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Abstract

The methods, described in CCAMLR Conservation Measures, used for
deciding the closure date for fisheries monitored by the Secretariat of
CCAMLR, have been difficult to implement because of the variation in
catch rates shown by the fisheries. Non-fluctuating random and
fluctuating random catch histories are simulated and the performance of
four models for making closure decisions is investigated under a variety
of circumstances,

The model described in the existing conservation measures is shown to
have a high probability of allowing large over- or under-shoots of the
TAC. The most successful model determines the trend of catch rates
using linear regression over the latest four reporting periods, and closes
the fishery if these rates indicate that the TAC will be taken before the
next report is received by the Secretariat. The probability of large
over-shoots of the TAC is reduced if reporting periods are small (five
days) and the reporting delay is minimal.

It is recommended that in future conservation measures, methodologies
for deciding the date of closure of fisheries should incorporate a

formulation of Model 4, given in this paper.

Résumé

Les méthodes décrites dans les mesures de conservation de la CCAMLR,
servant & déterminer la date de fermeture des pécheries controlées par le
secrétariat de la CCAMLR, sont difficiles & appliquer en raison de la
variation des taux de captures des pécheries. L'historique des captures
aléatoires fluctuantes et non fluctuantes sont simulées et la performance
de quatre modeles de décision de fermeture soumis a des conditions
diverses est examinée.

Avec le modele décrit dans les mesures de conservation en vigueur, le
taux de capture a toutes les chances d'étre bien en-dessous ou bien
au-dessus du TAC. Le meilleur modele détermine la tendance des taux
de captures par une régression linéaire effectuée sur les quatre derniéres
périodes de déclaration; il ferme la péche si ces taux indiquent que le
TAC sera atteint avant que la prochaine déclaration ne parvienne au
secrétariat. La probabilité d'un dépassement important du TAC est
réduite lorsque les périodes sont courtes (cing jours) et le délai de
déclaration minime.

Il est recommandé, pour les prochaines mesures de conservation,
d'inclure la description du Modele 4 donnée dans cette communication
dans toute méthodologie relative a la décision d'une date de fermeture
des pécheries.

*
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PeswoMe

B cBsa3uM ¢ KoJjebaHUSIMU YJIOBOB B TNEPHOA INpoOMbIcJia, B
NMPOMWJIOM 6b1JIO CJIOXHO UCHNOJIb30BATb METOA pPacueTa CPOKOB
33KPBITHSI  Te€X IIPOMBICJIOB, KOTOpbI€ = KOHTPOJIMPYIOTCs
CekpeTapHuaToMm AHTKOMa, 3TH MeTon OMUCaH B
COOTBETCTBYIIMUX MepaxX MO coxpaHeHUw, CPopMyaHpOBaHbI
MOJAeJIM, OINUCHIBAIIHE CAYUAHHO TIeHEepUpOBaHHbIE CEepHH
yJIOBOB C KoJie6aHUSSIMU W 6e3 KoJjebaHuil, HayueHa
3¢ PeKTUBHOCTb UEeThipeX MoAeJiel IMPUHATUS pelleHH O 3a-
KPbITUH TPOMBICJIA B 3aBUCHMOCTH OT Pa3HblX O6CTOATE/LCTB.

MokaszaHO, uUTO onucaHHasi B CYHECTBYWOIHWX Mepax [o
COXpaHEHHUI MOZIeJIb UMEEeT BhICOKYI0 BEPOSITHOCTDb NOJIyUEeHUs
6ONbWIMX TMPEBbIEHUI WAM HeJonoJsydeHud TAC. Camas
sa¢pPexTHBHAST MoJe b onpeAesieT TeHASHUHWKWw U3IMEHEHUs B
pasMepax BblIJIOBA C UCNOJIb3OBAHUEM JIMHEHHOM perpeccuu 3a
nocJieAHWEe UeTbipe OTUETHbIE NMEePUObl U 3aKPBIBET NMPOMBbICEJ
‘B TOM CJlyuae, eCJd UHTEHCHUBHOCTb BbIJIOBA YKa3bIBAET Ha
AocTuxeHue TAC A0 mnocTynJjeHusl cJjejywllero oTueTa B
CekperapuaT. BeposiTHOCTb 60JbMUX npeBbilieHUN TAC
MéeHbIlle, €CJM OTUETHbIE NEPHUOAbl KOPOTKH (MATb AHEN) U
NMPOMEXYTOK BpEMEHU 10 NoJyueHUust oTueTa MUHUMAJIEH.

PexoMeHayeTCs, UTO B JaJibHEHIMUX Mepax 10 coXpPaHEHUI
MeToJbl NPHHSTUA pEemleHUl O CpPOKaxX 3aKpbITHUs IPOMbICJA
AOJIXKHBI  BKJAWUUTL B cebsl  Kakywo-aubo ¢GopMyJUpOBKY
Mogeau 4, npureieHHOMN B HacTodAl el padore,

Resumen

Los métodos contemplados en las medidas de conservacién de la
CCRVMA y que han sido utilizados para decidir el cierre de las
pesquerias controladas por la Secretarfa de esta organizacion, han sido
dificiles de llevar a la practica debido a la variacién en los indices de
captura experimentada por la pesqueria. Se simulan las capturas
histdricas aleatorias fluctuantes e invariables y se prueba la aplicacién de
cuatro modelos para decidir el cierre de las pesquerias bajo diversas
condiciones. Se ha constatado que el modelo descrito en las medidas de
conservacion actuales tiene una alta probabilidad de permitir excesos y
déficit significativos con respecto al TAC. El modelo mds exitoso
determina la tendencia de los indices de captura mediante una regresion
lineal de los tltimos cuatro periodos y determina el cierre de la pesqueria
cuando estos indices indican que el TAC serd alcanzado antes de que la
Secretaria reciba el préximo informe. La probabilidad de que se exceda
el TAC de manera considerable se ve reducida si los perfodos de
notificacion son cortos (cinco difas) y el tiempo entre notificaciones es
minimo.

Se recomienda que en las futuras medidas de conservacién, la
formulacién del Modelo 4 (presentado en el documento) sea
incorporado en los métodos para decidir la fecha de cierre de las
pesquerias.




1. INTRODUCTION

CCAMLR manages fisheries in its Convention Area! by a number of traditional means
(mesh size regulation, closed areas, Total Allowable Catches (TAC) etc.). At present CCAMLR
has no rationally managed quota system for ensuring TAC control on the fisheries. Instead,
TACs are administered by the CCAMLR Secretariat. Reports of catches are made to the
Secretariat by all countries engaged in a specific fishery, and the Secretariat determines when the
TAC has been taken.

There have now been two seasons for which the Secretariat has had to implement a
closure of fisheries regulated by catch limits in Subarea 48.3. The history of these fisheries is
described in CCAMLR (1990 and 1991).

TAC conservation measures set at CCAMLR-VIII and CCAMLR-IX specified that:

. catches should be reported to the Secretariat by 5-day reporting period, reports
falling due at the end of the period following that in which catches are taken;

. the Secretariat should calculate the date of closure of the fishery using the catch
rate from the most recent reporting period; and

. when the cumulative catch is 90% (Conservation Measure 17/VIII) or 80%
(Conservation Measure 25/1X) of the TAC the Executive Secretary shall notify
Members that the fishery will be closed from the date shown by his calculations to
be that on which the TAC will have been taken.

The central problem in all closure methods is that it is not possible to close the fishery at
exactly the same time that the TAC is reached because of the time delay between catches being
reported to Member countries, those catches being reported to the Secretariat, and any
notification of a closure decision being transmitted from the Secretariat to fishermen via their
nlational management bodies. This means that the Secretariat must attempt to predict dates of
closure.

The types of predictive method outlined in conservation measures to date rely upon
fishing effort being constant and having low variance. In the case of the Champsocephalus
gunnari fishery in 1989/90 and the Dissostichus eleginoides fishery in 1990/91, this method
was inadequate for predicting the correct date of closure of the fishery. Contributing factors to
this failure were:

. the variation of catch rates was quite high (coefficient of variation 0.2 to 0.3);

. the catch rates were high in the C. gunnari fishery in 1989/90 (about 1% of the
TAC per day) and very low in the D. eleginoides fishery in 1990/91 (0.05 to 0.5%
of the TAC per day); and

. catch rates sometimes varied in an almost cyclic way, by a factor of 10 or more.
The catch history for the 1991 D. eleginoides fishery is shown in Figure 1.

As a result of these factors, catches were greater than the TAC in 1990 by 1% and the
method was found to be unworkable in 1991. In this latter year, a second method was
developed (Model 2 in this paper) that resulted in catches being 4.3% less than the TAC.

This paper describes a simulation model constructed in order to investigate further the
performance of various methods of arriving at a closure decision and to develop methods with a
higher performance than those presently in use.

1 Except in the French EEZ around Kerguelen which is managed by France.
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2. MODEL PARAMETERISATION
The model was constructed so that it would reflect the progress of a real fishery as much

as possible. Whilst the fishery was modelled on a daily basis, the only information available to
the Secretariat was assumed to be the catch for a single reporting period.

2.1 Catch Rates

Catch histories for fisheries were modelled on a daily basis in order to allow different
reporting periods to be tested. All catches were expressed as proportions of a TAC.

Two models were used:

« Type I catch - random catch rates

C=c+S,p

where C is the catch rate for one day, ¢ = mean catch, S, = standard deviation (derived from the
coefficient of variation cv.), and p is a normally distributed random deviate; and

« Type II catch - regularly changing catch rates, modelled by a sine function overlaid
with a variance that is proportional to catch rate '

C=c+o-c, sin (8)+8-S,-p
where o is the amplitude of the sin wave, 0 is the position of the sinusoidal cycle at time ¢
computed from the equation 8 = 6,+ n/ A (¢ is time in days, A = period of sin wave in days, 9, =
start position, randomly determined), and 8 is an adjustment of the variance that is proportional
to C.

An example of a simulated Type II catch is given in Figure 2 and can be compared with
the catch history of the D. eleginoides fishery in 1991 (Figure 1).
2.2 Catch Reporting

The date that a catch report arrives at the Secretariat was modelled by:
D=P+d+s;-p

where D is the total time from the end of a reporting period to the arrival of the report at the

Secretariat in days, P = length of the reporting period in days, d = mean delay, s = standard
deviation and p is a normally distributed random deviate.

Unless other values are mentioned in the text, the following values should be assumed
for the simulation runs:



P=5

¢ = 0.005, 0.01, 0.02

(reporting period in 1990 and 1991 was 5-days)

(0.5%, 1%, 2% of TAC per day; similar to mean rates for
D. eleginoides in 1991 (see Figure 2) and C. gunnari in

(coefficient of variation, slightly lower than CV of catch by
period in 1989/90; see discussion under ‘results’)
(mean reporting delay in 1990/91)

(coefficient of variation of reporting day in 1990/91)
(amplitude of cycles in 1990/91 is approximately 0.5)

(period of cycles in 1990/91 is about 80 days)
(limit for decision in Model 1 as given in Conservation

1990 respectively)
Ve =0.2
d=35
Va =0.5
a=0.5
A =80
L=0.38
Measure 25/1X)
23  Decision Making Models (DMM)

Four decision making models were tested:

Decision to Close Fishery

Rate Determined By

Closure Effective From

1. Percentage model: this
is the model described
in the existing
conservation measures

If cumulative catch is
greater than a specified
level L

Catch rate of most recent
period

The end of the reporting
period within which the
predicted date? of TAC
completion falls

2. Time delay: used as an
ad hoc method by the
Secretariat in 1990/91

If predicted date falls in
the period immediately
following the period in
which the report was
received, or sooner

Catch rate of most recent
period

The end of the reporting
period within which the
predicted date falls, or the
end of the period in
which the report was
received, whichever is
later

3. Time delay: Modified 1

If predicted date falls
before the next report is
expected (taking into
account the reporting
delay and its variance)

Catch rate of most recent
period

The predicted date, or the
date that the report was
received, whichever is
later

4. Time delay: Modified 2

If predicted date falls
before the next report is
expected (taking into
account the reporting
delay and its variance)

Catch rate is predicted
using the trend of catch
rates from the last n
reporting periods (a linear
regression is performed)

The predicted date, or the
date that the report was
received, whichever is
later

The Fortran code for these decision models is given in Appendix A.

24 Performance

The performance of DMMs was assessed by monitoring the final catch that would be
taken by the time of the decided closure of the fishery and comparing this to the TAC. An
example of a frequency distribution of these differences (“over-shoot”) is given in Figure 3.
Differences between the observed catch and the TAC were characterised by the mean and

2 Predicted date means the date on which predictions show that the TAC is expected to be taken. It is
calculated using the catch rate determined by the previous box and the quantity of TAC that remains to be
caught. The predicted date is always rounded down, so that a predicted date of 145.56 days becomes
145 days.
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standard deviation of the magnitude of the over-shoot, the proportion of runs that produced a
catch greater than the TAC, i.e., greater than the TAC+5% and greater than the TAC+10%, and
were calculated from 20 x 400 iterations of the simulation.

Mean over-shoot was almost always positive, and in many cases the frequency histogram
of over-shoot values was quite heavily skewed (Figure 3). Over-shoots rather than under-shoots
were considered as performance indicators because they are potentially more damaging to the
fish stocks. The chances of similar magnitudes of under-shoot were almost always lower than
for the over-shoots because of the skewed nature of the distributions.

3. RESULTS

All models were highly sensitive to catch rates as a proportion of TAC (¢), to the length
of the reporting period (P), and to the length of the reporting delay ().

In general the mean over-shoot and its standard deviation increased with increasing catch
rate. However, Model 1 showed local minima of the probability of significant over-shoot that

occurred at different values of L for different levels of ¢ (Figure 4). Best performance was

attained with L = 0.9 if ¢ was 0.005, L = 0.8 if ¢ = 0.1 and L. = 0.6 if ¢ = 0.02. This implies that
the use of Model 1 in a conservation measure must incorporate a mechanism for adjustment of
the limit for a decision, L, in relation to the catch rate.

All models showed decreases in performance with increasing length of reporting period
(Table 1), and this was exacerbated by increasing catch rates.

All models performed less well with the Type II catch than with Type 1. However,
although there was little difference between the performance of Model 1 and Model 2 at low
catch rates and with Type I catches, the performance of Model 1 was significantly lower at
higher catch levels and Type II catches than Model 2 (Table 2). DMMs of classes similar to
Model 2 are clearly preferable to Model 1 under most circumstances.

Two refinements to Model 2 were made, creating Model 3 and Model 4 by changing the
decision path and the way the rate was determined. Individual simulations established that the
optimal number of periods to use for the calculation of trend for Model 4 was four. Table 4
shows that Model 4 performs more successfully with changing catch rates (Type II) than either
Models 2 or 3, although it appears to perform less well with catches of Type I than Model 3.

The effect of the coefficient of variation (CV) of the mean catch rate is unpredictable. For
instance, increasing cv, from 0.2 to 0.8 with catch = 0.01 and using catch Type II with Model 4
decreases the chance of more than 5% over-shoot but increases the chance of greater than 10%
over-shoot. The CV used for the simulations (0.2) is similar but slightly lower than that found
for the catches of Champsocephalus gunnari reported by 5-day period in 1989/90. The CV of
catches by period (cv.) computed by the simulation is less than this, about 0.15, because the cv
is applied to each catch by day, and adding catches by period removes some of this variation.
However, it was considered that since no direct information on CV of catches by day was
available, and vessels may change their fishing strategy by 5-day (week) periods rather than by
day, that the cv, value of 0.2 was realistic until further information becomes available.

4. DISCUSSION
There is clear evidence that Models 2 to 4 perform more successfully than Model 1.

Models 2 to 4 all use a decision based on the time to completion of the TAC in relation to
reporting periods, whereas Model 1 was based on a proportion of the TAC. This means that the
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time interval over which it is necessary to predict catch rates is reduced. Since the uncertainties
in all these models arise because they have to use information from past catch rates to
extrapolate future catches up to when the TAC is taken, models that reduce the extrapolation time
should reduce the over- or under-shoot in TAC,

Table 4 shows that there is a significant advantage in using a model that combines the
features of short extrapolation periods with an element of trend analysis. In this case, using the
past four reports to infer a trend gave the best results (but under other conditions of a and A, for
example, this could change). The decrease in probability of greater than 5% over-shoot from
0.47 to 0.27 with a change from Model 1 to Model 4 (catch = 0.01) demonstrates the increased
performance of the latter model.

A fifth model was trialed, which used mean catch rates over a number of previous
periods to calculate closure date (i.e., trend assumed zero). This offered no advantages over
Model 3 and was not pursued further.

It must be emphasised that extrapolation of information from past catch rates will always
contain an element of uncertainty, for some methods more than others. The more complex the
analysis of trend the better the model might be expected to perform, but in this paper only
simple linear regression techniques have been used. Large, unpredictable changes in rate such
as happened at the end of the 1991 D. eleginoides fishery, can never be realistically anticipated
by these models without further information being provided, such as anticipated changes in fleet
structure.

Model 4 performs better under fluctuating conditions (Type II catches) than the others
described here, although it appears to perform slightly worse than Model 3 when catches are of
Type 1. The choice of model may thus depend on the type of catches from the fishery.
However, it should be noted that a fishery need not be cyclical to benefit from the adoption of
Model 4; if a fishery starts consistently and then declines or increases effort towards the end of
the season, Model 4 will perform better than others.

The latter situation can often be expected since fishermen receive feedback on the
progress of the fishery from the Secretariat. If Method 4 had been used in 1991, the fishery
would not have been closed when it was, but later, and would probably have avoided some of the
4.3% shortfall in catches from the TAC.

The probability of serious over- or under-shoot of a TAC can be further minimised by:

. low catch rates and coefficient of variation (at catch rates of less than 0.005,
Models 3 and 4 perform similarly);

. short reporting periods (5-days); and

. short reporting delays.

The details that should be incorporated into a conservation measure based on the
implementation of Model 4 are given in Appendix B.
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Table 1:

Effect of length of reporting period on performance.
probability of greater than 5% over-shoot (in parentheses).

Mean over-shoot and

Model 1, catch Type I,

5-day reporting period 0.007 (0.027) | 0.015 (0.071) | 0.093 (0.715)
10-day reporting period 0.019 (0.073) [0.052 (0.511) |0.294 (0.982)
Model 2, catch Type I, Catch =0.005 |0.01 0.02

5-day reporting period 0.005 (0.002) | 0.010 (0.038) | 0.018 (0.220)
10-day reporting period 0.013 (0.012) |0.023 (0.220) | 0.034 (0.209)

2 As proportion of TAC

Table2:  Performance of Models 1 and 2 with Catch Types I and 1. Mean over-shoot and
probability of greater than 5% over-shoot in parentheses.
Model 1,L =0.8 Catch =0.005 |0.01 0.02
Catch Type I 0.007 (0.027) {0.015(0.071) 0.093(0.715)
Catch Type II 0.046 (0.435) |0.061 (0.466) | 0.155(0.817)
Model 2 Catch=0.005 |0.01 0.02
Catch Type I 0.005 (0.002) |0.010(0.038) |0.018(0.220)
Catch Type I 0.014 (0.073) |0.026 (0.417) |[0.155(0.521)
Table 3:  Performance of Models 2, 3 and 4 under Catch Types I and II. Probability of
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over-shoots greater than 5% and 10% (in parentheses) (mean over-shoot is not

given).
Catch Type 1 Catch =0.005 |0.01 0.02
Model 2 0.002 [0] 0.038 [0.001] | 0.220 [0.040]
Model 3 010] 0.025 [0] 0.219 [0.025]
Model 4 0.001 [0] 0.036 [0.001] | 0.230 [0.038]
Catch Type I Catch =0.005 |0.01 0.02
Model 2 0.073 [0.001] |0.417[0.087] |0.521[0.341]
Model 3 0.050 [0] 0.350 [0.035] | 0.478 [0.254]
Model 4 1 0.025 [0] 0.269 {0.023] | 0.342[0.167]
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Figure 1: Progress of the D. eleginoides fishery in 1991. Catches are by five-day period and
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Figure 2: Simulated progress of a fishery with Catch Type II: mean catch = 0.005 of the TAC
day-1, with other sin parameters as given in the methods. Catches are given by
five-day period.
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Figure 3: Frequency distribution of overshoots expressed as percentage of TAC, after 1 000
simulation runs. This was produced using Model 1, Catch Type I, ¢ = 0.005,
L =0.70 and had the characteristics of mean and SD over-shoot = 0.0071 and 0.029
respectively, and a probability of >5% and >10% over-shoot of 0.086 and 0.002
respectively.
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Figure 4: Model 1 (currently defined in Conservation Measure 25/IX) with Catch Type I. The
effect of L, the catch limit required to trigger a closure decision, on the performance
of Method 1 expressed as the probability of the final over-shoot in catch being
greater than 5% of the TAC. The curves are interpolated by computer, and show
local minima which occur at different values of L with different catch rates.
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Tableau 1:

Tableau 2:

Tableau 3:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Tabauna 1;

Ta6auna 2:

Tabauua 3:

Légende des tableaux

Répercussions de la durée de la période de déclaration sur la performance.
Dépassement moyen et probabilité d'un dépassement supérieur 2 5% (entre
parentheses). -

Performance des modeles 1 et 2 pour des captures de type I et II. Dépassement
moyen et probabilité d'un dépassement supérieur & 5% (entre parenthéses).

Performance des modeles 2, 3 et 4 pour des captures de type I et Il. Probabilité
d'un dépassement supérieur a 5% et 2 10% (entre parentheses) (le dépassement
moyen n'est pas donné).

Légende des figures

Déroulement de la pécherie de D. eleginoides en 1991. Les captures sont
présentées par période de cing jours et exprimées en pourcentage du TAC de
2 500 tonnes.

Déroulement simulé d'une pécherie avec des captures de type II : capture
moyenne = 0,005 du TAC jour-1, avec d'autres parametres sinus tels qu'ils sont
donnés dans les méthodes. Les captures sont présentées par période de cing
jours.

Distribution de fréquence des dépassements exprimés en pourcentage du TAC,
aprés 1 000 simulations. Elle est dérivée du Modele 1, pour une capture de
Type I, ¢ = 0,005, L = 0,70 et présente les caractéristiques de dépassement
moyen et d'écart-type = 0,0071 et 0,029 respectivement et une probabilité de
dépassement >5% et >10% de 0,086 et 0,002 respectivement.

Modele 1 (défini dans la mesure de conservation 25/IX) pour une capture de
Type 1. Effet de L, limite de capture & 1'origine de la décision d'une fermeture,
sur l'efficacité de la Méthode 1, exprimé en tant que probabilité selon laquelle le
dépassement final de la capture est supérieur 2 5% du TAC. Les courbes sont
tracées par ordinateur et illustrent les minima localisés pour différentes valeurs
de L et différents taux de capture.

CnucokK Ta6Jiulg

Bausinue APOAOKUTEJNbHOCTH OTUETHOro nepuoga Ha
3¢pdekTUBHOCTL pacueTa, CpeaHee IpeBbllIeHHE U BEPOSITHOCTH
NnoJiyueHus: npeepbiieHUs 6osiee 5% (B ckobkax).

3dpdexkTUBHOCTL MogeJeil 1 U 2 ¢ BoljioBoM Tunos I u II, CpesHee
npeBbllleHHEe U BEpOSITHOCTDb NMOJIyUeHUsl NpeBbilieHUs1 6oJiee, ueM 5%
(B ckob6Kax).

3ddexkTHBHOCTL Mogeneit 2, 3 U 4 ¢ BbiJloBoM TUnoB I u IL

BepositTHOCTb noJiyueHUsl npeBbilieHU 6osee 5% u 10% (B cKobKax)
(cpeAHee npeBbllleHUE HE AaeTCs).
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PuicyHOK 1:

PucyHOK 2:

PucyHok 3:

PHCYHOK 4:

Tabla 1:

Tabla 2:

Tabla 3:

Figura 1:

Figura 2:
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CIUCOK PUCYHKOB

PaseutHe npoMmbicia D. eleginoides 8 1991 r. YJIOBbI MO MSITUAHEBHBIM

nepuoAaM BbIpaKeHbl Kak nponopuust TAC, yCTaHOBJIEHHOI'O B 2 500
TOHH,

HMHTAaLMs] pa3BUTHS MPOMbIc/a C BblloBoM Tuma II: cpelAHUIl BbIJIOB
= 0,005 TAC AeHb! - ocTa/ibHBIE BIIT NAPAMETPBI ONMHUCAHBI B METO1AX.
YV 10BBI 1O NATUAHEBHBIM MEPHOAAM.

YacTOTHOE paclnpeeneH’e NpeRbIlIeHUH, BBIpaXXeHHOE Kak NMpOUEeHT
TAC nocJe 1 000 UMUTAIHOHHBIX TPOrOHOB, 3TO pacnpeiesieHue 6b110
NpOU3BEIEHO C UCIOJb30BaHUEM Moaenu 1, Tunowm BeisioBa I, £=0,005,
O = 0,70 U MeJIO XapaKTEPUCTUKHU: cpeiHee U SD NpeBbllleHUst = 0,0071
1 0,029 COOTBETCTBEHHO, U BEPOSITHOCTb MOJyUEHUsI MpEBbINEHM
>5% u >10% B 0,086 1 0,002 cOOTBETCTBEHHO,

Moaesb 1 (cM. onpeaeneHue B Mepe nNo coXpaHEHUIO 25/1X) ¢ Tunom
BbloBa 1. BJMsIHME NepeMeHHol L, T.e. orpaHuueHue Ha OfbeM
BBIJIORA, JOCTUXEHHE KOTOPOro NPUBOAUT K NMPHHSTUI pelleHns no
NOBOJAY 3aKpbITUSI NMpOMbic/a, Ha 3(PPEeKTUBHOCTD Merona 1. 3To
BJMSIHUE BHIPaXKaeTcsl KaK BEPOSITHOCTb TOrO, YTO OKOHYATEJbHOE
npeBblleHUe BblIOBa 6ByJer 6oapme 5% ot TAC. Kpusbe
UHTEPNOJIUPOBAHbBI  KOMIBIOTEPOM UM TMOKa3blRalOT  JIOKAJbHBIC
MHHUMAaJIbHBIE  3HAUeHUs] TNpU  pPasjHUHBIX  3HaUeHUsIX L u
HUHTEHCUBHOCTH BbIJIOBA.

Lista de las tablas

Efecto de la duracién del perfodo de notificacién en el funcionamiento del
modelo. Exceso medio del objetivo y probabilidad de exceder el objetivo
superior al 5% (en paréntesis).

Funcionamiento de los modelos 1 y 2 con capturas de tipo I y II. Exceso
medio del objetivo y probabilidad de exceder el objetivo superior al 5% (en
paréntesis).

Funcionamiento de los modelos 2, 3 y 4 con capturas de tipo I y IL
Probabilidad de exceder el objetivo superior al 5y 10% (en paréntesis) (no se
presenta el exceso medio del objetivo ).

Lista de las figuras

Desarrollo de la pesquerfa de D. eleginoides en 1991. Las capturas se
presentan por perfodos de cinco dfas y se expresan como una proporcién del
TAC de 2 500 toneladas.

Desarrollo empirico de una pesqueria con capturas de typo II: captura
media = 0.005 del TAC por dfa, con otros pardmetros del seno, segin se ha
especificado en los métodos. Las capturas se presentan por perfodos de cinco
dias.



Figura 3:

Figura 4:

Distribucién de frecuencia de exceder el objetivo expresada como porcentaje
del TAC, luego de 1 000 simulaciones. Esta fue producida utilizando el modelo
1, captura de tipo I, ¢ = 0.005, L = 0.70, y dio un exceso medio del objetivo de
0.0071, con una desviacién tipica de 0.029 y una probabilidad de exceder el
TAC superior al 5% = 0.086 y superior al 10% = 0.002.

Modelo 1 (definido actualmente en la Medida de conservacidn 25/IX) con una
captura de tipo I. El efecto que produce L, la captura méxima que se requiere
para instituir el cierre, en el funcionamiento del modelo 1, expresado en
términos de la probabilidad de exceder el objetivo final de captura superior al
5% del TAC. Las curvas fueron interpoladas por computador y muestran el
minimo local que ocurre a distintos valores de L con diferentes indices de
captura.
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APPENDIX A

SUBROUTINE MODEL1 (CUMCAT,ILASDAY, EFFRATE, IREPDAY,
&DECLIM, IPERIOD, IENDDAY)

cumulative catch CUMCAT assumed to be out of 1 so amount to go =l-cumcat
TLASDAY is the day the report came in

EFFRATE is the effective rate of catching used (calculated in main prog)
DECLIM is the limit of catch for decisions

IREPPER is the end date of the report period

IEND is the end date

IENDPER is the end date of the end period

TENDDAY is the returned date of the closure; set to -1 if no closure decision

IEND=ILASDAY+INT ( (1,~CUMCAT) /EFFRATE)
IENDPER=IPERIOD* { ( (IEND-1) /IPERIOD) +1)
IREPPER=IPERIOD* ( ( ({IREPDAY-1) /IPERIOD) +1)
WRITE (*,*) IEND,EFFRATE,CUMCAT,DECLIM
IF (CUMCAT.GE.DECLIM.AND,IENDPER,.GE,IREPPER) THEN
IENDDAY=IENDPER
ELSE IF (CUMCAT.GE.DECLIM,AND.IENDPER,.LT,IREPPER) THEN
IENDDAY=IREPPER
ELSE
IENDDAY=-1
ENDIF
RETURN
END
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SUBROUTINE MODEL2 (CUMCAT, ILASDAY, EFFRATE, IREPDAY, TPERIOD, TENDDAY)

cumulative catch CUMCAT assumed to be out of 1 so amount to go =l-cumcat
ILASDAY is the day of last catch

EFFRATE is the effective rate of catching used (calculated in main prog)
IREPDAY is the date the report was recieved by Secretariat

IPERIOD is the number of days in the period for reporting

TENDDAY is the date of the closure; set to -1 if no closure decision

IEND=ILASDAY+INT ( (1.,~CUMCAT) /EFFRATE)

IENDPER=IPERIOD* ( ( (IREPDAY-1) /IPERIOD) +2)

IREPPER=IPERIOD* ( ( (IREPDAY-1) /IPERIOD) +1)

IF (IEND.LE.IENDPER,AND,IEND.GT.IREPPER) THEN
IENDDAY=IENDPER

ELSE IF (IEND.LE.IREPPER) THEN
IENDDAY=IREPPER

ELSE
IENDDAY=-1

ENDIF

RETURN

END
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SUBROUTINE MODEL3 (CUMCAT, ILASDAY, EFFRATE, IREPDAY, IPERIOD, TENDDAY)

same as model 2 except with closure date on that date rather than on
the end of the period, and with determination by catch within next
xx days, where xx=IPERIOD

o NeNeN®]

IF (EFFRATE.EQ.0.) EFFRATE=,000000001

IEND=ILASDAY+INT((1,~CUMCAT) /EFFRATE)

IENDPER=IPERIOD+IREPDAY

IF (IEND.LE.IENDPER.AND.IEND.GT.IREPDAY) THEN
IENDDAY=IENDPER

ELSE IF (IEND.LE.IREPDAY) THEN
IENDDAY=IREPDAY

ELSE
IENDDAY=-1

ENDIF

RETURN

END
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SUBROUTINE MODEL4 (CUMCAT, ILASDAY, ARREG, NO,
&IREPDAY, IPERIOD, IENDDAY)

this model fits a regression line to the last "NO" data points

(data point = catch/period) and calculates the change in catch rates
fitting this to estimate next catch level

ARREG(30) holds the latest reported catch

NO is the number of previous catch reports to be used in the regression
IENDDAY is the returned date of closure

regression model: linear

oo NoNeEeRe e NSNS

REAL ARREG (30)

SUMX=0.
SUMY=0.
SSUMX=0.
SUMXY=0.

C this code fills up ARREG from the bottom with the latest "NO" catches
DO 10 N=1,NO
IF (N.LT,NO) THEN
ARREG (N) =ARREG (N+1)

ELSE
ARREG (N) =ARREG (30)
ENDIF
C WRITE (*,'(5X,I5,F8.4)') N,ARREG(N)

SUMX=SUMX+N

SUMY=SUMY +ARREG (N)

SSUMX=SSUMX+N**2

SUMXY=SUMXY+N*ARREG (N)
10 CONTINUE

IF (ARREG(1l) .NE.-1.) THEN
C the equation of the fitted line is Y=A+B(X)
B= (NO*SUMXY-SUMX*SUMY) / (NO*SSUMX-SUMX**2)
XMEAN=SUMX/NO
YMEAN=SUMY /NO
A=YMEAN-B*XMEAN
C find the catch rate appropriate to the first unreported period
RATESTART=NO*B+A
C set up a safetycatch for number of periods
MAXPERIOD=IREPDAY-ILASDAY+2
C calculate remaining catch, and find last catch=totcat2
REMAIN=1-CUMCAT
TOTCAT2=ARREG (NO)
C WRITE (*,‘'(4F8.4)') B,A,RATESTART
DO 20 I=1,MAXPERIOD
C use equation for uniform accelleration to calculate catch in period I
TOTCAT1=RATESTART*I+0,5%B* (I**2)
C WRITE (*,'(3X,I4,F8.4)') I,TOTCATL
IF (TOTCAT1.GT,REMAIN) GOTO 30
TOTCAT2=TOTCAT1



20 CONTINUE

IENDDAY=-1
GOTO 40
C find proportion of last period at which TAC was taken
C from this find total number of periods (real) at TAC, and then days
C if limit was found, iend is the day before it was reached,
C otherwise iend is a safetycatch day, maxperiod
30 IEND=ILASDAY+INT (IPERIOD* (REAL(TI)

&— (TOTCAT1-REMAIN) / (TOTCAT1-TOTCAT2)))

C the rest is identical to Model 3
IENDPER=IPERIOD+IREPDAY
IF (IEND.LE.IENDPER.AND.IEND.GT,IREPDAY) THEN
IENDDAY=IENDPER
ELSE IF (IEND.LE.IREPDAY) THEN
IENDDAY=TIREPDAY
ELSE
IENDDAY=—-1
ENDIF
ELSE
IENDDAY=~1
ENDIF
40 RETURN

END
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APPENDIX B

CONSERVATION MEASURES INCORPORATING MODEL 4
WOULD HAVE THE FOLLOWING FEATURES:

Catches should be reported by 5-day period to the Secretariat, the deadline being the end
of the reporting period following that in which the catches are taken.

The progress of the fishery should be reported by the Secretariat to all Members every
month, and to Members fishing for that species being reported at the end of each reporting
period.

The Secretariat should calculate the trend in catches using linear regression on the last
four catch reports.

This catch rate trend should be extrapolated to calculate the “predicted date”, the day on
which the TAC is expected to be taken, using a rounding down function.

If the predicted date is within one reporting period of the date on which the Secretariat
received the report of the catches the fishery will close on that day or on the day on which
the report was received, whichever is the later (i.e., if the calculation indicates that the TAC
will be taken before another report would be received by the Secretariat [received day plus
one reporting period], the fishery should close).
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