass of figh (B)
available for capture aged 4 and over was 144 metric tons 10_5, this would
be achieved by a catch quota of 49 matric tons 107 or an effort quota which
produced a fishing mortality of 0,45,

From equations 3.12, 3.13 the coefficient of variation of B would then
be about 27% when a catch quota was used and about 18% when an effort quota

wag used.

D12°
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Example II

Georges Bank herring

Considerable doubts have been expressed about the level of recruitment
to this stock in recent years and it is probable that the estimates of variance
given here are on the conservative side.

Formally, 3% year—old recruits do not form a large proportion of the total
stock but there is some doubt ms to whether the catch of % year-old fish
adequately predicts the catch of 4 year-olds in the following year. If it is
agssumed that it does, then

9 = 5-15.

f

Igzégl was estimated as 0.193, i.e. coefficient of variation = 4%,
c

!Eiégl was estimated as 0.011, i.e. coefficient of variation = 10%.
These lead to a variance ratio of 3506 for F= 0.48 when a catch quota is applied.
Therefore, the fishing mortality that would be achieved by the catch quota
would be in the range

0.14 < ¥ < 0.82.
For an effort quota the variance ratioc would be 25%. If alternatively days
fished with learning was used as the basis of an effort quote then

0.24 < ¥ < 0.72.

If it were aimed to set a ocatch or effort quota on this stock (stock
composition as at 1971) so that the biomass available to capture (B) in the
next year was 277 metric tons x 103 excluding 3 year—old recruits, with a

catch quota the variance ratio of B would be about 35%, while with an effort

quota it would be 25%.

D13
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Figure 2 Trends in the catchability coe‘fficient with time for various

national fleets fishing at West Greenland and at Labrador.
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Figure 3 The relationship between the catchability coefficient and the

biomase of the stock at the north-east Arctic and West Greenland.
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