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Abstract

Two Monte Carlo simulation models, the krill yield model and the generalised yield
model (GYM), are currently available to CCAMLR that can be used for estimating yields
according to decision rules that relate spawning stock status to the median unexploited
spawning biomass. These models are used in order to account for uncertainty in the
biological parameters and abundance of the stock being assessed. CCAMLR currently
uses results from the krill yield model as a basis for setting catch limits in the krill
fishery, while the GYM is used for assessing vield in other finfish fisheries but can also
be used for krill. The decision rules relate to the effects of a specified long-term annual
yield on (i) the probability of the spawning stock being reduced below a set proportion
of the median pre-exploitation spawning biomass during a projection trial and (ii) the
median status of the spawning stock at the end of the projection trial (as a proportion of
the median pre-exploitation spawning biomass). These rules require that the median
pre-exploitation spawning biomass is known prior to a projection so that in each trial a
direct assessment can be made of (i) whether the stock became critically depleted in that
trial and (ii) the status of the stock at the end of the trial. These values from all trials are
used to determine the probability of critical depletion and the median level of
escapement respectively. The Monte Carlo simulations take account of uncertainty in
the biological parameters used to estimate yield. In this respect, the biological
parameters may change between individual projection trials. Consequently, the median
pre-exploitation biomass needs to be estimated prior to each trial in order for it to be
based on the parameters for that trial. The krill yield model uses a biased estimate of
the median pre-exploitation spawning biomass with a method for correcting this bias in
the level of escapement. The GYM uses an unbijased estimate of the median
pre-exploitation spawning biomass and, thus, requires no correction. This paper
examines the effects of the biased estimates of the median pre-exploitation spawning
biomass on the estimates of krill yield. The results show that the biased estimate results
in a bias of the probability of critical depletion, while the level of escapement is not
appreciably sensitive to the method of estimating the median pre-exploitation spawning
biomass. This bias in the krill yield model will result in the catch level given for a set
probability of critical depletion being too high. However, this will not affect the
estimates of long-term precautionary yield currently adopted by CCAMLR for the krill
fishery because the level of escapement is the binding rule in this case. The results
indicate that the GYM using the unbiased estimator of the pre-exploitation biomass is
the preferable model for assessing long-term annual yields.

Résumé

La CCAMLR dispose actuellement de deux modeles de simulation de Monte Carlo, le
modele de rendement de krill et le modéle de rendement généralisé (GYM), pouvant
tous deux servir a estimer les rendements tout en suivant les critéres de décision qui
établissent un rapport entre I’état des stocks reproducteurs et la biomasse moyenne
reproductrice inexploitée. Ces modeles permettent de tenir compte de l'incertitude liée
aux paramétres biologiques et a I'abondance du stock étudié. A I’heure actuelle la
CCAMLR se base sur les résultats du modéle de rendement de krill pour fixer les limites
de capture de la pécherie de krill, et utilise le GYM, qui peut aussi servir pour le krill,
pour calculer le rendement des pécheries de poisson. Les critéres de décision portent
sur les effets d’un rendement anmuel a long terme donné sur i) la probabilité qu’au cours
d’un essai de projection, le stock reproducteur tombe en dessous d’une proportion
donnée de la biomasse reproductrice moyenne d’avant 'exploitation et ii) I'état moyen
du stock reproducteur en fin d’essai de projection (en tant que proportion de la
biomasse reproductrice moyenne d’avant 1'exploitation). Ces critéres requierent de
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posséder, avant de procéder & une projection, une connaissance de la biomasse
reproductrice moyenne d’avant l'exploitation pour que lors de chaque essai on puisse
directement déterminer i) si le stock a subi une diminution critique pendant 1'essai ii)
1"état du stock en fin d’essai. Ces valeurs, déduites de tous les essais, sont
respectivement utilisées pour déterminer la probabilité d'un épuisement critique et le
niveau moyen d’évitement. Les simulations de Monte Carlo tiennent compte de
I'incertitude des paramétres biologiques utilisés pour estimer le rendement. A cet
égard, il est possible que les parametres biologiques changent d’un essai de projection a
un autre. En conséquence, la biomasse reproductrice moyenne d’avant 'exploitation
doit étre estimée avant chaque essai de maniére a étre fondée sur les parameétres de cet
essai. Le modele de rendement de krill utilise une estimation biaisée de la biomasse
reproductrice moyenne d’avant 'exploitation avec une méthode de correction de ce
biais dans le niveau d’évitement. Le GYM, lui, utilise une estimation non biaisée de la
biomasse reproductrice moyenne d’avant l'exploitation et ne demande donc aucune
correction. Les auteurs examinent ici les effets des estimations biaisées de la biomasse
reproductrice moyenne d’avant l'exploitation sur les estimations de rendement de krill.
Les conclusions indiquent que l'estimation biaisée donne un biais dans la probabilité
d’un épuisement critique, alors que le niveau d’évitement n’est pas sensible de manieére
appréciable a la méthode d’estimation de la biomasse reproductrice moyenne d’avant
I'exploitation. De ce biais dans le modele de rendement de krill résultera un taux de
capture donné trop élevé pour la probabilité convenue d'un épuisement critique. Cela
n’affectera toutefois pas les estimations du rendement préventif a long terme adoptées
actuellement par la CCAMLR pour la pécherie de krill étant donné que le niveau
d’évitement est dans ce cas la régle a suivre. Selon les conclusions, le GYM utilisant
I'estimateur non biaisé de la biomasse d’avant I’exploitation serait le modele préférable
pour évaluer les rendements annuels a long terme.

Pe3iome

Mopens BBIJIOBA KpuJIsg B oGobiedHast ModeJsib BeisioBa (GY-Momesip) - aBe
CHMYJISIMOHHBIX MOJIeJTH 110 MeTony MoHTe-Kapiio -~ NpuMeHSIOTCS yUESHBIMHE
AHTKOMa pns oueHKY BbLJIOBA B COOTBETCTBHH C MPaBHJIAMH MPHHSTHS peIeHUi,
KOTOpBbIE COOTHOCST COCTOSIHHE HEPECTOBOrO 3amaca ¢ MEIHAHHON MEeBCTBCHHOIM
HepecToBOH OroMaccoil. DTH MOEeJI HCIOJIB3YHOTCS AJIS yUeTa HeONPEaeICHHOCTH B
OUOJIOrHYEeCKUX MapaMeTpax M YUCJICHHOCTH HCCJAeOyeMOoro 3amaca. B Hacrosmee
Bpems AHTKOM wucnoJsip3yer MOeJb BBIJIOBA KPHJISI OJA ONpencsIeHUS
OrpaHHYEHH# Ha BBIJIOB KPUJISA, B TO BpemMda kak GY-Molesp IpuMeHsIeTCsT s
pacueTa BBLJIOBa IJIABHHKOBBIX PBIO, XOTS OHA MOXKET HCOJIB30BATHCS M IJ1S KPUJIS.
IIpaBusia npuHSTHS pelleHuil OTHOCITCS K 3P deKTaM, OKa3biBaeMbIM 3aJaHHBIM
00BEMOM TOJITOCPOYHOTO FOAOBOTO BBLIOBA Ha (i) BEpOSITHOCTH CrHajia HEPECTOBOTO
3amaca HUXe yKa3aHHOH 401 MEeOUaHHOH NeBCTBEHHOH HEpecTOBOI 6GuomMaccel B Xoze
OJHOr0 IKCTPAHOJISIHHOHHOIO Neprofa U (ii) MeIMaHHOE COCTOSIHHE HEPECTOBOTO
3amaca B KOHLE 9TOT0 mepruoaa (BbipaXaeMoe KaK [J0JIST MEOUAHHOH AeBCTBEHHOMH
HepecToBoH 6nomaccel). CorylacHO 3THM MpaBHJ/IaM, 10 IPOBEICHHS NPOroHa MOIEJIH
HEO0OXOONMO 3HATD MEOHAHHYIO JNEBCTBCHHYIO HEPECTOBYIO OHOMAcCy OJIsSl TOrO,
yTOOBl /1 KaXA0ro BapHAHTA pacyeTa ONCHUTb, HPOH30HOeT JIM KPUTHUYECK Oe
HCTOILEHHE 3amaca, 1 COCTOSIHHE 3amaca B KOHIIE pacuera. DTH 3HAUCHHS, 10Ty YSHHBIS
MO BCEM BapHAHTAM PACUeTa, HCMOJIb3YIOTCS COOTBETCTBCHHO IJIS ONMpeesIeHus
BEPOSITHOCTH KPHTHUECKOTO HCTOIICHHS H MEOHAHHOT'O YPOBHS HEOOJIABJIHBAEMOIO
pesepra. Umuranun no Metony MonTe-Kapiio yUHTEIBaIOT HEONPEOeJIeHHOCTh B
GHOJIOrHUECKHX TApaMeTpax, UCMOJIb3YEMBIX [JIS pacueTa BbUIOBAa. B cBs3M ¢ >THM
OMOJIOrHYeCKHe NapaMeTpPsl MOTYT KOJj1e0aThCsd MEXAY OTAC/TbHBIMH BapHAHTAMU
pacuera. CJie1OBaTE/IBHO, IO KaX[IOr0 MPOroHa HEOOXOOHUMO OLCHHTH MEdHaHHY IO
J€BCTBEHHYIO OHoMaccy ¢ TeM, 4yToObl OHa OblJIa OCHOBAaHA HAa mapaMeTpax AJis
JAaHHOTO nmporoHa. B Mopesin BbIJIOBA KPUJTA HCOOJIB3YETCS CMEMIeHHAas OLeHKa
MeIHaHHOH [eBCTBEHHOH HEpeCTOBOH OGUOMACCHl B COUETAHHM ¢ METOOOM HOHpPaBKH
CMelIeHus B pa3zMepe HeobsiaBymBaeMoro pesepsa. B GY-Momesm HCHOJIB3yeTCs
HeCcMEl{eHHas OUEHKa MeJHaHHOH! OeBCTBEHHON HepecTOBOHl GmomMacchl U He
HyX[OaeTcs B monpaBke. B HacTosmeit pabore paccMaTpuBaeTcsl BAMSHHE CMEILCHHON
OLICHKN MEOHAHHOI NeBCTBEHHOH HEPECTOBOH OMOMACCHI HA OHEHKH BLLJIOBA KPHJIS.
PesynpTaThl MOKAa3bIBAKOT, UTO CMEILUECHHAS OLEHKA MPUBOMAUT K CMEIICHHIO
BEPOSITHOCTH KPHTHUECKOTO HCTOIICHHS, B TO BPEeMsT KaK pa3Mep HeoOJ1aBIHBAEMOr0O
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pe3epBa HEe OUYEHb UYBCTBHTEJIEH K METOAY MOJYUYEHHS OHEHKHU MeAUHaHHOH
JEeBCTBEHHOH HEPECTOBOII OHOMACChl. DTO CMEIEHUE B MOJEJIH BBIJIOBA KpuJis
NPUBEAET K TOMY, UTO YPOBEHb BBLJIOBA, PACCUMTAHHBIA /19 3adaHHON BEpPOATHOCTH
HCTOMIEHHsT, OYJeT C/IMIIKOM BBICOKHM. TeM He MeHee 3TO He CKaXKeTCs Ha OHEHKAaX
OOJITOCPOUHOro NPEeJOXPAHUTEISIPHOIO YPOBHS BBLIJIOBA KPHJA, HPUHATHIX
AHTKOMoM, nocKoIbKy B JaHHOM cJydae 00sA3aTEJIbHBIM ABJISETCS pasmep
HeoOJ1aBJIMBAEMOro pe3epsa. Pe3ysibTarTsl MOKa3BIBAKT, UYTO OJIS OUCHKH
JOJITOCPOYHOr0 FOJOBOr0 BBIJIOBA NPEANOUTHTEIBHOR Mopaesbto saBasercs GY-
MO[€JTb, B KOTOPOI HCTIOTB3YETCsT HECMEILIEHHAs! OLICHKa JAEBCTBEHHON OHOMACCHI.

Resumen

Actualmente la CCRVMA dispone de dos modelos de simulacién del tipo Monte
Carlo: el modelo de rendimiento del kril y el modelo de rendimiento generalizado
(GYM), que pueden ser utilizados para la estimacién del rendimiento segun criterios de
decision que relacionan el estado del stock en desove con la mediana de la biomasa del
stock en desove sin explotar. Se utilizan estos modelos para dar cuenta de la
incertidumbre de los pardmetros biolégicos y de la abundancia de los stocks bajo
evaluacién. La CCRVMA utiliza los resultados del modelo de rendimiento del kril
como base para fijar los limites de captura de la pesqueria de kril, mientras que el
modelo GYM se usa para evaluar el rendimiento de otras pesquerias de peces, aunque
también se le puede aplicar a las pesquerias de kril. Los criterios de decisién se refieren
a los efectos de un determinado rendimiento anual a largo plazo en (i) la probabilidad
de que el stock en desove se reduzca a menos de una proporcion determinada de la
mediana de la biomasa del stock en desove antes de la explotacién durante una prueba
de proyeccién y (ii) la mediana del estado del stock en desove al final de la proyeccién
{como proporcién de la mediana de la biomasa del stock en desove antes de la
explotacién). Estos criterios requieren que el valor de la mediana de la biomasa del
stock en desove antes de la explotacion se conozca antes de la proyeccién de modo que
en cada prueba se pueda hacer una evaluacion directa para determinar (i) si el stock
disminuy6 de manera critica en esa prueba y (ii) el estado del stock al final de la prueba.
Los valores de todas las pruebas se utilizan para determinar la probabilidad de
reduccién critica y la mediana del nivel de escape, respectivamente. Las simulaciones
del tipo Monte Carlo toman en cuenta la incertidumbre de los pardmetros bioldgicos
que entran en la estimacion del rendimiento y que pueden variar entre pruebas
individuales de la proyeccién. Por consiguiente, la mediana de la biomasa antes de la
explotacién debe ser estimada antes de cada prueba a fin de que se base en los
parametros utilizados en esa prueba. El modelo de rendimiento del kril utiliza una
estimacién sesgada de la mediana de la biomasa del stock en desove antes de la
explotacion y un método para corregir este sesgo en el nivel de escape. El modelo GYM
utiliza una estimacién sin sesgos de la mediana de la biomasa del stock en desove antes
de la explotacién y por lo tanto no requiere correccién. Este trabajo examina los efectos
de las estimaciones sesgadas de la mediana de la biomasa del stock en desove antes de
la explotacién en las estimaciones de rendimiento del kril. Los resultados indican que la
estimacién sesgada produce a su vez un sesgo en la probabilidad de reduccién critica,
mientras que el nivel de escape no aparenta ser sensitivo al método de estimacién de la
mediana de la biomasa del stock en desove antes de la explotacién. El sesgo en el
modelo de rendimiento de kril tendrd como consecuencia que el nivel de captura
correspondiente a una probabilidad de reduccién critica determinada serd demasiado
alto. Sin embargo, esto no afectard las estimaciones del rendimiento precautorio a largo
plazo adoptadas actualmente por la CCRVMA con respecto a las pesquerias de kril,
porque la regla obligatoria en este caso es el nivel de escape. Los resultados indican que
el modelo GYM que utiliza la estimacién sin sesgos de la biomasa antes de la
explotacion es el modelo preferible para la evaluacién de rendimientos a largo plazo.

Keywords: krill, modelling, estimation bias, yield, spawning biomass, CCAMLR
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INTRODUCTION

Two Monte Carlo simulation models are
currently available to CCAMLR that can be used
for estimating yields according to decision rules
that relate spawning stock status to the median
unexploited spawning biomass (see SC-CAMLR,
1994 — paragraphs 5.18 to 5.26 for a discussion of
the application of the decision rules). The first
model, the krill yield model, has been developed
specifically for krill (Butterworth et al., 1994;
SC-CAMLR, 1994 ~ paragraphs 5.15 to 5.17), while
the second is a generalised yield model that can
be used for any fish stock, including krill
(Constable and de la Mare, 1996; SC-CAMLR,
1995 — paragraph 4.36). These models are used in
order to account for uncertainty in the biological
parameters and abundance of the stock being
assessed. CCAMLR currently uses results from
the krill yield model as a basis for setting catch
limits in the krill fishery.

The decision rules relate to the effects of a
specified long-term annual yield on (i) the
probability of the spawning stock being
reduced below a set proportion of the median
pre-exploitation spawning biomass during a
projection trial and (ii) the median status of the
spawning stock at the end of the projection trial
(as a proportion of the median pre-exploitation
spawning biomass). These will be referred to as
the probability of critical depletion and level of
escapement respectively. In the case of krill yield,
the long-term annual yield is specified as a
proportion of the estimated pre-exploitation
biomass, Y.

These rules require that the median
pre-exploitation spawning biomass is known
prior to a projection so that in each trial a direct
assessment can be made of (i) whether the stock
became critically depleted in that trial and (ii) the
status of the stock at the end of the trial. These
values from all trials are used to determine the
probability of critical depletion and the median
level of escapement respectively. The Monte
Carlo simulations take account of uncertainty in
the biological parameters used to estimate yield.
In this respect, the biological parameters may
change between individual projection trials.
Consequently, the median pre-exploitation
biomass needs to be estimated prior to each trial
in order for it to be based on the parameters for
that trial.

Butterworth et al. (1994) use a deterministic
method for estimating the median pre-
exploitation spawning biomass (S5, in
Constable and de la Mare, 1996), where §0
is a single calculation of the spawning biomass in
a population with a deterministic age structure
based on the mean recruitment used in the
projection trial (see Butterworth et al., 1994 for a
complete mathematical description). This method
gives a biased estimate of the median pre-
exploitation spawning biomass, a problem noted
and discussed by the authors. As a result, the
median level of escapement at the end of the
projection period with no catches will not be
They advise that the level of

escapement for a particular catch level should be

equal to 1.

corrected by dividing it by the value for
escapement obtained when the projections are
undertaken with no catches. However, they did
not provide advice on how the biased estimate,
S,, might affect the probability of critical
depletion.

Constable and de la Mare (1996) describe an
alternative method for estimating the median
pre-exploitation biomass (S,), where S; is
determined prior to a projection trial as the
median spawning biomass from multiple random
determinations of a pre-exploitation age structure
(the number of determinations is able to be set by
the user) (see Constable and de la Mare, 1996 for a
complete description of this method). In this way,
Syis an unbiased estimate and the median level of
escapement at the end of the projection period
should be equal to 1 when no catches are taken
(stochastic variability will mean that this will not
be achieved but it should be very closely
approximated with a very large number, say
10 001, of replicate determinations of the
pre-exploitation biomass). Thus, no correction is
required.

This paper examines the implications for
estimates of krill yield of using the biased
estimator of the median pre-exploitation
spawning biomass with the method of correction
used by Butterworth et al. (1994). The GYM is
used with both forms of estimating the median
pre-exploitation spawning biomass in order,
firstly, to compare directly the outputs of the



generalised yield and the krill yield model and,
secondly, to examine the bias in estimates of krill
yield.

RESULTS FROM THE KRILL YIELD MODEL

Results for the krill yield model are taken from
Butterworth et al. (1994). A subset of these results
is shown in Tables 1 and 2 and used as the basis
for the runs with the GYM. The values of y given
by Butterworth et al. (1994) are used in the runs of
the GYM.

COMPARABILITY OF
THE TWO MODELS

The first set of runs with the GYM used the
deterministic formulation of the median
pre-exploitation spawning biomass, S,, in order
to compare directly the output of this model with
the krill yield model. The test used in this
comparison was the summer fishing model
(December-February) with y = 0.136, a critical
depletion level of 0.2 and using a deterministic
formulation of the median pre-exploitation
spawning biomass. The parameter inputs for all
the runs were those described for Model 2 in
Butterworth et al. (1994). This test was
undertaken 100 times with 1 001 trials per test.
The mean probability of depletion below 0.2
of the estimated median pre-exploitation
spawning biomass (x95% confidence intervals)
was 0.084 + 0.016. The result of Butterworth et al.
(1994) was 0.1, which is at the upper limit of this
range. On the basis of this test and the analysis of
escapement below, it is concluded that the
generalised yield model provides results
comparable to the krill yield model.

TEST OF BIAS

Two sets of runs were undertaken using the
GYM to test for bias in the deterministic method
of estimating the median pre-exploitation
spawning biomass. In all cases, the parameter
inputs were those described for Model 2 in
Butterworth et al. (1994). The first set of runs
used the deterministic estimate of the median
pre-exploitation spawning biomass, 5,, while the
second set used 10 001 replicate random initial
age structures to estimate S,.

Bias in the Estimation of Krill Yield

Two types of comparisons are made. In the
first case, the probability of critical depletion is
examined for three different fishing seasons —
summer, winter and all year - and three critical
levels of depletion - 0.2, 0.4 and 0.6 of the median
pre-exploitation spawning biomass. The
projection period was 20 years. A subset of runs
was undertaken to examine the effect of
extending the projection period to 30 years on the
probability of critical depletion to 0.2 of the
median pre-exploitation spawning biomass.

In the second comparison, the level of
escapement was examined for three fishing
seasons as above and for three levels of v — 0.15,
0.2 and 0.4. Projections for 20 years and 30 years
were undertaken for all combinations of y and
fishing season.

The results comparing the probabilities of
critical depletion between the two models are
shown in Table 1 and the comparisons of the
levels of escapement are shown in Table 2.

Results from unbiased estimates of the median
pre-exploitation spawning biomass show that
the krill yield model will underestimate
the probability of critical depletion. This
underestimation becomes substantially greater
with increases in the critical level of depletion (as
a proportion of the median pre-exploitation
spawning biomass). The relative bias is not
appreciably altered with differences in the
relationship between spawning and fishing
seasons, although there is less bias for a low
critical level of depletion (0.2) and a direct overlap
between summer fishing and the summer
spawning season.

In contrast, the method for calculating the level
of escapement is not sensitive to the manner in
which the median pre-exploitation spawning
biomass is estimated. The results presented here
for the generalised yield model were not
appreciably different to those presented in
Butterworth et al. (1994).

CONCLUSIONS

The deterministic method for estimating the
median pre-exploitation spawning biomass
results in a biased estimate of the probability of
critical depletion while the level of escapement is
not appreciably sensitive to the method of
estimating the pre-exploitation spawning
biomass. This bias in the krill yield model will
result in the catch level, vy, given for a set




Table 1:

The probability of depleting the spawning biomass during 20-year projections for different levels of y for three fishing seasons using the Generalised Yield
Program (Version 3.00). The median of pre-exploitation spawning biomass for each trial is calculated deterministically (as in Butterworth et al., 1994) and from
10 001 randomised starts. Three critical levels of depletion are examined as proportions of the median pre-exploitation spawning biomass. Results are compared

to values given in Butterworth et al. (1994). Values in parentheses are probabilities of depletion over a 30-year projection perio

Fishing Season Critical Depletion Level
0.2 0.4 0.6
Y Butterworth GY Y Butterworth GY Y Butterworth GY
etal. Deter- Un- et al. Deter- Un- etal. Deter- Un-
(1994) ministic biased (1994) ministic biased (1994) ministic biased
So So So So So So
December—February 0.136 0.1 0.081 0.106 0.080 0.1 0.094 0.142 0.008 0.1 0.091 0.198
(0.114) (0.146)
April-September 0.202 0.1 0.083 0.125 0.089 0.1 0.096 0.141 0.010 0.1 0.092 0.201
(0.124) (0.175)
Whole year 0.165 0.1 0.087 0.123 0.083 0.1 0.094 0.139 0.009 0.1 0.092 0.200
(0.125) (0.168)
Table 2:  Escapement of spawning biomass at the end of 20 and 30-year projections for different levels of 7y for three fishing seasons using the Generalised

Yield Program (Version 3.00). The median pre-exploitation spawning biomass for each trial is calculated deterministically (as in Butterworth et
al., 1994) and from 10 001 randomised starts. Results are compared to values given in Butterworth et al. (1994).

Fishing Season Years in Y
Projection 0.15 0.20 0.40
Butterworth GY Butterworth GY Butterworth GY

et al. Determin- Un- et al. Determin- Un- etal. Determin- Un-
(1994) istic biased (1994) istic biased (1994) istic biased

501 502 éol 502 éol SOZ
December—February 20 0.645 0.642 0.641 0.511 0.519 0.510 0.279 0.293 0.288
30 0.638 0.640 0.508 0.510 0.292 0.289
April-September 20 0.673 0.676 0.676 0.573 0.580 0.578 0.434 0.437 0.436
30 0.675 0.678 0.576 0.580 0.437 0.443
Whole year 20 0.656 0.657 0.658 0.539 0.549 0.543 0.372 0.380 0.379
30 0.655 0.659 0.542 0.547 0.381 0.383

1

2

Runs using the GYM with S, estimated for each trial using the deterministic equation of Butterworth et al. (1994). The median ratio of spawning

biomass after 20 and 30 years relative to median éo in each run with no fishing was 1.099 and 1.088. These values were used to correct the ratios derived

under fishing as described in Butterworth et al. (1994).

Runs using the GYM with the median of Sqestimated prior to each trial from 10 001 replicates.
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probability of critical depletion being too high.
However, this will not affect the estimates of Jong-
term precautionary yield currently adopted by
CCAMLR for the krill fishery because the level of
escapement is the binding rule in this case. The
results indicate that the GYM using the unbiased
estimator of the pre-exploitation biomass, Sy, is the
preferable model for assessing long-term annual
yields.
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Liste des tableaux

Probabilité d"épuisement de la biomasse reproductrice par le programme de rendement généralisé

(Version 3.00) dans des projections sur 20 ans pour différents niveaux de y au cours de trois saisons
de péche. A chaque essai, la biomasse reproductrice moyenne d’avant l'exploitation est calculée de
fagon déterministe (comme dans Butterworth et al., 1994) et de 10 001 origines choisies au hasard.
Trois niveaux critiques d’épuisement sont examinés en fonction des proportions de la biomasse
reproductrice moyenne d’avant I'exploitation. Les résultats sont comparés aux valeurs données
dans Butterworth et al. (1994). Les valeurs entre parenthéses sont des probabilités d’épuisement

Evitement de la biomasse reproductrice 2 la fin des projections sur 20 et 30 ans par le programme de

rendement généralisé (Version 3.00) pour différents niveaux de y au cours de trois saisons de péche.
A chaque essai, la biomasse reproductrice moyenne d’avant l'exploitation est calculée de facon
déterministe (comme dans Buiterworth et al., 1994) et de 10 001 origines choisies au hasard. Les

BepostTHOCTS UCTOMERAs HepecTopoil Onomacchl: 20-s1eTHH NEpHON [T PASHYHBIX 3HAUEHHH Y

O TPEM IPOMBICJIOBBIM CE30HaM ¢ nomoinbro OGobiuieHHO# nporpamMmbl BeutoBa (Bepcusa 3.00).
MennaHa AeBCTBEHHOH HEPECTOBOH OMOMAcChl U1 Ka’XXKJOro BapuaHTa OblJla pacCudTaHa Mo
JETepMHHHCTHUECKHM MeTonam (Hamp. B padore barrepyopra u ap., 1994) u mo 10 001
PaHOMMH3HPOBAHHOMY 3anycKy. Mccseqyercs Tpu KPUTHYECKHX YPOBHSI HCTOILLEHHS KakK JOJTH
MeHaHHOI IeBCTBEHHOI HEpecTOBOI 6uoMacchl. Pe3yibTaThl CpaBHEHBI ¢ pe3yJibTaTaMi B paborte
BarrepyopTa u np. (1994). Benwuuns! B cCKOOKax ~ BEPOSITHOCTD HeTOIeHns 3a 30 Jier.

Tableau 1:
pour une projection sur 30 ans.
Tableau 2:
résultats sont comparés aux valeurs données dans Butterworth et al. (1994).
Cnucok TabJtuix
Tabmmua 1:
Tabsmua 2:

Heo6n1aBinpaeMblil pe3epB HepecTOBOH OHOMacchl B KouIe Hporxo3os Ha 20 u 30 set ¢

pa3JIMYHbIMU 3HAYCHUSMH Y IO TPEM NPOMBICJIOBBIM CE30HAM ¢ HOMOIIbi0 OG00Ie oM
nporpaMMel Bei1oBa (Bepeus 3.00). Mennana neBcTBeHHON HepecTOBOH OHOMACCH AJISt KAXXKAOrQ
BapuaHTa ObLIa paccuuTaHa 0 JAeTEPMUHHCTHYECKHM MeTojam (Hamp. B padore Barrepyopra u
ap., 1994) u no 10 001 pasguMusupoBaHHOMY 3anycky. Vccienyercst Tpi KPUTHUECKUX YPOBHS
HCTOLIECHHA KaK JOJIM MEOHaHHOH OEeBCTBEHHOH HepecTOBOI Guomacchl. Pe3ysibTarThl CpaBHEHBI C
pesyJsipTaTamu B padore BatTepyopra u op. (1994).




Constable and de la Mare

Tabla 1:

Tabla 2:

Lista de las tablas

La probabilidad de reduccién de la biomasa del stock en desove durante proyecciones de 20 afios
para niveles diferentes de y para tres temporadas de pesca utilizando el Programa de Rendimiento
Generalizado (version 3.00). La mediana de la biomasa del stock en desove antes de la explotacién
para cada prueba se calcula de manera deterministica (como en Butterworth et al., 1994) a partir de
10 001 comienzos de pruebas determinados aleatoriamente. Se examinan tres niveles criticos de
reduccién como proporciones de la mediana de la biomasa del stock en desove antes de la
explotacién. Los resultados se comparan con los valores dados en Butterworth et al. (1994). Los
valores entre paréntesis representan las probabilidades de reduccién en un periodo de proyeccién de

30 anos.

Escape de la biomasa del stock en desove al final de proyecciones de 20 y 30 afios para distintos
niveles de y en tres temporadas de pesca utilizando el Programa de Rendimiento Generalizado
(version 3.00). La mediana de la biomasa del stock en desove antes de la explotacién para cada
prueba se calcula de manera deterministica (como en Butterworth et al., 1994) a partir de 10 001
comienzos de pruebas determinados aleatoriamente. Los resultados se comparan con los valores
dados en Butterworth et al. (1994).



