- 229 -

(WG-FSA-87/8 Rev.l
and WG-FSA-87/15)

SIMULATION OF RECOVERY RATES OF FISH STOCKS IN THE SOUTH GEORGIA AND
KERGUELEN ISLANDS AREAS

R.C. Hennemuth, K.D. Bisack and G. Duhamel
(USA, France)

Abstract

The benefits of conservation measures are generally
based on the rebuilding of the depleted stocks and
improvement in yields. It is desirable that such
measures be based on the expected rate of recovery
relative to rates of fishing.

A simulation model based on a probabilistic recruitment

function was developed to provide long-term projections

of the magnitude and rate of recovery of important fish

stocks. While annual recruitment is the primary factor

affecting recovery, ‘the age of first recruitment 'is also
an important consideration.

The simulated yields correspond, on the average, with
the past observations. The simulations may prove useful
in comparing observed performance of regulations to the
expected outcomes from the simulations.

Résumé

Les avantages des mesures de conservation sont
généralement basés sur la reconstitution des stocks
dépeuplés et l'amélioration des rendements. Il est
souhaitable que de telles mesures soient basées sur le
taux prévu de repeuplement par rapport aux taux
d'exploitation.

Un modéle de simulation basé sur une fonction de
recrutement probabiliste a été mis au point afin de
fournir des projections a long terme sur la magnitude et
le taux de repeuplement des stocks de poissons
importants. Bien que le recrutement annuel soit le
principal facteur affectant le repeuplement, 1'&ge au
premier recrutement est aussi une considération
importante.

Les rendements simulés correspondent dans l'ensemble aux
observations antérieures. Les simulations peuvent
s'avérer utiles si 1'on compare la performance observée
de la réglementation aux résultats prévus des
simulations.
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Resumen

Los beneficios de las medidas de conservacidén se basan
generalmente en la reconstruccidén de las reservas
agotadas y el mejoramiento en los rendimientos. Es
deseable que tales medidas estén basadas en la tasa
esperada de recuperacién relativa a las tasas de pesca.

Se desarrolld un modelo de simulacidén basado en una
funcién probabilistica de restablecimiento para
proporcionar proyecciones a largo plazo de la magnitud y
tasa de recuperacién de importantes reservas de peces.
Mientras que el restablecimiento anual es el principal
de los factores que afectan la recuperacidén, la edad de
primer restablecimiento es también una consideracidn
importante.

Los rendimientos simulados guardan correspondencia, en
el promedio, con las observaciones pasadas. Las
simulaciones pueden resultar Utiles para comparar el
desempefio observado de los reglamentos con los
resultados esperados de las simulaciones.

Pesome

[lons3sa Mep no COXPaHEGHHUIO 3akKioYaeTCA B
OCHOBHOM B BOCCTAHOBNEHUH UCTOWEHHEIX 34MaCOB Y
yBeJinyeHuy Bobuiosa. XesaTesbHO, UYTOOGB 3TH Mephl
OCHOBBIBRJIHCH HA  OXUJAEMBIX BEJIUYUHAX  TEMIIOB
BOCCTAHOBJIGHUSA 110 OTHOWEHUIO K HHTCHCHBHOCTH
NpOMbICJIA .

C 11€J1 biO MOJIY YCHHU A DOJNIIOCPOYHBIX NPOrHO308B
OTHOCMTEJIBHO YPOBHA M  TEMNa BOCCTAHOBJGHMHA
B aMHbIX PbIOHBIX 3anacos 6bura paspaboTraHa
UMHTAUUOHHASA MOAECNb, OCHOBAHHAA Ha
BEpPOATHOCTHOW &dyHKUMU TnonosiHeHus. B To Bpems,
Kak eXerojHoe [IONOJNHCHHUE  ABJAEGTCR  OCHOBHEBIM
dakTOpPOM, BIUAIIKUM H4 NOPOLECC BOCCTAHOBIACGHUA,
TAKKE O4YeHb BAaXHO YUYUTHIBAThL U BO3pacT HPH
NepBOM BXOXAGHUU B 0O6JIaBJIMBACGMBIH 3anac.

Nosny4ycHHbie c OMOM) bIO UMUTALUOHHOMN Mopenu
BECJIHYUHBI YyNOBOB B cpejiHCM COOTBETCTRBYIOT
CCNaHHBIM paHce HaAOMOACHUAM. 3ITU UMUTALUOHHLIE
MOAEGAYU MOTYT OKa3aThCH MOJIC3IHLIMU [PH CPABHECHUMY
Ha6JOaeMbIX  PE3YJIbTATOB NIpUMEHEHU  MEp c
OXMUJaCeMbIMY PE3YJIbTATAMH, NOJYYCHHBIMU C IHOMOU[bIO
WMUTAUHOHHEIX MoOjleJied.
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SIMULATION OF RECOVERY RATES OF FISH STOCKS IN
THE SOUTH GEORGIA AND KERGUELEN ISLANDS AREAS

I. INTRODUCTION

The Fish Stock Assessment Working Group concluded from analysis
completed at its 1986 meeting that the stocks at South Georgia Island
(Subarea 48.3) and Kerguelen Island (Subarea 58.5) have been depleted by
heavy fishing (Report of the Fifth Meeting of the Scientific Committee,
1986). N. rossii was deemed severely depleted, and the Commission agreed
that only small, unavoidable by-catches should be taken. The group also
estimated that the stock could be expected to increase at an approximate
rate of 30% per year with no fishing on it. C. gunnari and N. gibberifrons.

around South Georgia Island were also deemed to have been reduced to low

enough stock sizes to cause concern.

The Scientific Committee recommended that the Commission take steps
to ensure recovery of the fish stocks. Several options for action with
respect to C. gunnari and N. gibberifrons were put forward which included a

range from no fishing to limiting catch to the 85-86 season level. None of
the options proved acceptable.

This paper presents projections of the stocks and catch over the
next 20 years for the major species of concern at different fishing
mortalities. These projections provide estimates of the expected annual
rate of change of the stock sizes and yield.

Recruitment of new cohorts to the stock is the most important
factor determining the rate of recovery of the stocks. The 1986 Fish Stock
Working Group analysis provided some estimates of the sizes of past
recruiting year classes. The time series for estimates is rather short,
and the data upon which they were based rather poor. The effect of factors
such as stock size and environment on the size of recruiting year classes

is not known.
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The simulations provide a measure against which the actual results
of any recovery program can be compared.

II. METHODS

Because of the state of available data, we have taken a data-based
modeling approach. Annual recruitment is estimated from a probablistic
model. This is used in a simulation model which is otherwise
deterministic. The projections, in effect, represent samples from some
rather large universe of possibilities from which expected rates of

recovery and measures of variability are obtained.

In the model for projecting future fish stock size, natural
mortality and growth parameters may be assumed to not change much over
time, at least relative to the effects of recruitment. With these fixed
parameters, the recruitment and structure, stock size and yield for the
next year are calculated using the Murphy catch equation. The size of the
recruiting year class affects the future stock size far more than the -

growth and mortality factors, except for fishing.

1. Recruitment Function

The approach used in this paper is to fit a mixture of lognormal
distributions by a modified kernel method to recruitment data and to use
this distribution to generate observations for recruitment. The
nonparametric method employed is a variation of the kernel technique. The
distribution to be estimated is approximated by a mixture of lognormal
digtributions. There is one lognormal (known as a Kernel) for each
available observation. Each kernel is "centred" so that its geometric mean
is located at the corresponding observation. The logarithmic standard
deviation of the various kernels is known as the bandwidth. The bandwidth
was taken to be proportional to the geometric mean; i.e., the coefficient

of variation was constant.
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The central theme in application of kernel methodology is
determination of suitable bandwidth. Overly small bandwidths yield
estimated pdf’s whose graphs have a rough, jagged appearance. Excessively
large bandwidths smooth the probability mass over a wide interval, losing
most of the local features of the data. There is extensive literature on
kernel methods (Wertz and Schneider, 1979) and we will not here dwell upon
the technical aspects except to point out that bandwidth determination was
done through cross-~validation.

A universal recruitment model was fitted to pooled data consisting
of recruitment series for 18 fish stocks from various parts of the world
(Hennemuth et al., 1982). The pooled data were scaled to normalize
magnitudes which varied among species, and combined into a ‘single large
data set consisting of 325 observations. = The histogram of the combined
data set is shown in Figure 1. Superimposed .is the fitted kernel estimate.
The kernel fit, while generally acceptable, does exhibit:a leftward bias
for small year classes. We have been able to remove most of this bias by
using variable bandwidths. As noted, recruitment data for the South
Georgia and Kerguelen Islands area stocks are limited and could not be used
for direct fitting. ‘

In order to use this method of generating recruitment for the
present study, the recruitment curve was adjusted to the arithmetic mean of
the size of recruiting year classes of the South Georgia stocks. Figure 2
displays some of the frequency distributions of the size of annual
recruitment generated for the various simulation runs.

2. Age of First Recruitment

The ‘age of first recruitment to the fishery stock was determined by
analyzing the instantaneous f£ishing mortality rates from the VPA for each
year. The mortality rates of each age within a year were scaled from the
age of maximum mortality rate within that year to the lowest age of fish
caught. The estimated fishing mortality at age was rather variable from
year to year. The age of first recruitment was chosen based on the most




- 234 -

consistent significant catches of the younger age groups. The age of first
recruitment generally corresponds to 10% of full F. Table 1 displays the
initial age and average size in numbers of recruitment for each species.
The arithmetic mean of the size of the recruit was used to adjust the scale
of the generalized recruitment function. The arithmetic mean of all years
was used as the average of the size of the recruiting age groups. The age
of first recruitment derived from the VPA data was also used for the survey

analysis of one year’s data.

3. Simulation Model

The simulation model calculates, using the Murphy catch equation, a
time-series of catch and remaining stock sizes given various levels of
fishing and natural mortality, initial stock. size, and recruitment.
Recruitment was generated by the kernel method described in the preceding
paragraphs. The starting parameters used in this analysis are displayed in
the data section.

The output of the model includes stock size (numbers) and biomass,
catch numbers, and weight; averages and standard errors are also produced
for each of the 20-year runs. For each set of parameters, ten simulation
runs were made. The average of the ten runs for each year was also
calculated to show major trends. This average is not, however, a valid
measure of the expected yearly simulated values.

IIT. DATA

1. South Georgia

The VPA's used by the CCAMLR Fish Working Group (see Working Group
Report, SC~CAMLR-V/4), which included fisheries for N. rossii,
N. gibberifrons, and C. gunnari in South Georgia Island waters, were used

as one data base for age composition, recruitment, fishing and natural
mortality rates, initial stock size, and biomass. A second estimate of
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initial stock size, biomass, and age composition was based on 1987
US/Polish research vessel survey data, where biomass estimates were based
on swept-area calculations (Gabriel, 1987, SC-CAMLR-VI/BG/12, Rev.l).

Estimates of initial stock composition (numbers at age) were
calculated by averaging years 1983 and 1984 for all three species in the
VPA’'s. SURVAN, a groundfish survey analysis program, processed the 1987
research vessel survey data into biomass estimates and population estimates
by length. ' K.-H. Kock’s age/length table for N. rossii from South Georgia
in January/February, 1985- (SC-CAMLR-IV/BG/12) was applied to convert the
research vessel survey length data to population estimates by age.
Split-year Polish age/length tables from fishery catch samples were
available for N. gibberifrons : 76,77, 77,78, 78/79, 80,81, 81,/82; and
C. gunnari : 76,77, 77/18, 78/79, 80,81, 81,82 and 83/84. The annual
age/length keys for each of the two species were combined and normal curves

of ages were fit within each length interval to obtain estimates of
population numbers at age. A von Bertalanffy age/length equation was used
when the age/length keys did not cover the range of lengths. The parameter
estimates for von Bertalanffy’s equation came from the BIOMASS Scientific
Series No. 6, 1985, by K.-H. Kock, G. Duhamel, and J.-C. Hureau.

The terminal-year fishing mortality coefficients in the VPA’s were
used for the fully recruited age groups. A vector of partial fishing
mortality rates was developed from a multiplicative analysis of variance
model (1n F = 1n age + ln year) incorporating year and age effects which
was fit to a matrix of log F’s from the 1980-1984 VPA’s. The retransformed
vectors of age-specific coefficients were used as the partial recruitment
vector. The coefficient of determination (Rz) for the models for
N. rossii, N. gibberifrons, and C. gunnari was 0.897 and 0.599, and 0.740,

respectively.

Table 2 displays the final format of the data.
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2. Kerguelen

The VPA's estimated by Duhamel (1987, PhD. unpublished), for
N. rossii and N. squamifrons fisheries on the Kerguelen Island shelf, were
used to obtain the parameters for simulation (Table 3).

Estimates of initial stock composition (numbers at age) were
calculated averaging years 1982 and 1983 for N. rossii, and 1985 and 1986
for N. squamifrons in the VPA*s. The coefficient for determination (RZ)
for the models for N. rossii and N. squamifrons was 0.878 and 0.496,
respectively.

Iv. RESULTS

Graphs of the ten stock size projections and the mean for the
various species and fishing mortalities are presented in Figures 3 to 18
for South Georgia stocks and 19 to 22 for Kerguelen stocks. The averages
of the ten 20-year projections for the stock size and catch in numbers and
weight are given in Table 4 (South Georgia) and Table 5 (Kerguelen). It
may be useful to reiterate here that the higher F is the terminal F value
used in last year’s VPA's, and the lower is half that excepting N. rossii
at South Georgia where the highest F of 0.5 is taken from Saila et al. (MS)
(see SC-CAMLR-VI/3) analysis. The SURVAN projections are in units relating
to the Polish research vessel catchability factor which is obviously less
than that of the commercial vessels. One can compare only the relative
rates of change. '

1. Stock Recovery Rates

1.1 N. rossii
1.1.1 South Georgia

For the VPA-based projections at F = 0.089, the stock
size increases steadily to its peak at about 2.5 times
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the starting value in seven years; it doubles in five
years. For F = 0.177, the stock size increases to its
peak again at about 2.5 times the starting point in about
12 years; doubling in about seven years. For F = 0.55,
the stock does not exhibit any trend of recovery.

with the survey data, the stock declines by a third or
more for all F values in from six to eight years, after
which it stabilizes at the lower size.

1.1.2 Kerguelen
The VPA-based projections indicate that at F = 0.38 the
stock increases by a factor of 2 in about five years;
however, the recovery is only 1.7 times the ‘initial size

with F = 0.76.

N. gibberifrons (South Georgia)

The VPA-based projections ‘indicate that at F = 0.071 the stock
increases to about 2.8 times the initial size in ten years; it
doubles in about five years. At F = 0.142, the stock peaks at
about 2.5 times the initial size in 15 years and doubles in 11
years. For the survey data base, the stock increases slowly by
about 50% over the 20 years at F = 0.071, For F = 0.142, the
stock does not change significantly.

C. gunnari (South Georgia)

The projections for this stock do not indicate any recovery at
any of the fishing mortality coefficients for either of the data
sets. The mortalities are higher than those applied to other
species, as is the magnitude of stock size (note the different
ordinal scale on the plots).
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1.4 N. squamifrons (Kerguelen)

At F = 0.36, the stock almost doubles in five years and
increases slowly but continuously over the 20 years. For the
VPA-based projection at F = 0.72, the stock size increases to
about 2.3 times the initial value in five years.

2. Biomass and Yield Changes

The projections of stock biomass and yield for the same data sets
used to describe stock size trends are portrayed in Figures 23-29 (South
Georgia) and 30-31 (Kerguelen); the data are contained in Tables 4 and 5.

2.1 South Georgia

2.1.1 N. rossii

The trends in stock biomass are, of course, similar to
those of stock numbers, but the biomass doubles in less
time than it takes for the numbers of fish to do so.
This results from the increasing numbers of older fish
compared to the initial age composition. For the VPA
data set at F = 0.55, the catch peaks in about five to
nine years at a level double the initial yields;
thereafter it declines slowly. At F = 0.177, the yield
rises slowly, peaking in 15 years at about 5 times the
initial yield. At F = 0.089, the yield peaks at ten
years at 6 times the initial yield.

The survey data set indicates continuously declining
yields at F = 0.55, while at the lower fishing
mortalities the yield increases slightly at first, but
does not change significantly over the projection period.
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2.1.2 N. gibberifrons

As with N. rossii, the trends in stock biomass have a
pattern similar to that of stock numbers but with the
biomass doubling in less time.

The yields increase steadily to about 4 times the initial
yield at the end of the 20-year simulation, doubling in
four years for both mortalities.
For the SURVAN data set, the yields do not change.

2.1.3 C. gunnari
Projections from the VPA data set indicate immediate drop

in yields at both fishing mortality levels, followed by
increases in the 4-10-year period and further decreases

thereafter. Projections from the survey data base
illustrate highly variable changes in yield, but no
long-term trend at F = 3.5; a short-term increase by 2X
in six years, decreasing thereafter at F = 1.75; a
doubling in yield in 11 years at F = 0.875.

2.2 Kerguelen

2.2.1 N. rossii

The trends in stock biomass show a similar pattern to the
stock numbers. For the VPA data set at F = 0.76, the
yield peaks in six years at double the initial level;

- thereafter, it declines slowly. At F = 0.38, the catch
peaks in ten years at about 4.2 times the initial yield
and is followed by a small decline.
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2.2.2 N. squamifrons

The trends in stock biomass again show a similar pattern
to the stock numbers. The yields increase by a factor of
4 for F=0.72 and by 6 for F = 0.36 at the end of the 20
years simulated.

3. Summary of Trends

3.1

South Georgia

The entries in Table 6 summarize the points of reference for the
various projections. In general, for N. rossii and

N. gibberifrons, the stock size recoveries were larger for the

lower F’s used, and indicated recovery to over double the
initial size in from 8 to 15 years. Recovery of stock biomass
was relatively larger and faster. The survey-data-based
projections indicated recovery only for C. gunnari at lower F’s.
N. gibberifrons indicated no significant chaﬁges, while

N. rossii yields and population decreased at high F and did not
recover at lower F’s. The differences are likely due to the
fact that only the one year’s point was available for determinig
recruitment year—class size in the survey catchability units.

The accuracy is unknown. This applies as well to the numbers at

age for the initial population, but this is of less concern
since the simulation will tend to equilibrate after a few years.

The situation for C. gunnari is obviously different. The stock
does not recover but rather declines, except for the lowest
mortality in the SURVAN data set. The relatively high fishing
mortality is likely responsible. Another factor is that the
full mortality is applied from the age of recruitment, which
corresponds tb the pattern observed in the data. Perhaps a
marginally significant increase in yield would occur at F =
0.875.
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3.2 Kerguelen

The entries in Table 7 summarize the points of reference for
various projections. In the Kerguelen area, the stock size
recoveries are larger for the lower F's. At F = 0.38, the stock
size for N. rossii doubles in five years. Note that for

N. squamifrons, the higher F doubles in four years and the lower

F in ten years. However, the stock population over 20 years
remains relatively low and constant. If the maximum increase
factor for the high F is compared with the low F, there is a
relatively smaller change in stock size, but a significantly
larger change in the yield. The larger change in yield would be
due to the shift in the age composition.

V. DISCUSSIONS AND CONCLUSIONS

The results have defined, under the constraints of the fishing
mortality rates applied, the probable recovery rates of the stocks. It has
been demonstrated for the simulations based on the VPA data set for
N. rossii, N. gibberifrons, and N..squamifrons, that recovery within a
reasonable time period might indeed be expected. For C. gunnari, this is .
not the case. With the initial stock size and age composition taken from
the 1987 US/Polish research cruise data, the stock simulations indicated
less and slower recovery} some declined.

The major factors affecting the results are the recruitment and
fishing——both the level of F and the age at which it is applied.

1. Recruitment

The probability density function used, and the random year-by-year
selection from it, assume that the past average recruitment will continue,
and that the frequency distribution of various sizes of the recruiting year
class follow the "universal" set of data. In the simulation, stock size is
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not a directly dependent variable, but the historical set of observations
from which the pdf is derived would implicitly account for the influence of
the various factors. Use of the usual stock and recruitment relations,
however, would not much affect the results of the relative recovery rate.

2. Fishing Mortality

The F applied to the terminal year of the VPA’s (1985) was derived
from the Federal Republic of Germany’s 1985 survey results for the South
Georgia stocks. The VPA indicated considerably higher F’s in previous
years. Higher fishing mortality rates would certainly reduce the amount
and rate of recovery illustrated in the analysis. This is demonstrated for
N. rossii if the higher 1986 mortality rate in Saila et al. is applied.
Another aspect of fishing mortality is the distribution over the young
ages. This is demonstrated in the simulations for C. gunnari, where the
full F was applied to the recruiting year class. The stock declined and
both the stock size (and biomass) and yield illustrated large changes from
year to year; they were highly dependent on the size of the annually
recruiting year class. Past data indicate that for some years the other
stocks also had high mortalities on younger age classes.

The lack of data about the Kerguelen stocks before the
establishment of an Exclusive Economic Zone (1978) must be pointed out, but
from the beginning of exploitation (1970) to this date, high levels of
catch were reported and, hence, probably also mortality. The current
fishing rates have been reduced following the conservation measures (lower
F level or F = 0) and now the rate of recovery must be close to the
simulation model results.

- 3. Yields

The magnitude and pattern could change markedly from those
simulated, depending on the pattern of fishing. It may be noted that the
fluctuating yields of C. gunnari simulated here tend to be similar to past
observations.
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The application of a constant F and partial recruitment over the
years in the simulations is not what has been observed in the past
fisheries. Also observed is that fishing mortality is increased on large
recruiting yéar classes. The yield and population is most likely higher in
the simulations than in practice, because a constant F is the more optimal
method for longer-term yields.

The magnitudes of average annual yields from the simulations
(VPA-based) compared to the reported catches are given in Table 8.

The close correspondence of average simulated yield to average
observed catch cannot be used simplistically to validate the simulations,
nor to judge the correct magnitude of F. Because the simulations were
based on the VPA’s which are calculated from fishery data, the average
reported catches are not independent of the simulated yields. However, it
does provide an indication that if the input parameters are suitably scaled
to the commercial fishing practices, the recruitment model and the
simulations provide results which can be used to judge probable future
realizations.

The simulated yields point out the important result that the yield

per unit F is higher, particularly for C. qunnari, for the lower fishing
rates.
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Table 1. Initial age and numbers in millions of individual recruits
South Georgia Kergueien
Average Average
Recruitment Recruitment
Age VPA Survey Age VPA
N. rossii 4 4.152 0.151 5 1.725
N. squamifrons 7 1.189
N. gibberifrons 8 15.132 3.322
C. gunnari 3 228.540 260.218




~ 245 -

Table 2. Parameters used for simulation model (South Georgia)

Initial Stock Size (millions)

Age VPA SURVAN F Vector  Biomass (kg)
N. rossii
4 - - 0.3036 0.735
5 3.235 1.033 0.5228 1.526
6 2.299 0.903 0.6501 2.382
7 1.071 0.535 0.9664 3.090
8 0.285 0.255 1.0000 3.808
9 0.091 0.127 1.0000 4.430
10 0.071 0.051 1.0000 5.013
11 0.023 0.022 1.0000 5.586
12+ 0.006 0.029 1.0000 6.077

N. gibberifrons

8 - - 0.4496 0.331
g9 9.220 3.603 0.5807 0.433
10 4,102 3.598 0.6695 0.522
11 2.391 2.939 0.8597 0.578
12 1.651 2.070 1.0000 0.659
13 1.006 1.361 1.0000 0.708
14 0.877 0.769 1.0000 0.784
15 0.304 0.409 1.0000 0.877
16 0.000 0.214 1.0000 0.923
17 0.000 0.093 1.0000 0.999
18 0.000 0.037 1.0000 1.079
19+ 0.012 0.022 1.0000 1.124
C. gunnari
3 - - - 1.0000 ©0.132
4 60.985 20.844 1.0000 0.256
5 35.113 7.196 1.0000 0.359
6 8.853 2.432 1.0000 0.435
7 2.918 1.152 1.0000 0.480
8 0.836 0.745 1.0000 0.534
9 0.418 0.282 1.0000 0.582
10+ 0.626 0.191 1.0000 0.665
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Table 3. Parameters used for simulation model (Kerguelen)
Initial Stock Size Biomass
Age (millions) F Vector (kg)
N. rossii (KérgueTen)
5 - 0.1978 0.988
6 0.959 0.3662 1.490
7 0.483 1.0000 2.058
8 0.172 1.0000 2.672
S 0.121 1.0000 3.319
10 0.103 1.0000 3.975
11 0.051 1.0000 4.,632
12 0.038 1.0000 5.271
13+ '0.028 1.0000 5.897
N. squamifrons (Kerquelen)
7 - 0.0979 0.245
8 0.640 0.2278 0.349
9 0.420 0.3061 0.457
10 0.241 0.3210 0.549
11 0.118 0.4674 0.707
12 0.043 0.6418 0.846
13 0.012 1.0000 0.991
- 14+ 0.001 1.0000 1.142
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- Table 4. Average of the Ten 20-Year Projections for Stock Size in
Numbers (X 10-%) and Weight (X 1073)

Stock Catgh Stock Catch
Year Weight Weight (No's) (No's)

N. rossii VPA F = 0.177

1985 18,935 2:004 11.441 2.990

1986 24,454 O el 13.344 LI
ivaz 34,053 4,293 15,532 1,424
1558 42,097 5,497 15.590 1,548
1va9 48,721 4,558 18.741 2,148
1999 55,249 70513 21,142 2,347
1991 59,713 8,295 21,849 2,542
1992 b4, 645 2,499 25,405 2,744
1993 67,412 $.223 24,401 2,359
1594 69,213 9,448 25,111 2,893
1995 71,749 10,103 25,531 3,040
1994 7E570 10,22 26,417 3,055
1997 760771 10,381 30,424 3. 23¢
1998 §1.222 11,151 28,472 3,

1999 80,340 11,248 26,452 3,250
2000 80,181 11,425 26,4671 3,318
2001 74,125 10,669 24,071 3,004
2002 75,144 10,403 25,478 2,991
2003 73,373 10,395 24,555 2,949
2004 74,520 10,228 27,455 3,027

AVE 63.380 8.570

[
w

.110 2.640

N. rossii VPA F = 0.089

1985

1584

L.041 11,433 0,311

1,737 14.871 0.742

1ee7 2,544 14,582 0,237
1938 Z.414 20,3 1,143
123% 4,324 23, 1.37%
1780 5.128 24.443 rld
1991 S.838 27,372 1.48%
1922 L3279 27.912 1.773
1993 6.425 27,245 1.7275
F74 4,560 27,534 1.793
1995 6,311 25,561 1.7332
19¢4 L. A24 293,334 Le203
1997 5,256 23 1612
1598 J.944 25 1,889
1999 3.95%9 25 1,617
2000 G.554 23 1,530
2001 5.579 22 1.519

2002
2003
2004

AVE

5.666 24,119 1.548
5.411 22.508 1.477
5.636 25.292 1.546

5.130 23.260 1.460




Table 4 (continued)
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N. rossii SURVAN F =

0.177
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2000
2001
2000
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AVE

1287
1788
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Table 4 (continued)

Stock Catch Stock Catch
Year Weight Weight (No's) (No's)

N. rossii VPA F = 0.55

1985 12,85d S.472 2.74%
1784 246,134 7,401 3.9463
1987 306,228 ?.321 4,381
1788 33,217 10.475 4,422
1782 13.894 11,416 4,574
1970 A 504 li1.148 CALATE
1971 34,029 L1.119 4,474
1992 35,353 11.336 4,730
1993 24,201 11.412 4,410
1974 32,3237 10,945 4,097
1295 29,177 10,187 3.744
1994 28,658 §.3601 2,720
1997 28,128 7,234 T.4688
19978 27.830 8,787 12.9%1 L FL 529
19929 256,704 8.979 12,893 3.502
2000 246331 24645 132.023 ToAbG
2001 26,028 5.494 v 3,445
2002 26.718 3682 O P
2003 29.244 7174 4,028
2004 32,568 15,043 4,004

AVE 29.710 9.600 16.010 3.980

N. rossii SURVAN F = 0.55

1787 7 .54 2.57 T.08 .26
1588 L2 2.3 2,17 .74
1989 4.77 1.8 1.51 .55
1970 339 1.01 Y
1991 2,38 .72 .24
1992 1.75 ) .19
1593 1.%4 .4 .16
1394 1.10 .48 L1
1995 =7 .47 17
1594 Tk 47 13
15997 PG L1z
1998 .39 .11
1999 .8 L 10
2000 .78 L1O
O .75 L 10
2002 .79 .10

[\ ]
QOO
SO O
Ut W
« o
o o
U N

[\
o
(=3
[s))
[0
O

AVE 1.94 .69 .76 .23




Table 4 (continued)
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Stock

Catch

Stock

Year Weight Weight (No's) (No's)
N. gibberifrons VPA F = 0.142
LFRE 17.174 1,418 40,381 3,078
1984 214+5613 1.%208 44,180 2.831
1987 23,230 2.421 32,258 4,820
1988 30,901 2,037 40,774 S.9564
12892 23,582 3,493 L1.779 4,002
19990 35,877 2,804 &3,821 4,302
1991 38,5629 4,141 574,991 4,728
1992 42,785 4,544 7 2764 7,344
1993 446,307 4,872 glL. 4“9 7.834
1224 48,705 5.181 82,243 8,149
1995 49,209 5,378 280.894 3.214
1994 90.043 5,300 22.832 2,3%8
14997 49,411 S.427 83,242 3,381
1998 30,822 H.519 85,244 8,497
1799 54,902 5,790 5,273 2,195
2000 55+450 G909 24,855 301
2001 56,587 Lo100 P5.1&6 9. 457
2007 35.1446 &v138 88.785 ? i
2003 3,200 h,y044 22.521 3 3
2004 214 5.839 83.07% 2 : 3

AVE

43.430

4.620

N. gibberifrons VPA

(2,102
63.148

63.700
64.991

51.730

0,574
0,798
1,297
1.86%9
2.,111
2,17
2,708
2,599
3,208
3&'1 i
3,647
3,743
3,735
2,785
3,789
2,718
344650
32
48

w W w
« s e
~~1~J
[2)}

28]

2.940

F =

0.071

35,211
44,784
55,092
L654247
75.74¢
74225
30,247
BE . &28
87,174
74,887
FEL,7AL
100,540
100,259
79,347

1J1»325
?7.342
95,011
95.686
97.148
101.551

84.430

~O LA D e
3 iR o
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Table 4 (continued)

Stock Catch
Year Weight ‘Weight Stock Catch

N. gibberifrons SURVAN F = 0.142

1787 7.8 1.01 18.30 1.735
1788 10,65 1.17 19.13 1.688
1789 11.36 23 192.84 1.98
1920 11.63 19.40 1.99
1921 11.358 18.51 1.724
1992 11.26 19.1= 1.27
1993 11.95 19.23 1.97
1974 11.86 19.03 1.93
1993 11.82 18.31 1.8%9
1936 11.26 18.10 1.853
19327 10,62 16.82 1.73
1798 10,46 16.97 1.7=
17299 10,23 146.8% 1.72

2000 10.54 17.&63 1.74
2001 10.594% 17.6% 1.75
2002 10.87 18.34 1.81
2OO5 11,33 19.22 1.8%
2004 11.99 21.11 2,02
2005 12.17 20.92 2,05
Z004A 12,40 Z1.11 2.09

AVE 11.24 1.22 12,80 1.89

N. gibberifrons SURVAN F = 0.071

1587 . .52 1a. 1
1 11 535 21. 1.07
i 12.5 .71 21 i.12
H 12,98 .75 20,38 1.14
i 135, 3 LB21 20,28 1.13
i 14.24 .85 21.87% 1.20
1 15,32 . 28 24,17 1.324
i 15,42 . 87 2E.45 1,25
1 02 .88 22,14 1,22
17 = 21,28 1.20
1 1.15
195 1.10
199 1.12
200 1.10
2001 1.1%
2002 .8 1.320
2003 .91 1.33
2004 91 1.36
2005 .92 1.39
2006 .96 1.44

[
N
o




Table 4 {(continued)
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Year

Stock
Weight

Catch
Weight

Stock
(No's)

Catch
(No's)

C. gunneri VPA F = 3.50

43,974
23,8385
21.721
30,420
23.554
38,627

27.0%4
40,4693
303
D749

2,754
?
>

ot
-
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2,289
G394

G B2 G Gd e DLl R
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gunneri VPA F = 1.75

34.019
26.731
28.904

37.980

315,864
217,554
237,343
322,742
433,245
T

4

210.090
240.772

306.720

312,642
159,105
150,946
214,258
233,577
267,159
188,934
284,883
221,737
338,109
192,656
284,735
144,502
216,837
227,830
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Table 4 {continued)

Stock Catch
Year Weight Weight

i3
rt
8]
1
3
i
—+
=

C. gunnari SURVAN F = 3.5

1987 52.92 42.77 Z56.T4 II35.09
1788 =58. 26 =54,78 43%1.47 405.74
1982 42.99 40.473 I14.64 295.89
1990 453,46 21,09 Z01.25
1971 20,01 219.07 206,01
1992 25.18 184.84 173.82
17953 44,15 I272.70 Z10.04
1994 28.98 27.25 211,13 198.54
1995 28.87 27.15 213,26 200.54
1994 34.35 32.87 252,32 247.86
1997 40,45 8.04 299.80 281.92
1998 I 12 28,33 220,53 207,38
19929 75.40 70.20 S565. 47 S531.75
2000 .62 41,02 T16.1%2 297.27
2001 22.15 T0.24 235.54 221.31
ZO02 SACTR | 4,19 26%.01 252,97
2003 53,07 49,20 95,19 371.59
2004 H1.10 57.45 452.79 425.792
2005 477,05 40,47 314.58 295.82

2006 36.52 34,74 ZLB.51 252.50

AVE 42,08 39,57 T08.91 290, 45

C. gunnari SURVAN F = 1.75

1587 40.21 180 205,468
1788 283,54 .50
1989 48.10 IB.04
1970 . 70,33 5E.62
1991 L0. 19 47 .41
1972 TI.Z0 57.97
1923 L2272 49,461

1754 47.47 3R.13E
1993 46,64 FhH. 83
1995 40. 359 1.
1297 492,24 8.

207, 48
260,84

RO
s O L

S2.90 275.00
48,335 244,55

LS T

235,93
146,54
187.02

T
ooy

331.63
282.50
188.39

44,78
1,03
35.57
42,734
61.37
55.90
39.36

AVE 49.62 255.04
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Table 4 (continued)

Stock Catch
Year Weight Weight Stock Catch
C. gunnari VPA F = 0.875
1785 59,54 23. 520 I74.40 207.41
— . - - ;
17846 bha 5T IhH.84 EI0.57 183.0%
I Tl d Lo
lg?x &L ET 313,584 173,60
1788 44,18 I2B. AT 181.99
&5, 85 I38.8% 187.64
59.9%9 2BP.BE 14650.47

FR0. AT 160.92
IIO.L 40 182.94

e

1

1

1

1 7

1993 8é& 27F 20 154.59
1794 27 IbHl.41 200,10
1295 33 14 254,78
}Zzé 21 It 2%1.72
1977 41.12 7 20Z.85
32?8 40,581 08 205,46
1992 42,54 o 2T 221,11
2000 42,53 75 215.80

T8, 95 341,13 188.88
a0, 70 E75.39 207.83
EP. A4S Ib1.92 200,39

2004 4R, 47 434, &3 268,54
AVE 38,77 HER.S 198, 54

C. gunnari SURVAN F = 0.875

23,02 RIRT=T = 187. &0

so. 61
79,95 44,728 A7S.S56 . 26T.IL
80,07 44, 407,47 227,84
A&. 65 15 457,57 TETLIT
94, 4% 457,59 275.7
92,41 457,36 254,55
25, 24 415,22 229,90
2 792,73 217.45

G406 51 224,97
405,01 2ET.14
AEL. 567 1846.41
A77.18 274.%4

108,87 538,82 298. 54
&g, 7 400,09 221,52

357.03 197. 68
I9E. 07
TLb.1Z
278.89
338.64 187.50
331.56 183.58

413.65 229.03
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Table 5. Average of the Ten Z0-Year Frojections for Stock
Size in Numbers (i 10-6) and Weight (¢ 10-3)

Stock Catch
Year Weight Weight Stock Catch

N. rossii, Kerguelen F = 0.76

1984 5.79 2.04 T.47 .96
1985 5. 25 2.17 .84 1.09
1986 7.05 2.48 4,47 1.27
1987 7.94 2.74 5.0% 1.42
1988 G.74 .25 b.40 1.73
1989 10.57 .72 L.47 1.91
1990 10.54 4.18 5.98 2.03
1991 10.27 .98 5,92 1.88
1992 9.26 T. 464 =, 0% 1.67
1993 g8.8%9 T 4.97 1.564
1994 8.10 .11 4.48 1.42
1995 8.45 3015 5,05 1.51
1994 8.30 T.04 4,82 1.44
1997 2,30 IZ.23 4,77 1.55
1598 8.18 3,08 4,78 1.47
1999 8.71 .13 5.71 1.54
2000 B8.87 ILES 5.19 1.5
2001 9.17 .47 5.47 1.469
9.44 T.47 5.47 1.68
21 .57 5.2% 1.49
AVE 8.565 I.21 5.11 1.56
N. rossii, Kerguelen F = 0.38
1984 5.84 1.18 %.52 .54
1985 7.17 1.54 4,08 .71
1984 8.97 2,02 5,015 .95
1987 10.92 2.41 s.15 1.08
1938 12,55 2.74 b.4LT 1.28
1989 14,22 T.44 7.34 1.45
1990 15,91 .80 8.14 1.56
1991 H.5Z 4,15 7.8%2 1.45
1972 18,45 4,57 .59 1.83
1993 18,15 4,52 8.24 1.74
1954 17.88 4,97 7.71 1.88
1995 16.72 4.47 7.1%2 1.57
1996 15.79 4,15 6.77 1.46
1997 15.27 .57 b.b67 1.42
1992 14,70 .77 5,52 1.37
1799 14.4% 3,467 4,70 1.327
2000 14,62 F.64 4,81 1.38
2001 14.57 3.59 7.14 1.42
2002 14.81 3.75 6.87 1.45
2003 15.26 3.89 7.23 1.50

AVE 14.15 3.52 6.81 1.38




Table 5 (continued)

Stock
Year Weight

Catch
Weight

Stock

1387
1988
1989
1770
1291
1992
15923
1294
1995
199646
1997
1998
1999
2000
2001

2005

2004

AVE

1987
1788
1789
1990
1921
1992
199=
1994
1973
17946
1987
1998
1999
2000
2001

g

2
o

LOF

ww w '4 LA Gd G 0 G G R RY BRI ORI BRI BRI B e e e

.41
B0

13

S50

R0

.15
21
.29

s

=

Bl
.3

.60
. HO
6O
. 3h
Mt
.57
.97
.61
» 60
. G0
.62

b1

.02
.14

27

e
W

.4z

B
.47
.49
. S0
» 20
.49
.34
.37
.59
.55
.62

.44

2.15
2.03
I.46
4. 20
4.80
4.87
4.75
4.43
4.51
4.95
4,359
4.75
4.81
4.88
4.91
4.67

o= S
wtm Al

4.96
5.15

S.16

4.51

8

2. 20
. 50

.02

Bt

4,91
5.24

5. 20

35.28 .

= Ao
e at ot

=l

R w ]

5,29
5.90
5.72
S5.62
6. 82
&.T72
7.20
6.77
6.74

5.55

J———

L4400
.57
AT
.81
.0
.93
.92
.94

g

.71
.71
-5
.27
)
-7
27
1.01
1.00

L 20

.29

<45

e
. T

.52
¥4
. &7
=Yl
=1}
.70
73
72
.70
.77
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Table 6., Summary of standard reference points for projections
(South Georgia stocks)

Stock Size Yield

Species Data Set F 1 2 3 1 2
N. rossii VPA 0.55 1.6 7 - 2.1 4
0.177 2.7 12 7 5.8 15
0.089 2.4 7 4 6.4 11
SUR 0.55 *k *%
0.177 wk *
0.089 *k *
N. gibberifrons VPA 0.142 2.4 14 8 4.3 16
0.071 2.9 11 4 5.6 11
SUR 0.142 * *
0.071 1.5 20+ - *
C. gunnari VPA 3.5 *k ok
1.75 * *
0.875 * *
SUR 3.5 * | *
1.75. * 2 11
0.875 * 2 11

Maximum increase factor

Time to reach maximum--years
Time to reach 2X increase--years
No increase

** Actual decrease

% WO N
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Table 7. Summary of standard reference points for projections (Kerguelen)

_ Stock Size Yield
Species Data Set F 1 2 3 1 2 3
N. rossii VPA 0.76 1.7 6 * 2.1 6 *
0.38 2.7 8 5 4.2 10 3
N. squamifrons VPA (0.72 2.3 9 4 4.0 8 3
0.36 2.5 16 10 6.8 16 2
1 Maximum increase factor
2 Time to reach maximum--years
3 Time to reach 2X increase--years
* Nc increase
Table 8. Comparison of simulated and past reported yields.
Average Average
Simulated Reported
Stock F Yield Years Catch
N. rossii S. Georgia 0.550 9.6
0.177 8.6 72-85 4.3
0.089 5.1 76-85 5.7
Kerguelen 0.770 3.2 80-86 0.9
0.380 3.5
N. gibberifrons 0.142 4.6 76-85 4.7
0.071 2.9
N. squamifrons 0.720 0.5 79-86 5.3
0.380 0.4
C. gunnari 3.500 31.5 72-85 30.2
1.750 38.0 76-85 41.9
0.875 38.7
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Figure 3. Simulations of stock size (millions of fish) of N. rossii,

South Georgia subarea, F=0.55, based on VPA.
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Figure 4. Simulations of stock size (millions of fish) of N. rossii
South Georgia subarea, F=0.177, based on VPA.
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;;gure 5. Simulations of stock size (millions of fish) of N. rossii

South Georgia subarea, F=0.089, based on VPA.
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Figure 6. Simulations of stock size (millions of fish) of N. rossii,
South Georgia subarea, F=0.55, based on SURVAN.
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Figure 7. Simulations of stock size (millions of fish) of N. rossii,
South Georgia subarea, F=0.177, based on SURVAN.
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Figure 8. Simulations of stock size (millions of fish) of N. rossii,
South Georgia subarea, F=0.089, based on SURVAN.
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Simulations of stock size (millions of fish) of N. gibberifrons,
South Georgia subarea, F=0.142, based on VPA.
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Figure 10. Simulations of stock size (millions of fish) of N. gibberifrons,
South Georgia subarea, F=0.071, based on VPA.
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Figure 11. Simulations of stock size (millions of fish) of N. gibberifrons,
South Georgia subarea, F=0.142, based on SURVAN
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Figure 12. Simulations of stock size (millions of fish) of N. gibberifrons,
South Georgia subarea, F=0.071, based on SURVAN. ST
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Figure 13. Simulations of stock size (millions of fish) of C. gunnari,
South Georgia subarea, F=3.5, based on VPA.
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Figure 14. Simulations of stock size (millions of fish) of gunnari

South Georgia subarea, F=1.75, based on VPA.

- CLZ -



C. GUNNARI

2000.0
J

| VPA,F =0.875

1000.0 1500.0
| l

STOCK SIZE, MILLIONS

500.0

0.0

[

- €LC -

| — T T 1 | T s
1985 1987 1989 1991 1993 1995 1997 1999 2001
YEAR

Figure 15. Simulations of stock size (millions of fish) of QL”QEEEQEEL
South Georgia subarea F=0.875. based on VPA.
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Figure 16. Simulations of stock size (millions of fish) of C. gunnari,
Qrnth Genraia subarea. F=3.5. based on SURVAN.



_ C. GUNNARI

2000.0

SURVAN, F = 1.75

15600.0
|

STOCK SIZE, MILLIONS
1000.0

500.0

Lea
~

—-/

0.0

T I T T T I [ l I |
1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

YEAR

Figure 17. Simulations of stock size (millions of fish) of C. gunnari,
South Georgia subarea, F=1.75, based SURVAN. :
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Figure 18. Simulations of stock size (millions of fish) of C. qgunnari,
South Georgia subarea. F=0.875, based on SURVAN.
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Figure 19. Simulations of stock size (millions of fish) of N. rossii,

Kerguelen Island Shelf, F=0.76, based on VPA.
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Figure 20. Simulations of stock size (millions of fish) of N. rossii,
Kerguelen Island Shelf, F=0.38, based on VPA.
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Figure 21. Simulations of stock size (millions of fish) of N. squamifrons,
Kerguelen Island Shelf, F=0.72, based on VPA.
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Figure 22. SImulations of stock size (millions of fish) of N. squamifrons,
Kerguelen Island Shelf, F=0.36, based on VPA.
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Figure 23. Simulations of weight of stock and catch for N.rossii,
South Georgia subarea, F=0.55, based on VPA.
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Figure 24. Simulations of weight of stock and catch for N. rossii,
South Georgia subarea, based on VPA.
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Figure 25. Simulations of weight of stock and catch for N. rossii,
South Georgia subarea, based on SURVAN.
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Figure 26. Simulations of weight of stock and catch for N. gibberifrons,
South Georgia subarea, based on VPA.
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Figure 27. Simulations of weight of stock and catch for N. qlbberlfrons,
South Georgia subarea, based on SURVAN.
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Figure 28. Simulations of weight of stock and catch for C. gqunnari,
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Figure 31. Simulations of weight of stock and catch for N. squamifrons,
Kerguelen Island Shelf, based on VPA.
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Légendes des tableaux

Bge initial et effectifs en millions de recrues
individuelles.

Paramétres utilisés pour le modéle de simulation (Géorgie
du sud).

Paramétres utilisés pour le modéle de simulation
(Kerguelen).

Moyenne des dix projections sur 20 ans concernant la taille
du stock en nombre d'individus (x 1078) et en poids
(x 10 ~3).

Moyenne des dix projections sur 20 ans concernant la taille
du stock en nombre d'individus (x 1076) et en poids
(x 1073).

Récapitulatif des points de référence standard pour les
projections (stocks de la Géorgie du Sud).

Récapitulatif des points de référence standard pour les
projections (Kergquelen).

Comparaison des rendements simulés et des rendements
déclarés au cours des années passées.

Légendes des figures

Fonction de densité universelle de probabilité de
recrutement utilisée dans la simulation.
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poissons x 1076).

Simulations de la taille du stock {(millions de poissons) de
N. rossii, sous—zone de la Géorgie du Sud, F=0,55, basées
sur la VPA. .
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sur SURVAN.
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Simulations de la taille du stock (millions de poissons) de
N. squamifrons, plateau des Iles Kerguelen, F=0,36, basées
sur la VPA.

Simulations du poids du stock et de la prise pour N. rossii,
sous-zone de la Géorgie du Sud, F=0,55, basées sur la VPA.

Simulations du poids du stock et de la prise pour N. rossii,
sous—zone de la Géorgie du Sud, basées sur la VPA.

Simulations du poids du stock et de la prise pour N. rossii,
sous-zone de la Géorgie du Sud, basées sur SURVAN.

Simulations du poids du stock et de la prise pour
Notothenia gibberifrons, sous-zone de la Géorgie du Sud,
basées sur la VPA.

Simulations du poids du stock et de la prise pour
N. gibberifrons, sous-zone de la Géorgie du Sud, basées sur
SURVAN.

Simulations du poids du stock et de la prise pour
C. gqunnari, sous-zone de la Géorgie du Sud, basées sur
la VPA.

Simulations du poids du stock et de la prise pour
C. qunnari, sous—zone de la Géorgie du Sud, basées
sur SURVAN.

Simulations du poids du stock et de la prise pour N. rossii,
plateau des Iles Kerquelen, basées sur la VPA.

Simulations du poids du stock et de la prise pour

N. squamifrons, plateau des Iles Kerguelen, basées sur la
VPA.

Encabezamientos de las Tablas

Edad inicial y cantidades en millones de restablecimientos
individuales.

Parametros utilizados en el modelo de simulacidén (Georgia
del sur).

Parametros utilizados en el modelo de simulacidn
(Kerguelén).

Promedio de las diez proyecciones a 20 ahos para el tamafio
de la poblacién en nimeros (x 1076) y peso (x 1073).

Promedio de las diez proyecciones a 20 afios para el tamano
de la poblacién en nlmeros (x 1076) y peso (x 1073).

Resumen de los puntos de referencia estandar para las
proyecciones (reservas de Georgia del Sur).
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Resumen de los puntos de referencia estandar para las
proyecciones (Kerguelén).

Comparacién de los rendimientos simulados con los
presentados en anos anteriores.

Leyendas de las Fiquras

Funcioén de densidad de probabilidad de restablecimiento
universal utilizada en la simulacion.

" Frecuencias de restablecimiento generadas aleatoriamente

(N© de peces x 1076).

Simulaciones del tamafic de la reserva (millones de peces)
de N. rossii, subarea de Georgia del Sur, F=0.55, basadas
en el andlisis de la poblacién virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, subdrea de Georgia del Sur, F=0.177, basadas
en el ‘analisis de la poblacidn wvirtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, subarea de Georgia del Sur, F=0.089, basadas
en ‘el ‘andlisis de la poblacién virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, subarea de Georgia del Sur, F=0.55, basadas
en la SURVAN.

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, subdrea de Georgia del Sur, F=0.177, basadas
en la SURVAN.

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, subdrea de Georgia del Sur, F=0.089, basadas
en la SURVAN.

Simulaciones del tamafio de la reserva (millones de peces)
de N. gibberifrons, subarea de Georgia del Sur, F=0.142,
basadas en el anadlisis de la poblacién virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. gibberifrons, subarea de Georgia del Sur, F=0.071,
basadas en el andlisis de la poblacién virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. gibberifrons, subdrea de Georgia del Sur, F=0.142,
basadas en la SURVAN.

Simulaciones del tamafio de la reserva (millones de peces )
de N. gibberifrons, subadrea de Georgia del Sur, F=0.071,
basadas en la SURVAN.

Simulaciones del tamafo de la reserva (millones de peces)
de C. qunnari, subdrea de Georgia del Sur, F=3.5, basadas
en el analisis de la poblacién virtual (VPA).
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Simulaciones del tamafio de la reserva (millones de peces)
de C. qunnari, subarea de Georgia del Sur, F=1.75, basadas
en el analisis de la poblacidn (VPA).

Simulaciones del tamafno de la reserva (millones de peces)
de C. qunnari, subarea de Georgia del Sur, F=0.875, basadas
en el analisis de la poblacidn virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de C. gunnari, subdrea de Georgia del Sur, F=3.5, basadas
en la SURVAN.

Simulaciones del tamano de la reserva (millones de peces)
de C. qunnari, subarea de Georgia del Sur, F=1.75, basadas
en la SURVAN.

Simulaciones del tamafioc de la reserva (millones de peces)
de C. qunnari, subdrea de Georgia del Sur, F=0.875, basadas
en la SURVAN.

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, Plataforma de la Isla Kerguelén, F=0.76,
basadas en el andlisis de la poblacidn virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. rossii, Plataforma de la Isla Kerguelén, F=0.38,
basadas en el analisis de la poblacidn virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. squamifrons, Plataforma de la Isla Kerquelén, F=0.72,
basadas en el analisis de la poblacion virtual (VPA).

Simulaciones del tamafio de la reserva (millones de peces)
de N. squamifrons, Plataforma de la Isla Kerguelén, F=0.36,
basadas en el analisis de la poblacién virtual (VPA).

Simulaciones del peso de la reserva y de la captura para
N. rossii, subdrea de Georgia del Sur, F=0.55, basadas en
el andlisis de la poblacidn virtual (VPA).

Simulaciones del peso de la reserva y de la captura para
N. rossii, subdrea de Georgia del Sur, basadas en el
analisis de la poblacién virtual (VPA).

Simulaciones del peso de la reserva y de la captura para
N. rossii, subarea de Georgia del Sur, basadas en la SURVAN.

Simulaciones del peso de la reserva y de la captura pafa
Notothenia gibberifrons, subarea de Georgia del Sur,
basadas en el andlisis de la poblacidn virtual (VPA).

Simulaciones del peso de la reserva y de la captura para
N. gibberifrons, subarea de Georgia del Sur, basadas en la
SURVAN.

Simulaciones del peso de la reserva y de la captura para

"C. gqunnari, subarea de Georgia del Sur, basadas en el

analisis de la poblacidn virtual (VPA).
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Simulaciones del peso de la reserva y de la captura para
C. qunnari, subadrea de Georgia del Sur, basadas en la
SURVAN.

Simulaciones del peso de la reserva y de la captura para
N. rossii, Plataforma de la Isla Kerguelén, basadas en el
anadlisis de la poblacién virtual(VPA).

Simulaciones del peso de la reserva y de la captura para

N. squamifrons, Plataforma de la Isla Kerguelén, basadas en
el analisis de la poblacidn virtual (VPA).

3aroJioBki K TabauuaM

HavanpHpl# BO3pacT YU KOJUYECTBO (B MHIIMOHAX HMTYK)
ocobeil MONOJIHEHUS.

[lapaMeTpEl, HCHOJNL30OBAHHLIE NMPU MOCTPOEHUH
uMuTanuoHHO# Mopmenu (IOkHas Teoprus).

ﬂapameTpu, HCNOJIb3OBAaHHBIE NMPH NOCTPOEHUH

uMuTaluoHHONH mMopgesiu (Keprenen).

CpepHue BenuyvuHe fecATH 20-JIETHUX NPOIrHO30B s
pasMepoB 3allacoB - IIo KoauyecTBY (x10 -@ U Becy
(x10-9).

CpenHue Benmu4uHel fecsaTu 20-JI@THHUX NPOTHO3OB AMdA
pa3MepoB 3amacoB - mno konudecTBy (x10 -6 u Becy
(x10-9).

CeopHas Tabavla CTAHAAPTHBIX HCXOJMHBX NyHKTOB AJA
nporHo3op (3anace paikoHa OkHo#t I'eopruu).

CeoxHas Tabiula CTAHAAPTHBIX HCXOJHEIX NMYHKTOB AN
nporHosop (3amace Kepresiexa).

CPaBHeHHe MOJIYYeHHbBIX MMHTAILUOHHBIM MO[esMpOBaHUENM

ZJlaHHBIX 10 BeJidYKMHe YJIOBOB ¢ (PaKTHUYECKHUMH
BeJIMYMHHAMHK YJIOBOB B INPOIUIOM.
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YHMBepcaanaﬂ [MJOTHOCTHh pacnpepelieHUsa
BepOHTHOCTeﬁ AJIA NONOJIHEHHA, HCHoJib3yeMas B
HUMHTaALHOHHBIX MOOEJNAX.
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BruiSopo4HO o6pa3oBapHbie IpaduUKyU YacTOTH NOHOJHEHUS
(kon-Bo peI6 x 10 -Q.

HoJsyyeHHbE C TIOMOWbI0O MMHUTALUOHHOI'O MONENHPOBAHUSA
BeJIuKHb ob6bema 3amnaca (B MWIJKOHax ocobeli) mns
N. rossii, noppa#ion IOkuoit Teopruu, F = 0,55,
pacyeT OCHOBaH Ha VPA.

Nony4yeHHble C MOMOIBIO MMHTAHOHHOTO MOZENUPOBAHUSA
BeJiuuHbl o6bpema 3anaca (B MUJJIMOHaAX ocobeli) mnsa
N. rossii, nofpafion OxHo#t Teopruu, F = 0,177,
pacdYeT OCHOBAH Ha VPA.

HonyyeHHbe € NOMOI[LIO MMHUTAIMOHHOTIO MOLEJNIUPOBAHUA
BeJIHUWHL o6beMa 3anaca (B. MUJINIMOHaAX ocobeil) mna
N. rossii, noppaiioy OkHo#t TI'eopruu, ¥ = 0,089,
pacyeT OCHOBAH Ha VPA.

[lony4yeHHble C MQMOWLID MUMHUTALMOHHOTO MOLEJIUPpOBAHUIA
BeJIt4yiHH o6beMa 3anaca (B MUIJIHOHaX ocobeill) ans
N. rossii, moppaios IOxHoi I'eopruu, ¥ = 0,55,
pacyeT OCHOBAaH Ha SURVAN.

NonydeHHble C NMOMOILBO MMUTALMOHHOIO MOJEJIMpOBaHUSA
BeJiduuHbl o6beMa 3amaca (B MMANMHOHAX ocobel) ans
N. rossii, mnoppaioH IOkHo# Teopruu, F = 0,177,
pacyeT OCHOBAH Ha SURVAN.

TloNy4eHHble C [OMOI{bI0O MUMHTAILHOHHOI'O MOZEJIHPOBAHUA
Benu4YuHbl o6bemMa 3anaca (B MHJJUOHax ocobeil) Ansa
N. rossii, moppaioH IOkHo#i Teopruu, F = 0,089,
pacuyeT OCHOBaH Ha SURVAN.

MonydYeHHblE C NOMOIBIO UMUTAIMOHHOIO MORESIMPOBAHUA
BeJUYUHB oObeMa 3anaca (B MUNJIKMOHAX ocobei) pmusa
N. gibberifrons, moppaioH IOkuo## Teopruu, F =

0,142, pacyeT ocHoBaH Ha VPA.

HonyuyeHHble C MOMOHBIO UMHTALMOHHOIO MOJENHPOBAHUSA
BeJMuYMUHbl o6beMa 3amnaca (B MWIIWOHaxXx ocobeit) pans
N. gibberifrons, moppaitod IOkHo#t Teopruu, F =

0,071, pacuyeT OCHOBaH Ha VPA.

[Mony4yeHHble C TOMOMmbIO MMHUTAIMOHHOIO MOAENIMPOBAHUSNA
BeJIMYUHBE ob6beMa 3amnaca (B MWJAAHMOHAX ocobel) ans
N. gibberifrons, noppaiion IOkno#t Teopruu, F =

0,142, pacueT OCHOBaH Ha SURVAN.

TlonydeHHble C MOMONBI0 MMUTAHHUOHHOIO MOJENUPOBAHUSA
Benu4uHe o6beMa 3anaca (B MUNIHOHax ocobeil) ans
N. gibberifrons, nofpation IOxuoit T'eopruu, F =

0,071, pacueT OCHOBaH Ha SURVAN.

[Tony4yeHHble C NOMOWBIO WMUTALHOHHOI'O MOLENHMPOBAHUA
BeJIUYKMHL o0bema 3anaca (B MUINMOHaX ocobeir) png
C. qunpari, noppaion IOxHo#t Teopruu, F = 3,5,
pacyeT OCHOBAH Ha VPA.
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MosiyyeHHbEe C AOMOWbIO MMHTALMOHHOIO MOJAENMPOBAHUSA
BeJIMYMHE o6beMa 3amnaca (B MUWJIMOHAX ocobe#) ans
C. qunnari, nopgpaitoH IOxkHo#t Teopruum, F = 1,75,
pacyeT OCHOBAaH Ha VPA.

MlonyyeHHBle C HOMOH{BI0O MMHUTALMOHHOrO MOZEJIMPOBAHHA
BeJNIHYKHE o6beMa 3anaca (B MHJANHOHAX ocobel) mus
C. qunnari, nogpaioH IOkHo# T'eopruu, F = 0,875,
pacyeT OCHOBAH Ha VPA.

[TonyyeHHBie C MOMOL[BIO UMUTALMOHHOIO MOAEJNUPOBAHUSA
BeNnuYKHE o6beMa 3anaca (B MWIJIMOHAX ocobeill) ans
C. qunnari, nogpaiioH IOkHo# Teopruu, F = 3,5,
pacyeT OCHOBaH Ha SURVAN.

[lony4yeHHble C MNOMOI{LIO WUMHTALUOHHOIO MOZEJIMPOBAaHUSA
BeJiuuHel o6beMa 3amaca (B MUIUIMOHAX ocobel) ansa
C. qunnari, nogpaitioH IOkHo# Teoprum, F = 1,75,
pacuyeT OCHOBaH Ha SURVAN.

Nosy4yeHHEle C TOMOUILI0O MMHTALMOHHOIO MOAEJIMPOBAHUSN
BeJIMYKWHE o6beMa 3anaca (B MUJUIHOHaAX ocobel) ana-
C. qunnari, nogpaioH IOkHo# T'eopruu, F = 0,875,
pacyeT OCHOBAH Ha SURVAN.

[losiyyeHHBle C TOMOWBIO UMHTAUMOHHOIO MOLENIHpPOBaHUsA
BeNuYHHE o6beMa 3anaca (B MHJUIMOHAX ocobeli) ans
N. rossii, menrdp octpoBa Kepremneun, ¥ = 0,76,
pacyeT OCHOBAaH Ha VPA.

[TosiyyeHHEle C NOMOI(BI0O WMUTALMOHHOIO MOJIEJIMPOBAHKHA
BeJIMUMHE o0beMa 3amnaca (B MHJUJIMOHaX ocobeli) mis
N. rossii, mensd octpoa Kepremeu, F = 0,38,
pacyeT OCHOBaH Ha VPA.

flony4yeHHbe C TOMOWBIO MMUTALMOHHOIO MOLEJNIMPOBAHUSA
BeJiiuuHel o6beMa 3anaca (B MUILIMOHAX ocobe#t) pus
N. squamifrons, mweJipd octpoBa KepreneH, F =

0,72, pacyeT OCHOBaH Ha VPA.

llony4YeHHble C TOMONBI0O MMUTANWOHHOI'O MOJENHPOBAHUSNA
BeJinyuHel o6beMa 3anaca (B MUJUIMOHAX ocobeit) Juis
N. squamifrons, menbd octpoBa Kepresen, F =

0,36, pacueT OCHOBAaH Ha VPA.

[fosly4yeHHble C TOMOIIBLIO UMUTAILMOHHOTO MOJEJHPOBAHUA
BEeJIMYMHE AJIT Beca 3anaca ¥ [JA yJioBa N. rossii,
noxpation lOkHo#t T'eoprum, F =.0,55, pacuer

OCHOBaH Ha VPA.

[ToniydyeHHble C NOMOU[bI0O MMUTALMOHHOI'O MOJAENHPOBAHUA
BEeJIMYMHBE IS Beca 3anaca ¥ AasA yJopa N. rossii,
noxppavion IokHo#t T'eopruu, pacuyeT OCHOBaAH Ha VPA.

[Tony4eHHBle C MOMOWMLIO HUMUTALUOHHOT'O MOAESNMPOBAHUSA
BEJIMUMHL AJiA Beca 3anaca ¥ JAnsA yJjoBa N. rossii,
noppaiion I0xHo#i Teopruu, pacyeT OCHOBAH Ha SURVAN.
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[lostyyeHHBle C TNMOMONIBIO UMMTALUOHHOI'O MOAEJSIMPOBAHUS
BEJIHYUHB [Jig Beca 3anaca U AJas yjgoBa Notothenia
gibberifrons, mnogpafion IOkHo# Teopruu, pacuer
OCHOBAH Ha VPA.

[TonyueHHble C [MOMOM{LIO UMUTAIMOHHOIC MOJENUPOBAHUSA
BeJIMUMHH JJNiA Beca 3anaca W AJsA yJoBa N.
gibberifrons, noppailiod IOrHo# I'eoprum, pacuer
OCHOBAH Ha SURVAN.

MTonydeHHbEe C MOMOIBIO UMHTALMOHHOTO MOAENUPOBAHUSA
BEJIMYUHB [JIst Beca 3amnaca ¥ JNA yJoBa C. qunnari,
noppafion IOkHo#t T'eopruu, pacyeT OCHOBAH Ha VPA.

MMonydyeHHsle C MOMOHBIO MMMTALWOHHOI'O MOJEJMPOBAHUS
BEJIUYUHL [JIA Beca 3anaca W Aas yJoBa C. qunnari,
noppaiion IOxkHo# Teopruu, pacyeT OCHOBAH Ha SURVAN.

[lonyyeHHble C MOMOU[LI0 UMUTALHOHHOTO MOZEJIMPOBAHUA
BEeJIMUUHB JUIA Beca 3amaca ¥ Jns yJjnoBa N. rossii,
wesip ocrposa KepreneHn, pacyeT OCHOBaH Ha VPA.

MonyuyeHHbE C NOMONBIO MMUTALMOHHOTO MOJAEJNUPOBAHUS
BEJIMUMHL JJIf Beca 3amaca W JJis yJoBa N.
squamifrons, meJsird ocrposa Kepremen, pacuer
OCHOBaH Ha VPA.



