
RESTRICTED 

INTERNA TlONAl COMMISSION FOR THE NORTHWEST ATLANTIC FISHERIES 

Serial No. 3074 
(D.o.9) 

ICNAF Res.Doc. 73/110 

ANNUAL MEETING - JUNE 1973 

A contribution to the dieouaBion of the effeote 
of error on the agtion ot oatol1 quota. and ettort quotas 

1 INTRODUCTION 

by 

J. G. Pope and D. J. Garrod 
Fillheriee Laboratory, Loweetoft, Sui"folk. 

MIm¥ of the oOJlllDeroially iIlportant fish etooks of the IC!UF area have 

g becOllle subjeot to oatch quotu. It has been further proposed by the USA that 
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in addition to these oatch quotas there should also be an overall restriotion 

on fiBhing effort in sub-areas 5 and 6 • 

The a1JII of eaoh of these mauagement sohemes is to attain the long-tem 
(Maximum Sustainable Yield), 

MSY I. or, in the case of one he=!ng stock, to maintain a epeoific stook 

level. In other oiroumstances the ~t objective might be to stabilize 

the fiBhing IIIOrtality at the level of the max'rm1lll eoonomio yield I to allow 

a depleted stock to reoover or to stabilize a new fishery at SOlll8 sate level 

pending further soientifio investigation. The management scheme appropriate 

"iii to e:n;y of these. aims, except po .. ibly the last, should be based on the best 
.~ 

~ 

-§ available scientific assesBlllent of the resource. Unfortunately, all 
c.. 

assessments of fishery resources are subjeot to sOllIe degree of error. The 

relative importance of the error is a funotion of the inherent variability of 

the speoies and the BIIIOunt of researolll and sllllqlling devoted to it but, beoause 

the errore exis1; all schemes of JIIaIUIBIament, in the IIhort tem at least, will 
I 

fail to sOllIe extent to aohieve their preciee objeotives. It is therefore 
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important to try to give eOlU idea of the likely ilIIpaot of aaaeeament errora 

on the sohemes of l118Wi&ement proposed for and in action on the fiehery 

resouroes of sub-areas 5 and 6 of the ICIIUF region. 

Assesements of ma.rJ;V' of the stooks of fieh in these areaa are as yet 

incomplete and the variability of the parameters oontributing to catch, 

fiehing effort and population eize is virtually unknown. Heo.ee&r11y,there­

fore, this paper oannot u .. tne the effeob of errors of ~ of the actual 

l118Wi&81Dent sohemes propoe.d and alre~ in action but it does attampt to 

provide a general framework to investigate the effects of asseaamant errors. 

This is in the hope that it w111 aesist the acknowledged sxperts for each 

speciee to gather some idea of the likely level of uncertainty aeeociated 

with a particular IIIIIDIIgBIII8nt echeme. In addition to the errors that result 

from inaccurate assesament of stocks, effort quotas w111, by their nature, be 

the subject of systematic and random errors in their applioation due to the 

variable perfomance of fiehing veesels on a yeax--to-year, or trip-to-trip,basis. 

2 SOlffiCES OF INACCURACY 

Errors in aesesaments ~ be classified into two types. The first type 

are biasses in sampling techniques and parameters, whioh tend to ilIIply 

objectives of l118Wi&81Dent that are inoorreot in themselves. The .econd type 

are random errors in sampling and estimatea of parameters. The.e, while 

less often resulting in the choioe of incorreot objectives, tend to make it 

impossible to achisve preoiaely a stated objective in a given year. 

2.1 Causee and effeot of biaeses 

Biasses in sampling soheme. and estimates of stock parameters are 

caused mostly by inadequate sampling but they oan also ariss ae a result of 

onoe-only assesament of partioular paraaet.... Thull, for example, the 
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natural mortality of a fiab .took is often e.timated by foDRinB a regre.sion 

of the yearly estimates of the total mortality acting on the stook against 

the yearly estimates of fiBbing effort deployed on the speoies. An 

extrapolation of the regression line to the point that oorresponds to zero 

fishing effort gives a value of total mortality that is an estimate of the 

natural mortality from the available data. In practioe, however, this IIIa;y 

well be too high or too low. Sinoe an error in ths estimate of the natural 

mortality of a stook will lead to an error in the sstimated fom of the 

yield ourve it IIIa;y well result in sohemes of ~ent whioh are designed 

to achieve an objeotive whioh is in fact inoorreot. This oan be illustrated 

very simply. Rallida¥ (1972) developed three ~ossible yield ourves for the 

Eastern Sootian Shelf ood stook oomplex. These three yield ourves were 

oaloulated under the alternative assumptions that M,the natural mortality ,was I 

0.1, 0.2 and 0.3, the oorresponding fishing mortalities assooiated with MSY 

are 0.3, 0.4 and 0.6 respeotively. If it was assumed that M was 0.2 then, 

if the aim of lIIB.D8gement was to achieve the Maximum Sustainable Yield (MSY), 

the management objeotive would be to achieve a fishing mortality (F) 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 whioh, beoause when M = 0.1, FMSy = 0.3, 

would be 6~ higher than the desired objective. If, alternatively, the trus 

value of M was 0.3 then the level of fishing whioh would produoe an apparent 

fishing mortality of 0.4 relative to the assumption that M was 0.2 would in 

fact produoe a true fishing mortality of approrlmately 0.3; this true fishing 

mortali ty would be about 50% too small to achieve the MSY, whioh for an M of 

0.3 ocours at a fishing mortality of approximately 0.6 (a bias in M produces 

an approximatsly equal but opposite bias in fishing mortality as calculated 

by Virtual Population Analysis; see Agger dt.!!:!.. 1971). Thus erroneous 
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assumptions about natural mortality can generate srrors in the objective.' of 

fisheries management. 

Similar errors might wsll be introduoed by biasses in sampling schemes. 

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 assessments of fisheries which 

suggested management objectives which differed substantially from the true 

optimum management schems. The effects of biasses in sampling schemes cannot 

bs overcome without drastic improvement in the data base of assessment work 

and they underline the plea for moxa and better sampling effort made by the 

ICNAF Statistician. 

2.2 Causes of random errors end their effect. on 
mansgament objective. 

Random errors in sampling methods and estimates of stock parameters 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 characteristics. 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 parameters mq vary about their mean value from 

year to year in an apparently random fashion. An example of the random 

variation of a parameter mq often be observed in the catchability 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 op~ level. While it has been 
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shown by Pops (1972) and by Garrod (1973) that fluctuations about an optimum 

do not inevitably lead to a smaller average yield, large fluotuations might 

be embarrassing in that they oould lead to periodic shortages and oould 

conceivably do permanent damage to stocks by impairing their ability to pro-

duce adequate numbers of reoruite. This might oonoeivably be the cass for a 

stock with a stssply parabolio stock-recruitmsnt relationship as for example 

the curve developed by HerrinBton (1946) for the Georges Bank haddock stook. 

Thus, random variations are oaused in sstimates of paramsters and esti-

mates of stock by both ths lack of pWOision of sampling regimee and by ths 

natural variability of soms parameters. 

3 ERRORS IN CATCH Q.UOTAS AND EFFORT Q.UOTAS 

Biasses are by their nature diffioul t to establish sin6,3 they are often 
, 

the result of inoomplete data. To eorae extent they ma.Y be st\died by 
\ 
\ 

considering &lteI.'!lative posaibilities and choosing courses of .ction that 

minimize any risk. 

Random errors are more amenable to analysis but the error 0< aponents 

depend on the frequency of adjustment of the management regime. '\stoh quotas, 

as currently envisaged, necessitate annual adjustment wi th referen~~ to an 

estimate of the existing stook level. Effort quotas ma.Y be adjusteQj&nnually, 

in which case they will be influenced by errors in estimates of the \~ference 
\ 

stock. Alternatively, effort quotas 1lJIJ;:f be set to approximate MBY ov(\ a 

longer period. \ 
\ 
I, 

Basically errors in catch quotas result from errors in estimates 01\the 

population size at the beginning of the year in question. Incorrect esti\ates 
\ 

of weight at age and selection at age ma.Y also cause random errors but the\3 

effects are usually smaller than the effec~ of errors in population estimat\~. 
\ 
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If Ca is the veight of oatoh of fish aged (a) from a stook vith Pa fish 

of that 

is Wa , 

age, vhose seleotion to the fisher,y is defined by Sa' and vhose veight 
then 

Ca = Pa M S::a F (1 - axp {-(Sa F + M)} )Wa • 3.1 
This ~ be simplified if Sa oan be regarded as the proportion of the popula-
tion (Pa ), available to oapture ae opposed to the proportion of the (fully 
reoruited fish) fishing mortality (F) that acts on the age group. 

Then 

vhere Aa = Pa Sa Wa ~ be oalled the explOitable biomass of fish aged a and 
A, the sum of all the Aa's, ~ be called the total exploitable biomass. The 
catch quota (Q) that vill cause a certain fishing mortality (F) on the stock 
is given approximately by 

In practice the Aa can be separated into three components. If r is the age 

of first capture, fish for vhioh a < r are young unexploite4 fish for vhich 
A = O. Fish for vhich a = r are the reoruit. of the year, and the value of a 

Ar cannot be determined from the results of previous years' catch and effort 
data. Fish for vhich a> r are fish exploited in previous years. 

A ~ be estimated in some caees by young fish surveys. In other caees, r 

it ~ not be knovn and for the purpose of setting catoh quotas the average 
valus of A ~ have to be ussd or the value of A predicted by a stook-r r 
recruitment relationship. Clearly this oan lead to large errors in the catoh 
quota if A is a large proportion of A and if the year-to-year variation in r 

recruitment to the stock is large. 

Where a > r the A • s ~ be estimated in tvo main va;ys. The first of a 

these is to use estimates of the catc,h at age 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 available biomass (A) as a re~t 

of errors in the estimates of the numbers oaught at each B&8 in the previous 

year and the selectivity in the prevIous year. The error in selectivity is 

often small oompared to errors in the other estimates and will be ignored for 

the purposes of this investigation in the interests of simplicity. If it 

can be assumed that the numbers caugbt at age have a fairly constant 

coefficient of variation (this is oft.en the objective of sampling schamas) 

then the errors in the estimate of fishing mortality and catch will induce 

errors in 1': A (the biomass of fish B&8d greater than the B&8 of first 
a" r a 

capture. i.e. A-A) such that. 
r 

var(A-A
r

) = (A-A
r
)2 (V?tl) + (Ae~)2 (V~~C)) 3.4 

Var{C) 
where 2 is the average value of this ratio for all ages. The derivation 

C 
of this fonuula is shown in the mathematical annex. a in the fonuula is a 

factor depending on the growth and mortality of the stock and the variability 

of its reorui tment. whioh is also explained in the annex. 

Since A and A. - A are statistically independent. r r 

Since from 3.3. 

which may be simplified to 
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Var(,,) = Var(A>(1 - e~(_F))2. exp(-M) , 

using the basio assumption of oohort analysis (Pope 1972). 

The error in the oatoh quota oauses an error in the value of j generated on 

the actual populations. This is given approximately by 

or using formulae 3.7 and 3.5 

Let 
A-Ax 

A =u 
Ax T = V. 

Then approximately 

Var(F) .. 2F{ 2(.Var(F) :\Tar(c)) 2 Var(Ax) } 
~? e u\:_2 + 2 +v 2· 
r r ca Ar 

Thus if' were the level of fishing mortality assooiated with MSY, 3.10 gives 

the error assooiated with oatch quat.lI.. By WSJ of oomparison the varianoe of 

fishing mortality (F), that would be ,!I.ohieved by an effort quota, is given by: 

• 
Var(F) = Var(g) 
~ q2 

3.11 

where q was the oatohability assooiated with the effort measure adopted in the 

quota. If this measure of effort was the .sma as that whioh was used to 

estimate the level of fishing I8Ortal1ty in the previous year in the estima­

tion of the oatoh quota (presumably the bsst availabla measure) then: 

Var(g) _ Var(F) 
2 - 2 

q F 

In this oase it iB likely that an effort quota would be more acourate than a 

catch quota. If however the ettort quota were based on Bome measure of 
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effort whioh related le •• well to the fishing mortality of the .took in ques-

tion,either tb.rough choioe of unit or its generalization over a DUIIIber of 

stocks, then the oatoh quota migbt well be the more acourate.For example, 

for a ood stook the best estimate of fishing effort migbt be Spanish trawler 

hours fishing specifically for ood, which migbt relate quite well to the 

fishing mortality, while overall dqs on ground for all spsoies migbt hardly 

relate to the fishing mortality on cod at all. 

Equations 3.10 and 3.11 relate to the oase where the object of stook 

management is to generate some specific level of F (e.g. MSY). When the 

objective of lIIallagement is the maint;enance of some specific level of stook 

biomass B in the following year then if a catoh quota is used a variance will 
A 

be induced in B so that where F is t.he fishing mortali ty of the ourrent year, 

Var(B) ~ 2F { 2 Var(Aa) 2 
2 e u 2 oj-v 

B As 
( Var(F) Var(o»)} 

_2 + 2 • 
r eo 

When an effort quota is used 

+ 2(Var(F) Var(o») Var(q) FA2 
v 2+ 2 + 2· 

F eo q 

This tends to mean that in an annually adjusted regime, such as ;l.s neoessary 

to maintain a specified stook 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 iB the expression for the variance of A - Ar when it is 

estimated from the previous year's catch and effort data. If the estimate of 

A - A was based on groundfish surveys the variance of this estimate should be 
r 

substituted for 3.4. The likely precision of estimates of available biomass 
• 
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are given by Groeslein (1971) and by Jones and Pope (1972). Methods of 

estimating the various variances are shown in the examples of Appendix B. 

4 THE V!RIABILITY OF }'ISHING VESSl:!!L l'Jilll!'ORMANCE 
IN RELATION TO CATCH AND EFFORT QUOTAS 

If effort quotas are Bet eith~r wrth or without catch quotas then the 

need to allocate the quota between countries will require a knowledge of the 

relative performance of the fleets from the various countries. Similarly, 

each country would have to assess the relative performance of the individual 

vessels that it intended to allow to use the national quota. 

The relative performance of a particular vessel is a quantity that varies 

to some extent from year to year and therefore 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 vesssl performance 

would be a problem to any country trying to meet a fishing effort quota. In 

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 1969-,{1. 'l'he analysis consists of an examina-

tion of the variation of catch per effort of individual vessels from the tonnage 

group mean for each year and an exam.ination of the averatie variation of each 

vessel's catch per effort between years. 

Catch per da3 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, Le. the averatie catoh per unit effort 

taken over the whole year should be the same for "qui valent skipper-vessel 

combinations. In the British statistics skippers are not reoorded and as a 
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first approximation the tonnage of the trawler is taken as a charactsristic 

that might be related to the skipper-trawlsr oombination (see Gulland 1956). 

Seasonality he.s not been analysed as such but it ~ be reflected to soms sxtsnt 

in the analyses of the nUlllber o£ ds,ys spent in the area during the year; trawlers 

which only oooasionally visit an area are more likely to do so at the most 

favourable seasons. 

Tables 1A and B summarize the relative performanoe of trawlers in 

different tonnage categories fishing at Iceland and in the north-east Arctio, 

performanoe beiDg expressed as the deviation from the mean performance of all 

vessels in each area. Ths oatch 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 J.s 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 vesssls fishing Iceland is 25-3~; the dispsrsion is 

greater than in the north-east Arctic: because of the wider range of vessel 

operations there. Within each to~~ grouping the between-trawler deviation 

is stable at ± 2~. 

The alternative analysis at Table 1C summarizes the within-ship varia­

tion over the three years (i.e. the deviation 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 a weak: trend of 

above-average performance with shorte.r periods, but this could easily be an 

artefact of the statistios or a reflection of improvement due to fishing 

tactics which select for season. ThE' perictd groupings show standard deviation 
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of individual vessel perfonnance decreaBl.ng from 20 to 10% as the period 

increases. The similarity between this figure and the between-trawler per­

fonnance indicates that the identity of the vessel has very little connection 

with the annual fishing perfonnance ~ld eaoh year's fishing might be con­

sidered as though it were carried out by a different boat. 

The trend in variation with fiBhing time haB a bearing on the 

within-oountry allooation of an effort quota. At an extreme, if one vessel 

used all the quota during a year (S.Il. 11%) over the years 9~ of the 

annual oatohes would bB at most t 2'ffi, of what was predioted on the basie of 

average stook and average performanc~. If the same effort quota were divided 

amongst a number of vessels, each wil~ a ahorter 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 VARIATION IN THE CATCHABILITY COBF~ICIENT 

The formulation of potential errors set out in Section ) defines the 

importanoe of variations in the oatcl~bility ooefficient in relation to 

regulation of fishing effort. Th~se variations spring from variation in 

the fishing perfonnanoe of vessels &lld biologioal variation in the availability 

of the stook. Section 4 examined variation in the fishing performance of UK 

vessels as it might affect the allocation of oatch and effort quotas. This 

seotion examines variation in the oatchability coefficient itself. 

Virtual population estimates of fishing mortality (F) on fully recruited 

age groups have been taken from ICES and ICNAF publications and each mortality 

allooated to oomponent fishing fleet'3 according to the ratio of the fleet 

oatch to the total international oateh. The estimated fishing mortality per 

fleet has then been related to the v300rde~ fishing activity of that fleet 
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to provide an estimate of the catohability ooefficient (F/f = q), where both 

F and f have been measured independently. Strictly, the partitioned values 

of fishing mortality are not instantaneous ooefficients but they ma;y be used 

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

annual quota. 

Table 2 sets out for various fisheries and fleets the mean value of q, 

1 ts standard deviation and ooefficiE,nt of variation. Plots of individual 

year's points are illustrated in Figure 1. These showl 

For the Areto-Norwegian cod the yearly values of q for both UK and USSR 

vessels is remarkably oonsistent, though Figure 1A shows some diffsrenoes 

between the fleets over time. For UK vessels the variation with time is 

similar in both major fisheriss on this stock and neither relate very well 

to the trend in tonnage of UK vessels (Figure 1D), whioh 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) 

var,y 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 

stsady increase over time (Figure 1G), but it is not clear how far this 

might be caused by increased fillhini; power per man or biological change 

(however, see below). 

For Greenland (1A-1D), all est:utss of q sllow a coefficient of varia­

tion close to 50%, but this oontains variation due to the increase in q in 

recent years (Figure 2A) whioh has been reported to ICNAF previously 

(Schumacher 1910). Hitherto, the inorease in q has been attributed to 
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improved efficiency of trawler fleets concentrating activity at the most 

advanta,g-eoUB season for fishing. It is therefore of considerable interest 

that estimates of q for Portuguese dory vessels show the same trend 

U'igure 2:6). Dory effort measurements exolude inoreases in fishing power 

of the mother ship, and the stability of q for theee eame dory vessels 

fishing at !,ewfo\Uldland indioates t.:lRt the trend in q at Greenland is not 

oaused by a trend in fishing power. The identioal trend in all sets of 

data oould result from systematio o',ereetimate of the total fishing 

mortality, but the four-fold increase in q during the deoade is too great 

to be entirely acoounted for in this way, and 0118 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 elltrants to this fishery compared to Spain 

and Portugal (Figure 2D), and have other objectives besides cod. As a result, 

the 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 parallel the inc~ase at West Greenland referred to above. 

The possibility of biological 'rariation 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 a,g-ainst estimated stock 

size. Trend lines have been fitted by eye only because too little is known 

to predict any fonn of relationship between the variables, but it is evident 

tha" the relationship is inv6rse, cl>tchability increasing as stock decreases. 
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In Figure )AlB the data for Areto-Norwegian ood oover a period of deorease 

and reoovery of stook size so that the relationship oannot be an entirely 

spurious effeot of inoreased fishing power ooinoiding with a time series of 

deoreasing stook size. Likewise, for West Greenland ood the oorrelation 

between q for West German trawlers and q for Portuguese dories shown in 

Figure 3C would suggest that fishing power ohanges are not the source of 

trend in q with respeot to West German trawlers shown in Figure 3D. 

There is therefore evidenoe that the oatohability of demersal resources 

is inversely proportional to stook s.Lze. This has been suspeoted to ooour 

in species with strong shoaling oharacteristios, e.g. 'pelagio' speoies, and 

models have been desoribed to show this must ooour if behaviour oauses fish 

to tend to an optimum density per ~t area. The effeot oould be expeoted 

to be lees pronounced in d_rsal rellources, but if a smaller stock oooupies 

a smaller geographioal area then a gtven level of fiahing effort must 

generate a higher fishing effort per un! t area and oatohability will appear 

to inorease. 

Table 3 oompares 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 indioate that hour fished gives the most preoise 

indioation of the fishing mortality generated by the effort. It is interest-

ing to note that the ooeffioient of variation of q assooiated with hours 

fishing is broadly similar to the 20% level that was assooiated with British 

vessels fishing at the north-east Arctio and at Ioeland. 

It is known that for some fisheries there are marked ohanges in oatoh-

ability with season. T~ble 4 shows the results of a series of analyses of 

variance for various fleets and cod stocks. Each analysis shows a very 

I 
significant change in catchability between quarters. A knowledge of seasonal 
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ohange in oatohabillty oould of oourse be used to reduoe the ooeffioient of 

variation of oatohability, but only at the expense of more oomplioated 

definitions of fishing effort and ,herefore of any resulting effort quota. 

];'ven if this adjustment ",ere made 1;here ",ould still be signifioant ohanges 

in oatchabili ty on a year-to-year basis as is indicated by the table "'hich 

records signifioant differences be1;",een years for most of the analyses. 

Thus in brief it ma,y be ooncluded that: 

(1) Estimates of the oatohability ooefficient ma,y oontain a bias related to 
the size of the stock in question. 

(2) For fleets knOlo/ll to fish specifioally for cod and catohing a large 
proportion of the total catoh, the ooeffioient of variation of the catohabil-

ity coefficient is of the order 15-2~ (9~ oonfidence limits ± 4~). The 

coefficient of variation increases to the order 5~ (9~ confidence limits 

± 10~) with respeot to fleets ta.lt1.ng smaller 'samples' on a more opportunistic 

basis. This scale of variation oocbines the effects of variation in fishing 
performance of a given effort unit ",ith variation in biological availability. 

The variation is therefore slightly greater than that recorded in Section 4 

",hich, in effect, describes the variation that can be attributed to variation 
in vessel performance alone. 

6 SUMMARY 

This paper considers the effect of some of the errors in oatch quotas and 
effort quotas and derives appl~ximate formulae to indicate the expected levels 
of inaccuraoy of catch quotas and e.ffort quotas relative to the inacouraciee 

of the parameters that are used in the calculation of such regulations for 

speoific stocks. Additionally, the problem of variation in catchability is 

examined in depth, both variations l.n vessel performanoe and variation in the 

03 
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biology of stocks being considered, sinoe 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 (~s on ground etc.). 
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ANNEX A 

The derivation of equation 3.4. 

From 3.2, 

G = A !(1 - exp(-z)\. a a Z ') 

Using the cohort analysis approximatton this becomes, 

F -M'/2 
G = A (1 - e-)e • a a A.1 

If Il G t Il A and Il F represent small differences in Ga , A and F respectively, a a a 

then from T~lor'B theorem 

F -M'/2 -F -M'/2 
flG ""(1-e-)e AA +A e e AF. a a a 

Dividing by A.1 gives 

For small F this is approximately eq,Livalent to 

{
Il Ga A F } 

IlA ~A ---. a a Ca F 

Since 

and since 

Var(A - A ) = E GoV(A;, AJo) 
r i> r j > r -

it follows that 

var(A-A
r

) = A2 Var~F} + E 
r a>r 

2 Var(Ca) 
~ 

a C 2 
a 

A.2 

A.5 

A.6 

If we assume 
Var(Ca ) 

G 2 
has a similar value far each age (a frequent objective 

a 

09 
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of sampling schemes) then if we call the average value Var(C) it follows that 
C2 

The form of 3.4 where 

+ Var(C) 

9 C2 

010 

A.8 

A.9 
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ANNEX B 

Examples of the use of the equations ()f Section 3. 

Example I 

Scotian Shelf cod 

Halliday's (1912) description of this stook gives cohort analysis 

estimates of ths fishing mortality on each age. If, as an sxample, it had 

been intended to achieve a fishing mortality of 0.45 in 1910 (the appropriate 

level to achievs the MSY) using a catch quota, then this would have to bs 

bassd on the catch at age data of 1969. Nozma1ly for this stock new recruits 

form a negligibls proportion of the s.x:ploitable biomass. On average, using 

3.10, v = 0.006 and u = 0.994. 

In 19698 = 5.056, which was caloulated using equation A.9. 

var~c) can be estimated from the within-year coefficient of variation 

C. .~ 
(28%) in fully recruited fishing mortality which gives estimates lOOJ T 
(see Pope 1912). Halliday considers there was little variation in F over the 

= 0.012 

0.084. 

Inserting these various valuss in equ.ation 3.10 leads to an estimate of the 

coefficient of variation (of the fishing mortality achieved by the catch quota) 

of 21'}b. 

Thus the fishing mortality 1n fa.ct achieved (F) would most probably be 

in the range 

A 

0.22 < F < 0.61. 
011 



- 25 -

Alternatively, had an effort quota eeen applied this would have a 

coefficient of variation of about 11% if the same effort measure was used and 
hence in this case the fishing mortality achieved would most probably be in 
the range 

4 

0.35 < F < 0.55. 

However, for the measures of effort more likely to bs adopted for effort 

regulations the coefficient of variation is likely to be far greater, since 
it is unlikely that theee 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 fish (B) 

available for capture aged 4 and over was 144 metric tons 10-3, this would 
be achieved by a catch quota of 49 matric tons 10-3 or an effort quota which 
produced a fishing mortality of 0.45. 

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

012 • 
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Example II 

Georges Bank herring 

Considerable doubts have been expressed about the level o£ 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 as to whether ths catch of 3 year-old fish 

adequately predicts the catch of 4 year-olds in the following year. If it is 

assumed that it does, then 

6 = 5.15. 

Var(C) was estimated as 0.193, i.e. coefficient of variation = 4~, 
C2 

Var(F) 
F2 

was estimated as 0.011, i.s. coefficient of variation = 10%. 

These lead to a variance ratio of 3~ 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 < t> < 0.82. 

For an effort quota the variance ratio would be 2~. If alternatively da¥s 

fished with learning was used as the basis of an effort quota then 
A 

0.24 < F < 0.72. 

If it were aimed to set a oatch 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 ][ 103 excluding 3 year-old recruits, with a 

catch quota the variance ratio of B would be about 3~, while with an effort 

quota it would be 25%. 

013 
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Figure 3 The relationship between the catchability coefficient and the 

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