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EFFECTS OF DIFFERENT HARVESTING STRATEGIES ON THE MACKEREL ICEFISH 
CHAMPSOCEPHALUS GUNNARI AROUND SOUTH GEORGIA 

F.W. Koster and K.-H. Kock 

Abstract 

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

• different levels of constant fishing mortality (FO.1, Fmax, 2xFmax); 

• harvesting constantly at 50% FO.1 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 
recru itm e nt. 

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

Pulse 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 FO.1 and Fmax 
but would lead to a higher spawning stock biomass. 

Pe3IOMe 

EbIJIO BbInOJIHeHO MaTeMaTl14eCKOe MO~eJIHpOBaHHe 

B03~eHCTBH5I Pa3JIH4HbIX npOMbICJIOBbIX CTpaTerHH Ha 

aHTapKTH4eCKYIO JIe~5IHYIO pbI6y (Champsocephalus gunnan) Ha 

npOT5I)I{eHHH 30 JIeT. PaccMaTpHBaJIHCb CJIe~yIO~He cTpaTerHH: 

• Pa3JIH4HbIe nOCT05IHHbIe ypOBHH npOMbICJIOBOH cMepTHocTH 

(FO.1, Fmax, 2xFmax); 

• npOMbICeJI Ha nOCT05IHHOM ypOBHe B 50% F 0.1 npH 

nOBbIllIeHHH F 4epe3 3 ro~a HJIH 5 JIeT nOCJIe BCTynJIeHH5I B 

3anac MHOr04HCJIeHHOrO nOnOJIHeHH5I; 

• nyJIbCHpyIO~HH npOMhlCeJI C HHTepBaJIOM B 3 ro~a npH 

OTCYTCTBHH npOMbICJIa B npoMe)l{YTKax; 
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• H3MeHeHHe CeJIeKTHBHOCTH CeTeH H CB5I3aHHOe C 3THM 

H3MeHeHHe lIaCTHlIHOrO nOnOJIHeHH5I. 

IIPH MO,l{eJIHpOBaHHH nOnOJIHeHHe 6bIJIO npHH5ITO 3a 06bIlIHOe. 

IIYJIbCHPYIOIIlHH npOMbICeJI 5IBJI5IeTC5I MeHee 

npe,l{nOllTHTeJIbHbIM BapHaHTOM npOMbICJIOBOH CTpaTerHH. 

Bep05ITHO, lITO B OTCYTCTBHe perYJI5IpHbIX CbeMOK 

nOnOJIHeHH5I npOMbICeJI Ha nOCT05IHHOM ypOBHe FO.1 B 

HaCT05IlIlee BpeM5I 6Y,l{eT HaH60JIee BbIrO,l{HOH H HaHMeHee 

pHCKOBaHHOH npOMbICJIOBOH CTpa TerHeH. Pery JI5IpHOe 

npOBe,l{eHHe CbeMOK nOnOJIHeHH5I npe,l{OCTaBHT B03MO:>KHOCTb 

perYJIHpOBaTb nOCT05IHHbIe ypOBHH npOMbICJIOBOH 

CMepTHOCTH B COOTBeTCTBHH C MOIIlHOCTbIO BCTynaIOlIlero B 

nOnOJIHeHHe rO,l{OBoro KJIaCca. TeM He MeHee, F He ,l{OJI:>KHO 

nOBblIIIaTbC5I paHee, lIeM lIepe3 lIeTbIpe rO,l{a nOCJIe 

MHOrOllHCJIeHHOrO nOnOJIHeHH5I. C,l{BHr Bnepe,l{ 3HalleHHH 

lIaCTHlIHoro nOnOJIHeHH5I He H3MeHHT 06beMa BbIJIOBa npH FO.1 

H Fmax, B 3HallHTeJIbHOH Mepe, HO npHBe,l{eT K YBeJIHlIeHHIO 

6HOMaCCbI HepeCTYIOlIlero 3anaCa. 

Resume 

Les effets sur le poisson des glaces (Champsocephalus gunnan) d'un 
certain nombre de strategies d'exploitation ont ete simules pour une 
periode de 30 ans. Ces strategies sont: 

• des niveaux differents de mortalite par peche constante (FO.1' Fmax, 
2 x Fmax); 

• une exploitation constante a 50% de FO.1 avec une augmentation de 
F, trois ou cinq ans apres un bon recrutement; 

• une peche par a-coups a intervalles de trois ans, sans aucune 
peche dans I'intervalle; 

• des changements de selectivite des filets ayant pour resultat un 
changement du recrutement partiel. 

Pour les previsions, le recrutement eta it cense suivre le modele 
historique. 

La peche par a-coups s'est averee la solution la moins souhaitable. 
Faute de campagnes d'evaluation regulieres des recrues, il est 
probable que la peche constante a Fo.1 soit la strategie d'exploitation la 
plus profitable et la moins hasardeuse a present. L'etablissement 
d'une campagne reguliere d'evaluation des recrues offrirait la 
possibilite d'ajuster les niveaux constants de mortalite par peche a 
I'importance de la nouvelle classe d'age. Une augmentation de F, 
cependant, ne devrait avoir lieu qu'un minimum de 4 ans apres un 
bon recrutement. Une augmentation des valeurs de recrutement 
partiel ne changerait pas de beaucoup le rendement de peche a FO.1 et 
Fmax , mais entrainerait une augmentation de la biomasse du stock 
reproducteur. 



1 . INTRODUCTION 

Since 1976/77 the Antarctic icefish Champsocepha/us 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 (T AC) 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 Koster, 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 Fo.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 T ACs 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 (SS B) 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 Koster (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.1 (0.252), Fmax (0.596) and 2xFmax (1.192) (Kock and Koster, 1989) throughout the 
whole period (1 a, b, c). 

The second option was harvesting constantly at 50% FO.1, with an increase of F three 
years after a good recruitment of age class 1 (> 900 x 106 individuals) had been observed. 
The increase in fishing mortality was adjusted not to exceed the cumulative values of FO.1 
(7.308), Fmax (17.284) and 2xFmax (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 FO.1 (recalculated option 1 a) and Fmax (recalculated option 1 b) 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 

I 

Cumulative catch is lowest when harvesting is carried out constantly at 50% FO.1 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 FO.1 and Fmax (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, c 
are due to an increase in spawning stock biomass up to 290 000 tonnes when fishing at 50% 
of FO.1 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 FO.i (option 1 a). Both other levels of F within option 1, Fmax and 2xFmax , 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 1 b) 
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% FO.if 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 Catch and Spawning Stock Size 
Estimated for Different Levels of F 

The cumulative catch is 904 000 to 922 000 tonnes at FO.i (options 1 a, 2a, 3a, 4a; 
Table 3), 1 039 000 to 1 160 000 tonnes at Fmax (options 1 b, 2b, 3b, 4b; Table 3) and 
1 044 000 to 1 175 000 tonnes at 2xFmax (options 1c, 2c, 3c, 4c; Table 3) respectively. 
Under constant mortality policies (option 1) fishing at Fmax gives a higher catch than FO.i and 
2xF max (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 (2xFmax) 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.i , 105 000 to 125 000 tonnes at Fmax and 69 000 tonnes at 2xFmax respectively (Table 
3). Average spawning stock biomass is thus 26 to 39% at Fmax and 36 to 60% at 2xFmax 
lower than spawning stock size at FO.i . 

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 FO.i and Fmax constantly are shown in Figures 
14 and 15. 

For harvesting at FO.i 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 Fmax 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 Fmax 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 Koster, 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 11, 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). 

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 Fo.1 (option 1 a) would result in the 
second largest cumulative catch and a high and relatively stable spawning stock. Fishing at 
higher levels of constant F (Fmax and 2xFmax , options 1 b, c) 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% FO.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 Fmax 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 2xFmax 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 FO.1. 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 FO.1. If harvesting is 
maintained at F=0.596 (the present value of Fmax) 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% FO.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 T AC 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 de stabilize 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 
de stabilize 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 FO.1. Fishing at Fmax would produce an annual catch which 
is only 3000 tonnes higher relative to fishing at FO.1 but an average spawning stock 
biomass which is 39% less than at the FO.1 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 FO.1, however, seems to be feasible if net 
selectivity 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 T AC. 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 Champsocepha/us gunnari in 
Subarea 48.3. 

k;J3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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: 
Weight by age-group in the catch: 

numbers x 103 

g X 103 

Weight by age-group in the stock: g X 103 

Stock Size Partial Natural Maturity 
Recruitment Mortality Ogive 

558816 0.0342 0.3500 0.0000 
385993 0.2591 0.3500 0.7750 

38636 0.7719 0.3500 0.8070 
32682 0.9980 0.3500 1.0000 
25915 1.0568 0.3500 1.0000 
11744 1.0987 0.3500 1.0000 

2202 1.0746 0.3500 1.0000 
210 1.0000 0.3500 1.0000 

43 1.0000 0.3500 1.0000 

Weight in 
the Catch 

0.034 
0.086 
0.153 
0.243 
0.337 
0.482 
0.632 
0.805 
1.142 

Weight in 
the Stock 

0.034 
0.086 
0.153 
0.243 
0.337 
0.482 
0.632 
0.805 
1.142 

Table 2: Set of partial recruitment values reflecting a change in mesh selectivity in the 
fishery on Champsocepha/us gunnari in Subarea 48.3. 

1 
2 
3 
4 
5 
6 
7 
8 
9+ 

Partial Recruitment 

0.0002 
0.0364 
0.2690 
0.7928 
1.0143 
1.0943 
1.0995 
1.0709 
1.0000 
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Table 3: Simulated harvesting strategies of ChampsocephaJus 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 SS B 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 CN 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 1 2 5 0 
Fmax (0.596) 

2b Constant fishing at 50% 17.286 1 039 179 116 482 0.390 1 2 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 1 6 5 0 
FO.1, increased F(2.398) 

five years after good 
recruitment 
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Table 3 (continued) 

Option Harvesting Strategy 

4b Pulse fishing (F=1.92) 
with a period at three 
years 

1c Constant fishing at 2xFmax 

2c Constant fishing at 50% 
three years after good 
recruitment 

3c Constant fishing at 50% 
Fa.1, increased F(4.321) 
five years after good 
recruitment 

4c Pulse fishing (F=3.841) 
with a period of three 
years 

5a Constant fishing at Fa.1, 

changed mesh selectivity 

5b Constant fishing at Fmax 
changed mesh selectivity 

Cumulative F Total Catch 
(tonnes) 

17.280 1 073 940 

34.569 1 073 067 

34.569 1 044 465 

34.569 1 175 421 

34.569 1 109 625 

7.308 885 610 

17.184 1 094 016 

SSB CV Number of Years with SSB Below: 
100 000 tonnes 1988/89 level Lowest Level 

110 521 0.533 1 7 4 1 

69 716 0.461 26 8 2 

86 567 0.499 21 6 2 

106 911 0.744 1 9 1 0 2 

82 749 0.636 22 9 3 

206 036 0.412 6 0 0 

145 580 0.427 1 0 0 0 
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Figure 1: Historical pattern of recruitment in Champsocephalus gunnari around South 
Georgia (from Kock and Koster, 1989) used for the 30 year period of projection. 
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Figure 2: Catch and spawning stock biomass when fishing constantly at FO.1 (0.252) 
(option 1 a, Table 3). 
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Figure 3: Catch and spawning stock" biomass when fishing constantly at 50% Fo.1 , with an 
increased F (0.735) three years after a good recruitment (> 900 x 106 

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 106 individuals) (option 3a, Table 3). 
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Figure 5: Catch and spawning stock biomass when pulse fishing (F=0.812) at an interval 
of three years (option 4a, Table 3). 
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Figure 6: Catch and spawning stock biomass when fishing constantly at Fmax (0.596) 
(option 1 b, Table 3). 
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Figure 7: Catch and spawning stock biomass when fishing constantly at 50% Fo.1 , with an 
increased recruitment (> 900 x 106 individuals) (option 2b, Table 3). 
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Figure 8: Catch and spawning stock biomass when fishing constantly at 50% FO.1, with an 
increased F (2.398) five years after a good recruitment (> 900 x 106 

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 2xFmax 
(option 1c, Table 3). 
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Figure 11: Catch and spawning stock biomass when fishing constantly at 50% FO.1 , with 
increased F (4.321) three years after a good recruitment (> 900 x 106 

individuals) (option 2c, Table 3). 
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Figure 12: Catch and spawning stock biomass when fishing constantly at 50% FO.1 , with 
increased F (4.321) five years after a good recruitment (> 900 x 106 

individuals) (option 3c, 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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Figu re 14: Catch and spawning stock biomass when fishing constantly at Fo.1 (0.252) with 
a change in partial recruitment (= net selectivity) (option Sa, Table 3). 
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Figure 1S: Catch and spawning stock biomass when fishing constantly at Fmax (0.S16) with 
a change in partial recruitment (= net selectivity) (option Sb). 
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Tableau 1: 

Tableau 2: 

Tableau 3: 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Figure 5: 

Figure 6: 

Figure 7: 

Figure 8: 

Figure 9: 

Figure 10: 
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Liste des tableaux 

Liste des valeurs en entree pour la prevision du rendement et du stock de 
ChampsocephaJus gunnari dans la sous-zone 48.3. 

Ensemble de valeurs de recrutement partiel qui refletent un changement de 
selectivite du maillage dans la pecherie de ChampsocephaJus gunnari dans la 
sous-zone 48.3. 

Strategies simulees d'exploitation de ChampsocephaJus gunnari dans la 
sous-zone 48.3, capture totale pendant la periode de prevision de 30 ans, 
biomasse moyenne du stock reproducteur (SSB) et coefficients de variation 
correspondants (CV), ainsi que nombre d'annees ou SSB est inferieur a 
100000 tonnes, inferieur au niveau de 1988/89 de 53 400 t et inferieur 
a la valeur la plus faible jamais re levee de 24 800 tonnes. 

Liste des figures 

Modele historique du recrutement de ChampsocephaJus gunnari autour de la 
Georgie du Sud (provenant de Kock et Koster, 1989) utilise pour la periode 
de prevision de 30 ans. 

Capture et biomasse du stock reproducteur pour une peche constante a Fo.1 
(0.252) (option 1 a, Tableau 3). 

Capture et biomasse du stock reproducteur pour une peche con stante a 50% 
de FO.lo avec une augmentation de F (0.735) trois ans apres un bon 
recrutement (nombre d'individus > 900 x 106) (option 2a, Tableau 3). 

Capture et biomasse du stock reproducteur avec un F augmente (0.735) cinq 
ans apres un bon recrutement (nombre d'individus > 900 x 106) (option 3a, 
Tableau 3). 

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

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

Capture et biomasse du stock reproducteur pour une peche con stante a 50% 
de Fo.1, avec un recrutement augmente (nombre d'individus > 900 x 106) 

(option 2b, Tableau 3). 

Capture et biomasse du stock reproducteur pour une peche con stante a 50% 
de FO.lo avec une augmentation de F (2.398) cinq ans apres un bon 
recrutement (nombre d'individus > 900 x 106) (option 3b, Tableau 3). 

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

Capture et biomasse du stock reproducteur pour une peche constante a 
2 x Fmax (option 1c, Tableau 3). 



Figure 11: 

Figure 12: 

Figure 13: 

Figure 14: 

Figure 15: 

Ta6JIH~a 1: 

Ta6JIH~a 2: 

Ta6JIH~a 3: 

PHCYHOK 1: 

PHCYHOK 2: 

PHCYHOK 3: 

PHCYHOK 4: 

Capture et biomasse du stock reproducteur pour une peche constante a 50% 
de FO.1, avec un F augmente (4.321) trois ans apres un bon recrutement 
(nombre d'individus > 900 x 106) (option 2c, Tableau 3). 

Capture et biomasse du stock reproducteur pour une peche constante a 50% 
de FO.1 , avec une augmentation de F (4.321) cinq ans apres un bon 
recrutement (nombre d'individus > 900 x 106) (option 3c, Tableau 3). 

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

Capture et biomasse du stock reproducteur pour une peche con stante a Fo.1, 

(0.252) avec un changement de recrutement partiel (= selectivite du filet) 
(option Sa, Tableau 3). 

Capture et biomasse du stock reproducteur pour une peche constante a Fmax 
(0.516) avec un changement de recrutement partiel (= selectivite du filet) 
(option Sb, Tableau 3). 

CnHCOK Ta6JIH~ 

IiCnOJIb30BaHHbIe npe.llnOJIO:>KHTeJIbHbIe BeJIHl..IHHbI BbIJIOBa H o6beMa 
3anaca Champocephalus gunnari B IIo.llpatloHe 48.3 

Ha60p 3Hal..leHHtI l..IaCTHl..IHOrO nOnOJIHeHH5I, OTpa:>KalO~HX H3MeHeHHe 
CeJIeKTHBHOCTH 5Il..Ietl npH npOMbICJIe Champsocephalus gunnari B 
IIo.llpatloHe 48.3. 

MO.lleJIHpOBaHHe cTpaTerHtI npOMbICJIa Champocephalus gunnari B 
IIo.llpatloHe 48.3; 06~HtI BbIJIOB 3a 30 JIeT npOMbICJIa, Cpe.llH5I5I 
6HoMacca HepecTYIO~ero 3anaca (SSB) H cooTBeTcTBYIO~He 
K03<p<pH~HeHTbI BapHaTHBHocTH (CV), a TaK:>Ke KOJIHl..IeCTBO JIeT, B 
Tel..leHHe KOTOPbIX SSB 6bIJIa HH:>Ke 100000 T, HH:>Ke 53 400 T - ypOBH5I 
1988/89 r. H HH:>Ke 24 800 T - MHHHMaJIbHOrO 3aperHcTpHpoBaHHoro 
ypOBH5I. 

CnHCOK PHCYHKOB 

llaHHbIe no nOnOJIHeHHIO 3anaca Champsocephalus gunnari B paI10He 
IO:>KHOtl reoprHH (KOK H KecTep, 1989 r.), HCnOJIb30BaHHbIe npH 
MO.lleJIHpOBaHHH 30-JIeTHerO nepHO.lla npOMbICJIa. 

BbIJIOB H 6HoMacca HepecTYIO~ero 3anaca npH nOCT05IHHOM ypoBHe 

npOMbICJIa FO.1 (0,252) (BapHaHT 1 a, Ta6JIH~a 3). 

BbIJIOB H 6HoMacca HepecTYIO~ero 3anaca npH nOCT05IHHOM ypoBHe 

npOMbICJIa C 50% FO.1 H npH nOBbImeHHH F (0,735) l..Iepe3 TpH rO.lla 
nOCJIe xopomero nOnOJIHeHH5I (> 900 x 106 oco6etl:) (BapHaHT 2a, 
Ta6JIH~a 3). 

BbIJIOB H 6HoMacca HepecTYIO~ero 3anaca npH nOBbImeHHH F (0,735) 
l..Iepe3 n5ITb JIeT nOCJIe xopomero nOnOJIHeHH5I (> 900 x 106 oco6etl) 
(BapHaHT 3a, Ta6JIH~a 3). 
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PHCYHOK 5: BbIJIOB H 6HoMacca HepecTYlOII1ero 3arraca rrpH rrYJIbCHpYlOlI1eM 
rrpOMbICJIe (F=0,812) C HHTepBaJIOM B TpH ro~a (BapHaHT 4a, 
Ta6JIHl\a3). 

PHCYHOK 6: BbIJIOB H 6HoMacca HepecTYIOII1erO 3arraca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa Fmax (0,596) (BapHaHT 1 b, Ta6JIHl\a 3). 

PHCYHOK 7: BbIJIOB H 6HoMacca HepecTYIOII1erO 3anaca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa 50% FO.1 rrpH B03pacTalOII1eM rrOrrOJIHeHHH (> 900 X 106 

oco6etf) (BapHaHT 2b, Ta6JIHl\a 3). 

PHCYHOK 8: BbIJIOB H 6HoMacca HepecTYIOII1erO 3arraca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa 50% FO.1 rrpH rrOBbIrneHHH F (2,398) qepe3 rr5.lTb JIeT rrOCJIe 
xopornero rrOrrOJIHeHH5.I (> 900 x106 oco6eH) (BapHaHT 3b, Ta6JIHl\a 3). 

PHCYHOK 9: BbIJIOB H 6HoMacca HepecTYIOII1erO 3arraca rrpH nYJIbCHpYlOlI1eM 
rrpOMbICJIe (F=1,92) C HHTepBaJIOM B TpH ro~a (BapHaHT 4b, 
Ta6JIHl\a 3). 

PHCYHOK 10: BbIJIOB H 6HoMacca HepecTYIOII1erO 3anaca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa 2xFmax (BapHaHT 1 c, Ta6JIHl\a 3). 

PHCYHOK 11: BbIJIOB H 6HoMacca HepecTYIOII1erO 3arraca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa B 50% FO.1 H rrOBblrneHHH F (4,321) qepe3 TpH ro~a rrOCJIe 
xopornero rrOrrOJIHeHH5.I (> 900 X 106 oco6eH) (BapHaHT 2c, Ta6JIHl\a 3). 

PHCYHOK 12: BbIJIOB H 6HoMacca HepecTYlOlI1erO 3anaca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa B 50% FO.1 H nOBbIrneHHH F (4,321) Qepe3 rr5.lTb JIeT rrOCJIe 
xopornero rrOrrOJIHeHH5.I (> 900 X 106 oco6etf) (BapHaHT 3c, Ta6JIHl\a 3). 

PHCYHOK 13: BbIJIOB H 6HoMacca HepecTYlOlI1erO 3arraca rrpH rrYJIbCHpYlOlI1eM 
rrpOMbICJIe (F=3,841) C HHTepBaJIOM B TpH ro~a (BapHaHT 4c, 
Ta6JIHl\a3). 

PHCYHOK 14: BbIJIOB H 6HoMacca HepecTYIOII1erO 3anaca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa B FO.1 (0,252) H H3MeHeHHH QaCTHQHOrO rrOrrOJIHeHH5.I 
(= CeJIeKTHBHOCTb ceTeH) (BapHaHT Sa, Ta6JIHl\a 3). 

PHCYHOK 15: BbIJIOB H 6HoMacca HepecTYIOII1erO 3arraca rrpH rrOCT05.lHHOM ypoBHe 
rrpOMbICJIa Fmax (0,516) H H3MeHeHHH QaCTHQHOrO rrOrrOJIHeHH5.I 
(= CeJIeKTHBHOCTb ceTetf) (BapHaHT 5b, Ta6JIHl\a 3). 

Tabla 1: 

Tabla 2: 

98 

Lista de las tablas 

Lista de los valores de entrada para la proyecci6n de poblaci6n y rendimiento 
de ChampsocephaJus 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 ChampsocephaJus gunnari en la Subarea 
48.3. 



Tabla 3: 

Figura 1: 

Figura 2: 

Figura 3: 

Figura 4: 

Figura 5: 

Figura 6: 

Figura 7: 

Figura 8: 

Figura 9: 

Figura 10: 

Figura 11: 

Figura 12: 

Figura 13: 

Estrategias de pesca simulada de Champsocephalus gunnari en la Subarea 
48.3, pesca total durante el perlodo de proyecci6n de 30 anos, biomasa de la 
poblaci6n de desove promedia (SS8) coeficientes correspondientes de 
variaci6n (CV) y tambien la cantidad de anos durante los cuales SSB esta bajo 
las 100 000 toneladas, bajo el nivel de 1988/89 de 53 400 toneladas y 
bajo el valor mlnimo en record de 24 800 toneladas. 

Lista de las figuras 

Normas hist6ricas del reclutamiento de Champsocephalus gunnari alrededor 
de Georgia del Sur (de Kock y Koster, 1989) utilizados para la proyecci6n de 
un perlodo de 30 anos. 

Pesca y biomasa reproductora cuando se pesca continuamente en FO.1 
(0.252) (opci6n 1 a, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente al 50% FO.1 con 
un aumento en F (0,735) 3 anos despues de un buen reclutamiento 
(> 900 x 106 ejemplares) (opci6n 2a, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente con F 
aumentada (0,735) 5 an os despues de un buen reclutamiento 
(> 900 x 106 ejemplares) (opci6n 3a, tabla 3). 

Pesca y biomasa reproductora cuando se pesca intermitentemente 
(F=0.812) cada tres anos (opci6n 4a, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente con Fmax 
(0.596) (opci6n 1 b, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente al 50% FO.1 con 
un aumento en el reclutamiento (>900x106 ejemplares) (opci6n 2b, 
tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente al 50% FO.1 con 
un aumento en F (2.398) 5 anos despues de un buen reclutamiento 
(> 900 x 106 ejemplares) (opci6n 3b, tabla 3). 

Pesca y biomasa reproductora cuando se pesca intermitentemente (F=1.92) 
cada tres anos (opci6n 4b, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente con 2xFmax 
(opci6n 1 c, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente al 50% FO.1 con 
un aumento en F (4.321) 3 anos despues de un buen reclutamiento 
(> 900 x 106 ejemplares) (opci6n 2c, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente al 50% FO.1 con 
un aumento en F (4.321) 5 anos despues de un buen reclutamiento 
(> 900 x 106 ejemplares) (opci6n 3c, tabla 3). 

Pesca y biomasa reproductora cuando se pesca intermitentemente 
(F=3.841) cada tres anos (opci6n 4c, tabla 3). 
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Figura 14: 

Figura 15: 
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Pesca y biomasa reproductora cuando se pesca continuamente con FO.1 
(0.252) con un cambio en reclutamiento parcial (=selectividad de red) 
(opci6n Sa, tabla 3). 

Pesca y biomasa reproductora cuando se pesca continuamente con F max 

(0.516) con un cambio en reclutamiento parcial (=selectividad de red) 
(opci6n 5b, tabla 3). 


