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Abstract

The effects of a number of harvesting strategies on the mackerel
icefish (Champsocephalus gunnari) have been simulated for a period
of 30 years. These were:

« different levels of constant fishing mortality (Fo.1, Fmaxs 2XFmax);

« harvesting constantly at 50% Fyy with F increasing three or
five years after a good recruitment;

» pulse fishing at an interval of three years with no fishing in
between; and

« changes in net selectivity resulting in a shift in partial
recruitment.

For the projections, recruitment was assumed to follow the historical
pattern.

Puise fishing proved to be the least preferable harvesting
alternative. In the absence of regular recruit surveys constant
fishing at Fo 1 is most likely to be the most profitable and least risky
harvesting strategy at present. The establishment of a regular
recruit survey would offer the possibility of adjusting constant
levels of fishing mortality to the strength of the incoming year class.
An increase of F, however, should not occur earlier than four years
after a good recruitment. A forward shift in partial recruitment
values would not alter yield significantly when fishing at Fg 4 and Fpax
but would lead to a higher spawning stock biomass.

PesoMe

Brro BBIITOJIHEHO MaTeMaThyeckoe MO /leJIHPOBaHNe
BO3ZIEHCTBUS  pPa3/UUHBIX T[POMBICJOBBIX CTpaTervii Ha
aHTapKTHUECKyw JeAsiHyw pbi6y (Champsocephalus gunnari) Ha
npoTspkeHud 30 Jset, PaccMaTpUBaJIUCh cieyRliHe cCTpaTeruu:

* Ppa3JIMUHbIE€ ITOCTOAHHbBIE YDOBHU l’IpOMbICJ’IOBOﬁ CMEPTHOCTU
(F0.1: F:max: 2XFmax);

* NpOMbBICEJ Ha MOCTOSHHOM YypoBHe B 50% Fy 4 npu
nopbllieHUU F uepes 3 roga uJM 5 JieT nocJse BCTYNJIEHHUS B

3a1ac MHOI"OUUCJIEHHOI'O MOIOJHEHUS,

« NyJbCUPYWIUI NpPOMbICEJ] C UHTEPBAJIOM B 3 roja IMpu
OTCYTCTBHUU NPOMBIC/IA B TPOMEXYTKAX;
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» U3MEHEeHHe CeJIEKTUBHOCTU CeTeld W CBSA3aHHOE C 3THM
HW3MEHEeHHE HaCTHUUHOI'o INOINoOJIHEHU .

IIpu MOZIeIMPOBAHUU MONOJHEHUE 6bIJIO MPUHSITO 32 O6bIUHOE,

Iy abcupyomui IIpoMbiceJ SIBJISIETCS MeHee
NpeANOoUTUTEJNbHBIM BapHaAHTOM [POMBICJIOBONH CTPATErHu.
BepossiTHO, 4YTO B OTCYTCTBUE  DperyJsipHbIX CbeMOK
MOMOJIHEHNsI TPOMbBICEJl Ha TOCTOSIHHOM YpoBHe Fg1 B
HacTosllee BpeMsi 6yzeT HauboJiee BLI'OJHOM U HalMeHee
PHUCKOBaHHONH  IPOMBICJIOBOH  cTpaTerven. PeryJsipHoe
IIpoReZleHHE ChEMOK IONOJHEHUSI NPEJOCTABUT BO3MOXHOCTDb
peryJvpoBaThb INOCTOsIHHbIE YPOBHHU IMPOMBICJIOBOM
CMEPTHOCTH B COOTBETCTBHMM C MOIHOCTbIO BCTYIIAKI[ErO B
NnomnoJiHeHHe roJoBoro kJjacca. TeM He MeHee, F He AoJ/pkHO
[IOBBIMATHCS paHee, UeM uepe3 UYeThlpe Troja Iioclie
MHOI'OUHCJIEHHOTIO nomnoJHeHust, CABUI BIepea 3HaueHUM
YaCTUUHOIO MOMNOJIHEHUS] HE U3MEHUT obbeMa BblJIOBa NPH Fq 1
U Frax, B 3HAUMTEJbHOU Mepe, HO MpPHUBEAET K YyBeJUUEHUI
61loMacchl HEpeCTYy VI ero 3aaca.

Résumé

Les effets sur le poisson des glaces (Champsocephalus gunnari) d'un
certain nombre de stratégies d'exploitation ont été simulés pour une
période de 30 ans. Ces stratégies sont:

» des niveaux différents de mortalité par péche constante (Fg.1, Fmaxs
2 X Frax);

» une exploitation constante a 50% de Fg 1 avec une augmentation de
F, trois ou cing ans aprés un bon recrutement;

« une péche par a-coups a intervalles de trois ans, sans aucune
péche dans l'intervalle;

« des changements de sélectivité des filets ayant pour résultat un
changement du recrutement partiel.

Pour les prévisions, le recrutement était censé suivre le modéle
historique.

La péche par a-coups s'est avérée la solution la moins souhaitable.
Faute de campagnes d'évaluation réguliéres des recrues, il est
probable que la péche constante a Fg soit la stratégie d'exploitation la
plus profitable et la moins hasardeuse a présent. L'établissement
d'une campagne réguliére d'évaluation des recrues offrirait la
possibilité d'ajuster les niveaux constants de mortalité par péche a
l'importance de la nouvelle classe d'dge. Une augmentation de F,
cependant, ne devrait avoir lieu qu'un minimum de 4 ans aprés un
bon recrutement. Une augmentation des valeurs de recrutement
partiel ne changerait pas de beaucoup le rendement de péche a Fg 4 et
Fmax, Mais entrainerait une augmentation de la biomasse du stock
reproducteur.




1. INTRODUCTION

Since 1976/77 the Antarctic icefish Champsocephalus gunnari has become the
dominant species in the fishery around South Georgia. Catches were highest at about 93 000
tonnes, 210 000 tonnes and 105 000 tonnes in 1976/77, 1982/83 to 1983/84 and
1986/87 to 1987/88 respectively. During 1976/77 when the fishery was at its first
peak 4 and 5 year old fish were the major component of the catch. Stock size is now strongly
dependent on the strength of the incoming cohort and the fishery is currently based on age
classes 2 and 3 of which age class 2 is not yet fully recruited.

Recruitment is the most important factor determining the size of the population.
However, no regular recruit surveys (e.g. on age class 1) have been carried out to estimate
the strength of the incoming year class. Advice on the total allowable catch (TAC) in the
following season is largely dependent on the abundance estimate of age class 2 derived from
Virtual Population Analysis (VPA). Historical recruitment has varied by a factor of up to
19 between seasons. Short-term catch predictions based on mean recruitment values are
thus only of limited value (Kock and Kdéster, 1989).

In its Report of the Seventh Meeting, CCAMLR requested its Scientific Committee to
provide advice on management options and their consequences for heavily exploited fish
stocks. Such advice should consider, inter alia: the likely trajectories of catch and spawning
stock biomass under different patterns of fishing mortality including:

» different constant levels of F including Fg 1; and
» a complete ban, or a low value of F for a short period followed by a higher level.

The Commission further noted that its decisions in respect to fisheries management
would be facilitated by alternative management recommendations and their consequences for
each of the fisheries requiring management. This should include, beside TACs for the
current season, a forecast for catch levels in the following season based upon realistic
assumptions about fishing mortality and recruitment (CCAMLR, 1988a, p. 26-27).

In the following we have tried to demonstrate the effect of some of the harvesting
strategies mentioned above in the stock of C. gunnari around South Georgia. The effects of
factors such as stock size, spawning stock size and environment on the size of the recruiting
year class are presently not known. We have therefore used the historical recruitment
pattern for our simulations. Hennemuth et al. (1987) used a probabilistic model based on
recruitment series of 18 fish stocks from various parts of the world in their analysis of
South Georgia fish stocks.

2. MATERIAL AND METHODS

Simulations of catch and spawning stock biomass (SSB) under different potential
harvesting regimes reflecting the Commission's requests were performed for a period of
30 years (1988/89 to 2017/18) using the ICES Standard Prediction Program (Anon.,
1981). Input data such as the preliminary catch and the actual stock size in 1988/89,
partial recruitment to fishing mortality values, estimates of natural mortality, maturity
ogives and weight-at-age values were those used by Kock and Kdoster (1989) for their
short-term projections (Table 1). Future recruitment was assumed to follow the historical
pattern as has been derived from Virtual Population Analysis for the period 1971/72 to
1984/85 (Figure 1) (Kock and Koster, 1989). Growth, maturity, natural mortality and
partial recruitment had been assumed not to change over the 30 years.
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The first harvesting option included different levels of constant fishing mortality at
Fo.4 (0.252), Fnax (0.596) and 2xFnax (1.192) (Kock and Koster, 1989) throughout the
whole period (1 a, b, ¢).

The second option was harvesting constantly at 50% Fg 4, with an increase of F three
years after a good recruitment of age class 1 (> 900 x 108 individuals) had been observed.
The increase in fishing mortality was adjusted not to exceed the cumulative values of Fy 4
(7.308), Fnax (17.284) and 2xFnax (34.569) for the 30 year period (2 a, b, c).

The third option differed from the second option by a delay in the increase of F to five
years after a good recruitment (3 a, b, c).

The fourth option simulated the effects of pulse fishing at an interval of three years
without any harvesting in between (4 a, b, c).

Mesh size regulations as a means of protecting juvenile fish and first spawners of
C. gunnari is under debate in CCAMLR at present (CCAMLR, 1988b; Kock, 1989). A change
in net selectivity either by an increase of mesh size and/or the introduction of different
mesh types (e.g. square meshes) is likely to occur. This would result in a change in the
exploitation pattern. We have therefore simulated the effect of decreased partial
recruitment of the youngest age classes by shifting the age-specific mortalities from the VPA
one year forward. Partial recruitment values were recalculated for a reference F averaged
over age classes 4 to 8 (Table 2). In order to keep results easier to understand we have only
presented results for Fqy ¢ (recalculated option 1a) and F,,,« (recalculated option 1b) here.

3. RESULTS

Catch and spawning stock biomass projections for different harvesting strategies are
presented in Figures 2 to 15. Key results for each projection are given in Table 2. These
are: the cumulative catch over the 30 year period; the average spawning stock biomass with
corresponding coefficients of variation (CV); and the number of years with a spawning stock
biomass of less than 100 000 tonnes, of less than the 1988/89 level of 53 400 tonnes and
of less than the lowest spawning stock biomass recorded of 24 800 tonnes.

3.1 Variation of Catch and Spawning Stock Biomass Estimated
for Different Harvesting Strategies at Constant Levels of F

Cumulative catch is lowest when harvesting is carried out constantly at 50% Fy 4 with
an increase of F three years after a good recruitment (option 2) (Table 3). Cumulative
catch is highest at the same level of F but with an increase of F five years subsequent to a
good recruitment (Table 3). Pulse fishing at an interval of three years (option 4) resulted
in a cumulative catch higher than that for option 2, but lower than that obtained when
fishing constantly at Fo4 and Fax (option 1) (Table 3).

The lowest average spawning stock biomass is observed at a cumulative F of 7.308 for
option 3. Both other levels of F for the same option, however, result in the highest average
spawning stock biomass (Table 3). The high coefficients of variation within option 3 a, b, ¢
are due to an increase in spawning stock biomass up to 290 000 tonnes when fishing at 50%
of Fg4 until five years after a good recruitment. After the increase of F to a level of 0.735,
however, spawning stock biomass drops substantially to less than 125 000 tonnes
(Figure 4). At a cumulative level of F of 17.286 spawning stock biomass will decrease to
less than 100 000 tonnes in 16 of the 30 years. In five out of the 30 years it would even
fall below the 1988/89 level (Figure 8). At a cumulative level of F of 34.569 spawning
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stock biomass would be less than the 1988/89 level in even 10 out of 30 years. This would
include two years with spawning stock biomass below the lowest observed level of
24 800 tonnes (Figure 12).

The highest spawning stock biomass is achieved when fishing is carried out constantly
at Fp.1 (option 1a). Both other levels of F within option 1, Fax and 2xF.y, lead to the
lowest average spawning stock biomass (Table 3). In contrast to option 3, the coefficients of
variation in option 1 are considerably lower. At a cumulative F of 17.286 (option 1b)
spawning stock biomass is expected to fall below 100 000 tonnes in 12 years out of 30
including five years when spawning stock biomass will fall below the 1988/89 level
(Figure 6). At a cumulative F of 34.569 (option 1c) spawning stock biomass will fall below
the 1988/89 level in eight out of 30 years including two years below the lowest spawning
stock size observed (Figure 10).

Fishing constantly at 50% Fy 4, with an increase in F three years after a good
recruitment (option 2) and pulse fishing (option 4), result in average levels of spawning
stock biomass with the lowest coefficients of variations for option 2 compared to relatively
high CVs for option 4 (Table 3). Consequently, option 2 leads to the lowest number of
extreme spawning stock biomass estimates. At a cumulative level of F of 17.286, for
example, spawning stock biomass would never fall below the 1988/89 level (Figure 7). At
the same level of F, pulse fishing (option 4) would result in a spawning stock biomass to be
less than the 1988/89 level in four out of the 30 years including one year with a spawning
stock size below the lowest observed value (Figure 9).

3.2  Variation of Caich and Spawning Stock Size
Estimated for Different Levels of F

The cumulative catch is 904 000 to 922 000 tonnes at Fq 4 (options 1a, 2a, 3a, 4a;
Table 3), 1 039 000 to 1 160 000 tonnes at F,,x (options 1b, 2b, 3b, 4b; Table 3) and
1044 000 to 1 175 000 tonnes at 2xF., (options 1c, 2¢c, 3¢, 4c; Table 3) respectively.
Under constant mortality policies (option 1) fishing at F,,.x gives a higher catch than F; y and
2xFmax (1 074 000, 922 000 and 1 073 000 tonnes). However, if fishing mortality
varies from year to year within the same cumulative total, the picture changes. The highest
fishing mortality (2xFnax) will then give the highest catches, especially if fishing is timed
to increase five years after good recruitment.

The corresponding average spawning stock biomass is 168 000 to 172 000 tonnes at
Fo.1, 105 000 to 125 000 tonnes at Fy .« and 69 000 tonnes at 2xF,.x respectively (Table
3). Average spawning stock biomass is thus 26 to 39% at F,.x and 36 to 60% at 2xF,ay
lower than spawning stock size at Fg 4.

3.3  Variation of Catch and Spawning Stock Biomass
for Different Sets of Partial Recruitment Values

Variation of catch and spawning stock biomass due to changes in partial recruitment
(= net selectivity, option 5) for harvesting at Fo4 and F,ax constantly are shown in Figures
14 and 15.

For harvesting at Fy ¢ the cumulative catch will be reduced by 4% to 886 000 tonnes
if partial recruitment is shifted by one year forward from the present stage. Average
spawning stock biomass, however, will increase by 19% to 206 000 tonnes (Table 3). For
fishing at Fnax the cumulative catch will increase by 2% to 1 094 000 tonnes and spawning
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stock biomass will be raised by 38% to 145 600 tonnes (Table 3). The coefficient of
variation will slightly increase after the change in partial recruitment. Spawning stock
biomass, however, will be continuously higher throughout the 30 year period (Figures 14
and 15). Consequently, fishing at Fp,a, will never reduce spawning stock biomass below the
1988/89 level.

4. DISCUSSION

With the exception of fishing, it is the size of the recruiting year class that effects
the future stock size of C. gunnari around South Georgia far more than changes in growth,
maturity or natural mortality (Hennemuth et al., 1987; Kock and Koster, 1989). Maturity
and weight-at-age had not changed significantly in the course of the fishery (Kock, 1989,
Kock and Koéster, 1989). For this reason we assumed for our projections of future catches
and spawning stock size that growth, maturity and natural mortality would not change over
time. Partial recruitment values have been assumed to remain constant as well. However,
as partial recruitment values are likely to change over a 30 year period of time due to
alterations in the fishery, we have investigated that effect in a separate set of simulations by
shifting partial recruitment values one year forward.

The aim of our simulations has not been to model or predict future recruitment, but
to assess the effect of different harvesting strategies on a stock with highly fluctuating
recruitment.  Historical recruitment derived from VPA analysis has followed a cyclic
pattern (Kock and Koster, 1989) which seemed to be largely independent of spawning stock
size. We have therefore assumed that future recruitment will follow the historical pattern
instead of applying randomly fluctuating recruitment values estimated from a probabilistic
model to our data (see Hennemuth et al., 1987). It is obvious that this should have affected
our results, as yield from a series of good year classes should be higher that from a single
one. On the other hand a series of poor year classes would likely result in a reduction of
spawning stock biomass below the level derived from randomly fluctuating recruitment
values.

Article I, 3a of the Convention for the Conservation of Antarctic Marine Living
Resources states that “Any harvesting [....] shall be conducted in accordance [....] with the
following principles of conservation:

prevention of decrease in the size of any harvested population to
levels below those which ensure its stable recruitment. For this
purpose its size should not be allowed to fall below a level close to
that which ensures the greatest net annual increment.” (CCAMLR,
1988). A

No stock-recruitment relationship seems to be apparent in C. gunnari around South
Georgia. It is likely, however, that a larger and relatively stable spawning stock would
minimize the risk of recruitment failure, in particular since spawning stock sizes derived
from VPA analysis tend to overestimate the number of fish actually spawning (Kock, 1989).
We have used estimates of average spawning stock biomass, their corresponding coefficients
of variations and the number of years when spawning stock size was below a certain level
(see Table 3) as a measure of overall level of spawning stock biomass and spawning stock
‘stability’.

Of all the options studied, fishing at constant Fg 4 (option 1a) would result in the
second largest cumulative catch and a high and relatively stable spawning stock. Fishing at
higher levels of constant F (F,. and 2xFax, options 1 b, ¢) would produce average
cumulative yields and an average stability relative to the other options.
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Harvesting at a low constant level of F (50% Fo 1) and an increase of F three years
after a good recruitment (option 2) would result in the lowest cumulative yield of all
options, the highest stability of the spawning stock and an average spawning stock size
relative to the other options.

Fishing at a constant level of F of 50% Fg 1 and an increase of F five years after a good
recruitment (option 3) would result in the highest cumulative catch of all options coupled
with a relatively low stability of the spawning stock.

Pulse fishing (option 4) would produce an average cumulative yield with the lowest
stability of all options. Spawning stock size would be at an average level.

Throughout all options fishing at Fp,ax would produce a cumulative yield 15 to 19%
(= 4 500 to 6 000 tonnes per year) higher and an average spawning stock biomass 26 to
39% lower compared to fishing at Fo 1. Harvesting at 2xF,.x would increase cumulative
yield by 16 to 22% (= 4 700 to 6 600 tonnes per year) and reduce average spawning stock
biomass by 36 to 60% compared to fishing at Fy 4. Stability of the spawning stock would
decrease with increasing cumulative F.

Shifting of partial recruitment values one year forward as a result of changes in net
selectivity would produce a reduction in cumulative catch by 4% and an increase in spawning
stock biomass by 19% relative to the present values when fishing at Fq 4. If harvesting is
maintained at F=0.596 (the present value of Fa,) then shifting partial recruitment values
one year forward will increase cumulative yield by 2% and spawning stock size by 38%
relative to the present partial recruitment values.

No regular fishery-independent recruitment surveys have been carried out around
South Georgia so far. Information on age class 1 is only available from the VPA and is known
to have a high degree of uncertainty, at least for the most recent years in the VPA.

In the absence of any reliable prediction of the strength of the incoming cohort from
fishery-independent sources (surveys, recruitment models) the application of a harvesting
strategy with a constant low F (50% F, 1) and an increase of F three years after a good
recruitment (option 2) seems to have little meaning at present.

Abundance estimates of age class 1 from the VPA four years after recruitment (to
establish a TAC for five years after a good recruitment) are likely to be more reliable than
after two years. This seems to favour option 3. However, this estimate is still entirely
based on fishery-dependent information. Any false prognosis would further destabilize the
spawning stock which is already less stable than predicted for options 1 and 2.

Pulse fishing had been mentioned as one potential alternative strategy in harvesting
Antarctic finfish (Gulland, 1983). Pulse fishing at a three year interval (option 4) would
destabilize the spawning stock most, but would only produce average cumulative yields.

In the present state, fishing at a constant level of F is likely to be the most meaningful
and least risky harvesting strategy for C. gunnari around South Georgia. The most
appropriate level of F seems to be Fy4. Fishing at F,ax would produce an annual catch which
is only 3 000 tonnes higher relative to fishing at Fp; but an average spawning stock
biomass which is 39% less than at the Fy ¢ level. Spawning stock biomass would fall five
times below the 1988/89 level, which may bear additional risks for recruitment failure.
Fishing at a high spawning stock biomass would be more renumerative (in
catch-per-unit-effort) than on a low spawning stock biomass.
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A cautious increase of F beyond the level of Fy 4, however, seems to be feasible if net
selectivily experiments are able to demonstrate that an increase in mesh size and/or the
introduction of new mesh types would lead to the forward shift in partial recruitment values
assumed in our simulations.

After regular fishery-independent recruitment surveys have been established to
predict the strength of the incoming cohort, an adjustment of F values to the recruitment of
good (or poor) year classes (options 2 and 3) should also be practicable. Fishing mortality
should be increased later than three years after a good recruitment (option 3). An increase
after only three years (option 2) would not produce a higher yield. As the higher yield in
option 3 is coupled with a higher instability of the spawning stock, F should only be
increased moderately.

The intention of our paper is to provide a starting point for discussing alternative
strategies. However, it should be kept in mind that additional risks exist when converting
fishing mortality into TAC. Estimates of stock size are usually derived from research vessel
surveys which do have a considerable variability. TACs may therefore miss the target F by a
substantial margin.
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Table 1:  List of input values for yield and stock projection of Champsocephalus gunnariin
Subarea 48.3.
The reference F is the mean F for the age-group range from 3 to 7.
Assumed catch in 1988/89 = 23 000 tonnes
Data are listed in the following units:
Number of fish: numbers x 108
Weight by age-group in the catch: g x 102
Weight by age-group in the stock: g x 108
Age Stock Size Partial Natural Maturity  Weight in  Weight in
Recruitment  Mortality Ogive the Catch the Stock
1 558816 0.0342 0.3500 0.0000 0.034 0.034
2 385993 0.2591 0.3500 0.7750 0.086 0.086
3 38636 0.7719 0.3500 0.8070 0.153 0.153
4 32682 0.9980 0.3500 1.0000 0.243 0.243
5 25915 1.0568 0.3500 1.0000 0.337 0.337
6 11744 1.0987 0.3500 1.0000 0.482 0.482
7 2202 1.0746 0.3500 1.0000 0.632 0.632
8 210 1.0000 0.3500 1.0000 0.805 0.805
9 43 1.0000 0.3500 1.0000 1.142 1.142
Table 2:  Set of partial recruitment values reflecting a change in mesh selectivity in the

fishery on Champsocephalus gunnari in Subarea 48.3.

g

Partial Recruitment
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.0002
.0364
.2690
.7928
.0143
.0943
.0995
.0709
.0000
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%  Table 3: Simulated harvesting strategies of Champsocephalus gunnari in Subarea 48.3, total catch during the 30 year period of

projection, average spawning stock biomass (SSB) and corresponding coefficients of variation (CV) as well as numbers of years
with SSB below 100 000 tonnes, below the 1988/89 level of 53 400 tonnes and below the lowest value on record of
24 800 tonnes.

Option Harvesting Strategy Cumulative F Total Catch SSB cv Number of Years with SSB Below:
(tonnes) 100 000 tonnes 1988/89 level Lowest Level
1a Constant fishing at 7.308 922 041 172 749 0.404 6 0 0
Fo.1 (0.252) ,
2a Constant fishing at 50% 7.308 903 726 170 426 0.344 6 0 0

Fo.1, increased F(0.735)
three years after good
recruitment

3a  Constant fishing at 50% 7.308 977 841 167 999 0.415 6 0 0
Fo.1, increased F(0.735)
five years after good
recruitment

4a Pulse fishing (F=0.812) 7.308 912 045 170 428 0.435 7 1 0
with a period of three
years

1b Constant fishing at 17.284 1 074 106 105 564 0.418 12 5 0
Fmax (0.596)

2b Constant fishing at 50% 17.286 1 039 179 116 482 0.390 12 0 0

Fo.1, increased F(2.398)
three years after good
recruitment

3b Constant fishing at 50% 17.286 1 159 527 125 223 0.617 16 5 0
Fo.1, increased F(2.398)
five years after good
recruitment
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Table 3 (continued)

Option Harvesting Strategy Cumulative F  Total Catch SSB cv Number of Years with SSB Below:
(tonnes) 100 000 tonnes 1988/89 level Lowest Level

4b Pulse fishing (F=1.92) 17.280 1 073 940 110 521 0.533 17 4 1
with a period at three
years

1c Constant fishing at 2xFax 34.569 1 073 067 69 716 0.461 26 2

2c Constant fishing at 50% 34.569 1 044 465 86 567 0.499 21 2
three years after good
recruitment

3c Constant fishing at 50% 34.569 1 175 421 106 911 0.744 19 10 2
Fo.y, increased F(4.321)
five years after good
recruitment

4¢ Pulse fishing (F=3.841) 34.569 1 109 625 82 749 0.636 22 9 3
with a period of three
years

5a Constant fishing at Fo 1, 7.308 885 610 206 036 0.412 6 0 0
changed mesh selectivity

5b Constant fishing at Fp,ax 17.184 1 094 016 145 580 0.427 10 0 0

changed mesh selectivity
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Figure 1: Historical pattern of recruitment in Champsocephalus gunnari around South
Georgia {from Kock and Kd&ster, 1989) used for the 30 year period of projection.
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Figure 2: Catch and spawning stock biomass when fishing constantly at Fgq (0.252)
(option 1a, Table 3).
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Figure 3: Catch and spawning stock biomass when fishing constantly at 50% Fg.4, with an

increased F (0.735) three years after a good recruitment (> 900 x 108
individuals) (option 2a, Table 3).
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Figure 4: Catch and spawning stock biomass with an increased F (0.735) five years after a
good recruitment (> 900 x 108 individuals) (option 3a, Table 3).
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Figure 5: Catch and spawning stock biomass when pulse fishing (F=0.812)

Figure 6: Catch and spawning stock biomass when fishing constantly
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of three years (option 4a, Table 3).
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Figure 7: Catch and spawning stock biomass when fishing constantly at 50% Fg 4, with an
increased recruitment (> 900 x 10° individuals) (option 2b, Table 3).
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Figure 8: Catch and spawning stock biomass when fishing constantly at 50% Fq4, with an

increased F (2.398) five years after a good recruitment (> 900 x 108
individuals) (option 3b, Table 3).
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Figure 9: Catch and spawning stock biomass when pulse fishing (F=1.92) at an interval of
three years (option 4b, Table 3).
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Figure 10: Catch and spawning stock biomass when fishing constantly at 2xF; .«
(option 1¢, Table 3).
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Figure 11: Caich and spawning stock biomass when fishing constantly at 50% Fg 4, with
increased F (4.321) three years after a good recruitment (> 900 x 108

individuals) (option 2c, Table 3).
400_IlllllllllllIllllll|llllllLlll[lllLl—
{ = ssb
1 = total catch: 1175421 t i
o300 - .
D 8
- ¥ -
. ] /
200 A j B
0)
GJ / I
= 1 /
5 : 7
+ 100 - 4 -
L
] I
g wesee bosea® _

[rrrr]

1835

LANLANL L S GNE LB AL UL L N TV T

/96 2010/11

| DAL

Figure 12: Catch and spawning stock biomass when fishing constantly at 50% Fg 4, with
increased F (4.321) five years after a good recruitment (> 900 x 10°

individuals) (option 3¢, Table

3).
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Figure 13: Catch and spawning stock biomass when pulse fishing (F=3.841) at-an interval
of three years (option 4c, Table 3).
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Figure 14: Catch and spawning stock biomass when fishing constantly at Fq ¢ (0.252) with
a change in partial recruitment (= net selectivity) (option 5a, Table 3).
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Figure 15: Catch and spawning stock biomass when fishing constantly at F.,o, (0.516) with
a change in partial recruitment (= net selectivity) (option 5b).
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Liste des tableaux

Liste des valeurs en entrée pour la prévision du rendement et du stock de
Champsocephalus gunnari dans la sous-zone 48.3.

Ensemble de valeurs de recrutement partiel qui reflétent un changement de
sélectivité du maillage dans la pécherie de Champsocephalus gunnari dans la
sous-zone 48.3.

Stratégies simulées d'exploitation de Champsocephalus gunnari dans la
sous-zone 48.3, capture totale pendant la période de prévision de 30 ans,
biomasse moyenne du stock reproducteur (SSB) et coefficients de variation
correspondants (CV), ainsi que nombre d'années ol SSB est inférieur a
100 000 tonnes, inférieur au niveau de 1988/89 de 53 400 t et inférieur
a la valeur la plus faible jamais relevée de 24 800 tonnes.

Liste des figures

Modele historique du recrutement de Champsocephalus gunnari autour de la
Géorgie du Sud (provenant de Kock et Kdster, 1989) utilisé pour la période
de prévision de 30 ans.

Capture et biomasse du stock reproducteur pour une péche constante a Fg 4
(0.252) (option 1a, Tableau 3).

Capture et-biomasse du stock reproducteur pour une péche constante & 50%
de Fp.1, avec une augmentation de F (0.735) trois ans aprés un bon
recrutement (nombre d'individus > 900 x 108) (option 2a, Tableau 3).

Capture et biomasse du stock reproducteur avec un F augmenté (0.735) cing
ans aprés un bon recrutement (nombre d'individus > 900 x 108) (option 3a,
Tableau 3).

Capture et biomasse du stock reproducteur pour une péche par a-coups
(F=0.812), par intervalles de trois ans (option 4a, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a Fy,a
(0.596) (option 1b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fp.1, avec un recrutement augmenté (nombre d'individus > 900 x 108)
(option 2b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fp 4, avec une augmentation de F (2.398) cing ans aprés un bon
recrutement (nombre d'individus > 900 x 10€) (option 3b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche par a-coups
(F=1.92), par intervalles de trois ans (option 4b, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante &
2 x Fhax (option 1c, Tableau 3).




Figure 11:
Figure 12:

Figure 13:

Figure 14:

Figure 15:

Tabuauiia 1:

TabJuia 2:

Tabuauna 3:

PucyHok 1:

PucyHoK 2:

PucyHoOK 3:

PucyHoOK 4:

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fo.1, avec un F augmenté (4.321) trois ans aprés un bon recrutement
(nombre d'individus > 900 x 108) (option 2c, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a 50%
de Fy.¢, avec une augmentation de F (4.321) cinq ans aprés un bon
recrutement (nombre d'individus > 900 x 108) (option 3c, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche par a-coups
(F=3.841) par intervalles de trois ans (option 4c, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante a Fg 1,
(0.252) avec un changement de recrutement partiel (= sélectivité du filet)
(option 5a, Tableau 3).

Capture et biomasse du stock reproducteur pour une péche constante & Fpax
(0.516) avec un changement de recrutement partiel (= sélectivité du filet)
(option 5b, Tableau 3).

CrnucoK TabJul

Hcnouab3zoBaHHbIE NpeAnoOJIOXUTE/NbHbIE BEJIMUUHDI BblJIOBA U obbeMa
sanaca Champocephalus gunnari B logpaiioHe 48.3

Ha6op 3Haue€HUI YaCTUUHOrO MOMNOJIHEHHS], OTpaXawliX U3MEHEeHUe
CeJIEKTUBHOCTU siuell TNpU mnpowmsbicse Champsocephalus gunnariB
TloapatioHe 48.3.

MoaenupoBaHue cTpaTeruii npowmseicaia Champocephalus gunnari B
MoxpalioHe 48.3; obmuii BbJIOB 3a 30 JieT NpOMbIC/A, CpeAHss
6uoMacca HepecTywlfero 3amaca (SSB) U COOTBETCTBYWIME
Ko3pPULHUEHTB BapHaTHBHOCTH (CV), a TakXe KOJUUECTBO JIET, B
TeueHUe KOTOpbIX SSB 6bisa Huxe 100 000 1, HUXe 53 400 T - YpOBHs
1988/89 r. 1 Huxe 24 800 T - MUHUMAJNBHOI'O 3apEerucTpUPOBAHHOIO
YPOBHSI.

CIILICOK PUCYHKOB

AaHHBlEe MO MoNnoJIHEHUW 3anaca Champsocephalus gunnariB palioHe
OxHot Teopruu Kok u Kéctep, 1989 r.), HcHoJib30OBaHHbIE NOPU
Mo e upoBaHuU 30-JIeTHEro NepyoJa NpoMbIca.

BbljoB U 6lOMacca HepecTyw lero 3amnaca NnpH IoCTOSIHHOM YPOBHE
npowmbicaa Fgy (0,252) (sapuanT 1a, Tabauna 3).

BBIJIOB U 6UOMacca HEPECTYIUErO 3aMaca IPpH NOCTOSIHHOM YyPOBHE

npombicaa ¢ 50% Foqu npu noewimenun F (0,735) uepes Tpu roza
nocJsie XxXopoliero nomnoJsiHeHust (> 900 x 108 ocobeit) (BapuaHT 2a,
Tabauna 3).

BolioB U 61oMacca HepecTywlero 3amnaca npu nosbimeHuu F (0,735)

yepes MNsITh JIET NMOCJE XOpoWero MnomoJHeHus (> 900 x 108 ocobeit)
(eapuaHT 33, Tabuuna 3),
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PucyHoOK S:

PUCYHOK 6:

PucyHoK 7:

PUCyYHOK 8:

PucyHok 9:

PucyHok 10:

PucyHoOK 11:

PHcyHoOK 12;

PucyHok 13:

Pucynok 14:

PucyHoOK 185:

Tabla 1:

Tabla 2:
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BbsioB M 6HOMacca HepecTywmero 3amnaca IIpU NYJbCUPYIEM
npoMsbicsie (F=0,812) ¢ uHTepRaJiIoM B TpU roja (BapuaHT 4a,
Tabsu1a 3).

Bbl/IOB U 6UOMAacCa HepecTywIlero 3amnaca Mpy MNOCTOSTHHOM ypPOBHE
NPOMBICA, Fpay (0,596) (BapuaHT 1b, Tabuuna 3).

BbJIOB M 6UOMacca HepecTywlero 3amnaca Mnpy NocTOssHHOM YPOBHE
npombicsia 50% Fg ¢ MpM BoO3pacTawiieM MOoNoJHeHUu (> 900 x 108
ocoberli) (BapuaHT 2b, Ta6auua 3).

BblJIOB U 6UOMacca HepecTyblero 3anaca Ipu NOoCTOsIHHOM ypOBHE
npombicsa 50% Fg 4 npu noepimeHuu F (2,398) uepes nathb JeT nocJe
xXopomero nonoJyiHeHus (> 900 x108 oco6eit) (BapuaHT 3b, Tabauna 3).

BoiiorR u 6UoOMacca HepecTywlero 3salaca IpU NYyJbCUPYIOLNEM
npombicsie (F=1,92) ¢ uHTepBasioM B TpU roja (BapHaHT 4b,
Tabauna 3).

BblIOB U 6UOMacca HepecTylllero 3amnaca Npyu NOCTOSSHHOM ypPOBHE
NpoMbicJia. 2XF .y (BapuaHT 1c, Tabauua 3).

BosioB M 6LMOMacca HepecTywlero 3amnaca MNpH NocTossHHOM ypPOBHE
npombicia B 50% Fp 41 noebimeHuu F (4,321) uepes Tpu roga rnocJje
Xopolero nonoJHeHus (> 900 x 108 ocobeit) (RapuaHT 2¢, Ta6uauua 3).

Bbl/IOB U 6UOMAacca HEPECTYKIEro 3anaca NNpH NOCTOSSHHOM YpPOBHE
npombicisa B 50% Fgqu noBbimeHru F (4,321) uepes nsATh JeT InocJe
Xopoliero nonoJiHeHus (> 900 x 108 ocobelt) (BapuanT 3¢, Tabauna 3).

BoioB M 6HoOMacca HepecTywHUero 3amnaca Npd MyJabCUpylIEeM
npoMmsicsae (F=3,841) ¢ uHTepBaJIOM B TpHU roja (BapHaHT 4c,
Tabmauna3).

BplsIOB 1 6UOMacca HepecTywilero 3amnaca IpH MMOCTOSSHHOM ypPOBHE
npoMeicsaa B Fg ¢ (0,252) U uU3MeHEHUM YACTHUUHOIO INOMOJHEHUS
(=CceJIEKTUBHOCTDb ceTell) (BapuaHT 5a, Tabuuna 3).

BrolioB 1 61ioMacca HepecTywllero 3amnaca IpH NOCTOSHHOM ypOBHE
npoMbicya  Fpay (0,516) v usMeHeHMH YaCTHUUYHOI'O MOINOJIHEHUS
(= ceJiIeKTUBHOCTb ceTell) (BapuaHT Sb, Ta6auna 3).

Lista de las tablas

Lista de los valores de entrada para la proyeccidon de poblacion y rendimiento
de Champsocephalus gunnari en la subarea 48.3.

Conjunto de valores de reclutamiento parcial que reflejan un cambio en la
selectividad de malla en la pesca de Champsocephalus gunnari en la Subérea
48.3.




Tabla 3:

Figura

Figura

Figura

Figura

Figura

Figura

Figura

Figura

Figura

Figura

Figura

Figura

Figura

10:

11:

12:

13:

Estrategias de pesca simulada de Champsocephalus gunnari en la Subarea
48.3, pesca total durante el periodo de proyeccion de 30 afios, biomasa de la
poblaciéon de desove promedia (SSB) coeficientes correspondientes de
variacioén (CV) y también la cantidad de afios durante los cuales SSB esta bajo
las 100 000 toneladas, bajo el nivel de 1988/89 de 53 400 toneladas y
bajo el valor minimo en récord de 24 800 toneladas.

Lista de las figuras

Normas histéricas del reclutamiento de Champsocephalus gunnari alrededor
de Georgia del Sur (de Kock y Koster, 1989) utilizados para la proyeccién de
un periodo de 30 afios.

Pesca y biomasa reproductora cuando se pesca continuamente en Fg 4
(0.252) (opcién 1a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 1 con
un aumento en F (0,735) 3 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opcion 2a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con F
aumentada (0,735) 5 afios después de un buen reclutamiento
(> 900 x 10° ejemplares) (opcién 3a, tabla 3).

Pesca y biomasa reproductora cuando se pesca intermitentemente
(F=0.812) cada tres afios (opcién 4a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con F, s
(0.596) (opcion 1b, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 4 con
un aumento en el reclutamiento (>900x10¢ ejemplares) (opcién 2b,
tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 4 con
un aumento en F (2.398) 5 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opciéon 3b, tabla 3).

Pesca y biomasa reproductora cuando se pesca intermitentemente (F=1.92)
cada tres afios (opcion 4b, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con 2xF,s,
(opcién 1c, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg ¢ con
un aumento en F (4.321) 3 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opcién 2c, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente al 50% Fg 4 con
un aumento en F (4.321) 5 afios después de un buen reclutamiento
(> 900 x 108 ejemplares) (opcién 3c, tabla 3).

Pesca y biomasa reproductora cuando se pesca intermitentemente
(F=3.841) cada tres afios (opcién 4c, tabla 3).
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Figura 14:

Figura 15:
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Pesca y biomasa reproductora cuando se pesca continuamente con Fg 4
(0.252) con un cambio en reclutamiento parcial (=selectividad de red)
(opcién 5a, tabla 3).

Pesca y biomasa reproductora cuando se pesca continuamente con F,
(0.516) con un cambio en reclutamiento parcial (=selectividad de red)
(opcién 5b, tabla 3).



