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stocks at some 

harvest strategy usually some type 
assessment as to decision rule underlying 

in the extent to which they satisfy alternative ... ~ ... ~,...,~ .. 
as long term catch (or profits), ..... , ...... ~,.""" 
catch, minimizing risks to stock, and 

Use of output controls for fisheries management is of relatively 
recent and is so far limited to a of fisheries. Nevertheless, there 
seems to be an increasing trend towards use this particular form of 
management. This has turn an increasing emphasis on 
stock assessments. These are used quota setting process, but way 
which they are used is hoc to say the least. Two stocks which are currently 
managed under a quota (ITQ) system are roughy and gemfish. 

At the outset this project, there attempt to develop a 
longer term feedback harvest for an nor to evaluate 

performance of such a strategy The 
objective project was to develop the an 
evaluation, based one or more case for 
orange ·roughy and for the eastern gemfish were selected as possible 
examples develop such an evaluation. These were selected on 

basis that some stock assessments were available, and that they 
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As noted above, gemfish was case for the analyses, 
less attention to orange reason there was also less 

focus on the analyses, as no recent economic data were available 
gemfish due ·to closure of fishery. proxy for economic performance 

the analyses reported here is 

main objective, to develop demonstrate a framework for 
strategy was successfully achieved. 

There are three components the work described in this report. is the 
development of the framework harvest strategy evaluation, and 
implementation as a general purpose computer program. The framework, and 
the computer software which implements it, are described the Appendix to 

report. 

1 The results of the orange roughy analyses were presented to managers and in 1994 through the 
South East Fishery Assessment Group (SEFAG). They constitute the advice to managers in the 
annual stock assessment reports for orange roughy for 1994 and 1995. These analyses were the subject 
of an international review of Australian orange roughy asses<;ments, undertaken Professors Hilborn 
and Derise on behalf of AFMA. 
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easter11 

results of are in Part 

The direct of are and users of the 
South East particular the quota holders for eastern gemfish. 
results provided a for developing a stock recovery plan for 
fishery, a set of strategies for a possible re-opening of the fishery. 
Implementation of any plans or strategies extensive discussion of 

results of study the forum of the Fishery 
Group, and almost certainly involve some reassessment of and re-
specification assumptions. A workshop and scientists to 
undertake these further analyses is planned for early Rapid progress 

be possible at this since the computer programs developed 
analyses described in this report require modification 

work to be undertaken. 

The results of this research should also find ,,_.,,,,_.,..,-...... across a range 
fisheries. In particular, the for a stock 

recovery plan for 
southern bluefin tuna fisheries. 

An important finding of this research is 
---....... -~ currently used in some 
be inherently unlikely to their target exploitation rates. This 

is an area that will research to develop harvesting 
strategies for marine 
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PART TWO 

DETAILS OF THE STUDY 





and hence the cause 
1980s. The ability to provide precise estimates 
1991 is hampered by the lack of an index after 
consideration must be given to development of However, 
unless this provides an estimate of it cannot 
incorporated the analyses several even if collection of sta1ted 

year. The analyses indicate fairly robustly size population's 
relative fecundity increased since 1993, is now likely to than 
the target level of 40% of 1979 level1. Some suggestions 
development are outlined. 

1 The harvesting target level is taken to refer to relative fecundity in this paper, although this target is 
formally defined in terms of spawner biomass. 
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2.1 POPULATION 

The dynamics considered in this analysis (Appendix A) is 
age- and sex-structured and account of ages up to 20 years, ages 
over being pooled The summer fisheries are 
modelled as pulses at start and middle July 
respectively. The 0-year-old'> at the start of year (December) is 
taken to be related to the egg production at the of year by a 
Beverton-Holt stock-recruitment relationship, 

,.__,,_n...,...,. recruitment 

model assumes the population was 
at the start of 1969 

form, while that 
selectivity 

is assumed to independent of age, but "'P'1r-.:nPrff11r 

of sex-specific mortality rates is 
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PRELIMINARY STOCK ASSESSMENTS OF EASTERN GEMFISH 

the catch~s by sex. Natural mortality has been assumed to be independent of 
age because of the absence of reliable data to specify its age-dependence. 

2.2 PARAMETER VALUES 

Tables 1 and 2 list the values for the model parameters which are taken to be 
known exactly (L.., K, t0 , the parameters of the length-mass relationship and 
fecundity-at-age), and the priors chosen for the remaining parameters. The 
priors are largely arbitrary and were selected by consensus by a group 
consisting of Nie Bax,. Neil Klaer, Tony Smith and Andre Punt. They simply 
reflect a first attempt at specifying prior distributions for the parameters of the 
model. 

2.3 THE LIKELIHOOD FUNCTION 

The data available for stock assessment purposes include catches by fishery 
since 1969, the fraction of the winter catch (in number) which consists of 
females, catch rate-based indices of relative abundance, catch-at-age data and 
length-frequency data (length-frequencies are available for some of the years for 
which age-length keys are missing). Appendix B details the contributions of the 
various data sources to the negative of the logarithm· of the likelihood function. 

The catches, and the fraction of the winter catch which consists of females, are 
given in Table 3. The fraction of females for year y is calculated from the sex­
split of the length-frequency data for that year. Table 4 lists the two catch rate­
based relative abundance indices. The winter-1 series is based on information 
on catch-per-standard-day and the winter-2 series on catch-per-hour data from 
the SEF logbook dat4base. It is inappropriate to use these two series 
simultaneously in an assessment because they are based on the same ·data. The 
base-case analysis (and the bulk of the sensitivity tests) use the winter-1 series, 
although the sensitivity of the results to using the winter-1 series from 1973 to 
1985 and the winter-2 thereafter is examined in one of the sensitivity tests. 

When fitting the model, i~ is necessary to provide specifications for q and c in 
Equation (B.2). For the maximum likelihood analyses, the estimate of the 
catchability coefficient, q, is obtained by differentiating Equation (B.2) with 
respect to q and solving the resultant equation. There are two ways to deal with 
c, the CV of the catch rate data. One of these is to estimate this quantity as a 
parameter along with q and the other model parameters (labelled "CV 
Estimated" in the Tables), and the other is to specify the value of this parameter 
on a priori grounds (labelled "CV Fixed" in the Tables). The base-case choice 
for c for the analyses in which it is fixed has been taken to be 0.15, which is 
close to its maximum likelihood estimate. The sensitivity of the results to fixing 
c equal to 0.05 and 0.25 is also examined. · 

For the Bayesian analyses, it is necessary to specify prior distributions for q and 
c. The prior for q is taken to be uniform on a log-scale. It can be shown that 
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Length-frequency data are available 
are unavailable, 
age-composition 

for some of the 
~~·~.,,.~.. to 

age­
of the 

are available. used to 
of length-frequency data log-likelihood 

to the 1" method Methot 0990). 
Length-frequencies are by sex fishery and both sexes 
combined for the summer fishery. of fish N;, 

winter fishery is set to 50 all years which are included analysis. It 
is set to 5 for the summer The lesser given to the for 
summer fishery reflects confidence in these expressed 
scientists familiar with fishery. One the sensitivity tests involves ignoring 
the age-composition data altogether and of the available length­
frequency data instead. 

K. Rowling (pers. comm.) has suggested that the large 1990 
1991 year-classes in the 1992 and 1993 age-compositions (see Table 5) may 

early maturation (and hence to winter fishery) than 
year-classes. Use of the age-composition for youngest age-

dasses may therefore to positively biased strength 
for those age-classes which yet to because the model, which 
assumes selectivity pattern is early 
maturation as strong recruitment. In order to avoid possible source bias, 
the data for 2-4 for females and 2-3 for males are excluded from 
likelihood (i.e. a~.y = 4 and 2 = 5 for the years for catch-at-age are 

available). reasons, only contributions larger than 
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2 .4 

where the 
assumed to 

is over and a, is 
the base-case analysis (see Table 1). 

is equivalent to 

while at 
Fournier 
inclusion 
assumed to be zero 
deterministic component 
data which indicate 
likelihood results is 
maximum-likelihood 
posterior distribution. 

recruitments (in absolute terms) as parameters 
allowing a stock-recruitment relationship (e.g. 

1989, 1990). of 
in an analysis is a recruitment "'"''-''""c"' will be 

is equal to the 
stock-recruitment relationship) 

Another way of 
they are Bayesian results. This 

estimates to 

there are 
the maxirnum­

because the 
of the 

In summary then, for the base-case likelihood analysis, the 
62 parameters (B0 , h, c, 46 recruitment anomalies (20 

one for each the years 1970 to 1995) 10 selectivity 
are obtained by maximizing the sum of the of the log-likelihood 
function (see Equation and Equation (1), base-case posterior 
distributions for these parameters are obtained by integrating likelihood 
function over distributions. The Metropolis algorithm (see C) 
is used to perform the integration needed to the posterior 

for the Bayesian calculations. 
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2.5 

2 .5. l 

d) length-frequency 1994 

of dropping the term involving 
examined to assess impact its inclusion 

("ar =oo"). sensitivity tests setting the steepness parameter (h -

see (A.9)) to 0.9, assuming that males 
and females are assuming that 
fishery is changing 
anomalies to 0.8 and 0.4 "Steepness = 

= 0.8" "cr, = 0.4" respectively). 

2. S. 2 BA YES I AN Af~Al YSES 

The Bayesian analyses are much more computationally 
likelihood analyses, so only a small subset of the sensitivity 

tests is conducted. 

a) The age-composition are ignored ("No "'""L-'L"''·"'· 

c) Allowance is made 
("With correlation"). 

correlation among 

2 The results for this sensitivity test have been computed from those for the base-case analysis the 
technique outlined Givens et al. (1994). 
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3.1 MAXIMUM ANALYSES 

Table 6 the estimates of eleven management-related and values 
for two diagnostic statistics for the base-case maximum likelihood analysis and 
the sensitivity tests. Unless specified otherwise, for 
each analysis are: B0 , , M, the recruitment steepness, q, c, 

selectivity ogives. The thilteen reported in 
Table 6 are: 

a) 

b) ~-~ ..... MJH•~~.,~ biomass at start to 

as a percentage). 

~~v•v·;cwu'v biomass is defined here by the >:e>.l<•.rh'v•tv pattern for the winter 
vector for the summer fishery. 
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PRELIMINARY STOCK ASSESSMENTS Of EASTERN GEMflSH 

c) B 199/B0 the ratio of the exploitable biomass at the start of 1991 to 
the virgin level (expressed as a percentage). 

d) B 1994/B0 the ratio of the exploitable biomass at the start of 1994 to 

e) 

0 

g) 

h) 

i) 

j) 

k) 

l) 

m) 

h 

-LnL 

3 .1.1 BASE-CASE ANALYSIS. 

the virgin level (expressed as a percen~age). 

the exploitable biomass at the start of 1994. 

the ratio of egg production at the start of 1991 to that 
at the start of 1979 (expressed as a percentage). 

the ratio of egg production at the start of 1994 to that 
at the start of 1979 (expressed as a percentage). 

the ratio of egg production at the start of 1995 to that 
at the start of 1979 (expressed as a percentage). 

the (estimated) CV of the residuals about the .winter-1 catch 
rate series. 

the (age-independent) rate of natural mortality on males. 

the (age.:independent) rate of natural mortality on females. 

the "steepness" of the stock-recruitment relationship. 

the negative log-likelihood corresponding to the parameter 
values presented. 

The fit of the base-case model (CV fixed) to the winter-1 catch rate series is 
shown in Figure l(a) and the fit to the catch proportion-at-age data in Figure 2. 
Figure 3 shows the fit to the length-frequency data for the winter fishery for the 
years for which age-length keys are unavailable. The fit to the winter-1 catch 
rate series is good by marine fisheries standards (cr = 0.144). The fits to the age­
composition data are also good, although the fits to the data for males are 
somewhat poorer than those for females (Figure 2). The fits to the length­
frequencies (Figure 3) are noticeably poorer than those to the age-composition 
data, although there is no evidence for systematic patterns in the residuals 
which might suggest model mis-specification. 

Table 6 and Figure 4(a) indicate that the population was at its virgin level in 
1969 and increased between 1974 and 1979 in response to the strong 1970-1975 
year-classes. Weaker than average year-classes between 1977 and 1979 
combined with relatively large catches between 1977 and 1982 led to a marked 
decline in biomass over the latter period (Figure 4a). Although the catches after 
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of this at 5,500 t, down slightly 
established stock is 40% of 

(Chesson in press). 
SB1995 is 14% 

twice as large 
lowest fecundity is predicted to start of 1992 
it was 29.3% of the 1979 reasons that the relative fecundity is a 
larger fraction of 1979 1995 biomass, is that 

""''"'"""' of ages 4 and 5 (the 1990 and above-average 1991 year-
dasses) make a notable contribution to fecundity, whereas they 
make a much smaller contribution to the exploitable This occurs 
because the fecundity (Table 2) of 4- 5-year-olds is much relative to 
other ages of age-specific selectivity and mass-at-age. 

natural mortality rate males (0.484y{1) is larger than for females 
(0.373y{1). This is a consequence of age-composition in which males 
dominate catch of the younger ( <5-year-old) individuals while females 
comprise the bulk of the catch of (>7-year-old) estimate 
steepness for the base-case analysis is 0.5 (the value permitted). 
However, value for negative log-likelihood for the "steepness = 
sensitivity test (Table indicates that the data power to discriminate 

alternative values for this quantity. 

As was the case past, stock-recruitment plot suggests that poor 
recruitment occurred at a comparatively high relative fecundity (Figure 4a) 
that the very 1990 occun-ed at a smaller relative 
fecundity. Note that the 1992-1995 year-classes are all assumed to be "average" 
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3.1.2 

assessment and 
(Figure 4d). 

analysis 

almost no impact on , but suggests that 
the year-class is ( 488% of 
predicted by stock-recruitment 4e. estimate 
is also evident in a larger relative fecundity at the start of 1995 (Table 
Dropping the age-length the analysis a relatively small impact on 

results, of a 
(Figure 40. 

Setting 
14) equal to zero no 

because the length-frequency 
weight in fitting process. 

test which involves 
significantly 
inappropriate to consider 
same. Changing the CV assumed 
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( or alternatively that· the 

length-frequencies). 

is 
summer fishery are given 

the other sensitivity 
which is 

it is 
and females as the 
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3.2 

The analysis are in 5 6(a). 
In terms of are qualitatively quantitatively) the same as 
those the base-case maximum likelihood analysis shown Figure 4(a). This 
suggests the results of the Bayesian analysis are dominated by the 
rather than the choice of 

As expected, the 90% probability intervals the most recent 
recruitment are - the posterior distributions the recent 
(post-1992) recruitment are essentially identical to their priors (Figure 
6a) because the available not provide information these 
recruitments. However, for most of the parameters of the 'the prior 
distributions are updated markedly by the data (e.g. Figures 7a and 7d). This is 
also illustrated Table 7(a) which lists posterior medians, 90% intervals and 
ratios posterior variances to those of the for several parameters. 
The values steepness parameter the parameters of the selectivity 
functions for summer fishery are not well determined available data, 
as illustrated by near-100% ratios. is not surprising, 
because the relative fecundity does not drop into the effect 
the stock-recruitment is marked, the latter is a consequence 
the low given to summer fishery. The of updating is 
reflected Figures 7(b) and (c) which posterior 
distributions are very As expected from results Table 6, the model 
shows a preference for lower rather than higher values steepness. Although 
the marginal posteriors for J.i M" overlap, the for !vi IM" (Figure 8) 
indicates that model provides strong evidence mortality rate 

females is less than that 
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PRELIMINARY STOCK ASSESSMENTS OF EASTERN GEMFISH 

The posterior median for · B1w/ B0 is larger than unity (although the 900/o 
probability intervals overlap unity) and consequently the posterior medians for 
B 199/ B0 and B1994/ B0 are larger than the maximum like!ihood estimates. Scaling 
the results to 1969 leads to virtual agreement between the posterior medians 
and the estimates in Table 6. The estimate of the ratio of 1995 to 1979 relative 
fecundity is also somewhat more optimistic than the estimates of this ratio in 
Table 6. The probability that the 1995 relative fecundity is less than 40% of the 
1979 level is ·only 3.5%, although the probability that the 1993 relative fecundity 
was less than this level is 92.1% (before the strong 1990 year-class entered the 
spawning population). 

Figure 9 shows the marginal posterior distributions for four quantities that are of 
interest for fisheries management: B0 , B1994, B1994/ B0 , ·and SB199/ SB1979• Although the 
posterior for B0 is roughly normal, that for B1994 and consequently those for the 
other two quantities are skewed towards positive values. The posterior for 
SB199/SB1979 is particularly skew, which explains why the 90% intervals in Table 
7(a) for this quantity are markedly nonsymetric. Although the posterior for B 0 is 
fairly tight (posterior CV = 15.1%), that for B1mfB0 and particulafly that for 
SB199/SB1979 are less so (posterior CVs of 19.2 and 29.6%. respectively). The 
marked difference in estimation precision between the last two quantities might 
suggest a preference for basing harvest targets on exploitable biomass rather 
than relative fecundity. 

3.2.2 SENSITIVITY TESTS 

The results for the three sensitivity tests are summarised in Figures 6(b) - (d) 
and Tables 7(b) - (d). The posterior distributions for the "No age/length data" 
sensitivity test are, as expected, much less tight than those for the base-case 
analysis. This is most noticeable for the recruitment anomalies (Figure 6b), the 
model parameters (Table 7b) and B0 (Figure lOb). Unlike the situation for the 
base-case analysis, the results of the "No age/length data" analysis do not 
indicate a substantial reduction in recruitment during the late 1980s and a strong 
1990 cohort. Qualitatively, however, the base-case pattern in the recruitment 
anomalies is captured by this analysis even though it does not use age­
composition data. The usefulness of the age-composition data: is best 
highlighted by the results in Table 7(b) - the posterior distributions for the 
selectivity parameters are virtually identical to their priors and the posterior 
distributions for. the natural mortality rates are markedly wider than for the base­
case analysis. Thus, the results of this sensitivity test confirm the intuitive notion 
that age-composition data are needed to estimate selectivity and natural 
mortality. 

The mean of the posterior for vrrgm biomass for the "No age/length data" 
sensitivity test is almost twice as large as the base-case value. However, it is far 
less precisely determined (Table 7b; Figure lOb) and is relatively close to the 
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prior mean of 45,000 t. This suggests that the posterior distribution for B0 (and 
consequently the absolute magnitude of the biomass trajectory) is driven to a 
considerable extent by the choice of the B0 prior. 

The posterior means for the "No 1994 data" sensitivity test (Figures 6c and 10c 
and Table 7c) are similar to the point estimates for the corresponding maximum 
likelihood analysis (Figure 4c), although the mean of the posterior for B0 is 
slightly smaller than the point estimate from the maximum likelihood analysis. 
The posterior distributions for this sensitivity test are generally as tight as those 
for the base-case. As expected, the results for this sensitivity test differ quite 
markedly (in terms of posterior medians and widths) from those for the b.ase­
case analysis for the more recent recruitment anomalies (Figures 6a and 6c) 

Qualitatively, the results of the "With correlation" sensitivity test (Figures 6d and 
10d and Table 7d) are similar to those for the base-case analysis. However, 
there are some notable quantitative differences. For example, the posterior 
mean for the current 0994) exploitable biomass is 26.7% smaller than the base- -
case value and is only 26.8% of B0 (the base-case value is 36.6%). The posterior 
for B0 (Figure 10d) is wider than that for the base-case. However, this is a 
consequence of correlation between B0 , O' r and 't. Eliminating this correlatlon 
results in a 'posterior for B0 which is comparably as precise as that for the base­
case analysis. The probability that the 1995 relative fecundity is less than 40% of 
the 1979 level is 44.1% for this sensitivity test (compared with 3.5% for the base­
case analysis). This more pessimistic appraisal of current status is a consequence 
of the much weaker 1990 year-class (Figure 6d). Although the length-frequency 
data for 1994 suggest that this is a strong year-class, the estimate of the 
correlation between recruitment anomalies is high (see Figure 11). This high 
correlation implies that the likelihood of a very strong 1990 year-class after a 
long sequence of weak year-classes should be relatively small. The "with 
correlation" sensitivity test thus "downweights" the probability of this oc:curring 
through Equation (2). · 

Figure 11 indicates that the data are able to update the uniform prior 
distributions assumed for O'r and 't markedly. The posterior mean for O'r is 0.80, 
or 33.3% larger than the value assumed for this parameter in the base-case 
analysis, although the 900.Ai intervals for 0'1 [0.53, 1.12] include the base-case 
value. The posterior mean for 't is very large although this is not unexpected 
given similar estimates of this quantity for other marine fish species (Myers and 
Barrowman 1995, Table 4). Not unexpectedly, the 90% confidence intervals for 't 
exclude the assumption of a white-noise process (i.e. 't = 0). 

4. DISCUSSION 

The results of the analyses indicate that the eastern gemfish population declined 
markedly between 1980 and 1991. The point estimates I posterior means. of the 
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ratio of 1991 biomass to B0 are relatively insensitive to the specifications of the 
model and range from 7% ("With winter-2/no age data" - ML) to 41% ("No 
age/length data" - Bayesian). Restricting the results to those which used at least 
use some of the age-composition and length-frequency data suggests a much 
narrower range from 22% ("With winter-2" - ML) to 40% ("No 1994 data" -
Bayesian). The suggestion that the 1991 relative fecundity was below the 
harvesting target level of 400Ai of the 1979 level is indicated by all but one of the 
analyses which used at least some of the age-composition and length-frequency 
data ("CV = 0.25" - ML) cpue • 

The situation in 1994 and beyond is less clear because the results depend rather 
critically on whether or not the 1990 year-class was much stronger than 
expected. The majority of the analyses indicate that the 1994 biomass was larger 
than that in 1991, although the base-case analysis indicates otherwise. The 
results for relative fecundity are more consistent for recent trends and suggest 
that this quantity should have increased from its 1991 level. The inability to 
make strong statements about the status of the population after 1991 is a 
consequence of the lack of an abundance index for these years. This problem 
will not be solved by the acquisition of further age-composition and length­
frequency information, and urgent consideration must be given to the 
development of a reliable index of abundance. Unless such an index provides 
estimates of absolute abundance, it will take several years before it can be 
incorporated into the stock assessment, with the implication that for the next 
several years, the reliability of estimated trends in abundance will be relatively 
poor and sensitive to model assumptions. 

The method applied in this document could be extended by basing the 
calculations on a length-structured rather than an age-structured population 
dynamics model. Cooke et al. 0983) develop a length-structured estimation 
procedure for sperm whales which could probably be modified for application 
to eastern gemfish. The application of this approach would be computationally 
complex, but would simplify the process of specifying prior distributions for the 
selectivity parameters (selectivity would be a function of length rather than age) 
and developing the model-estimates of the length-frequencies. The analyses in 
this document are all based on a single population dynamics model and, in 
particular, a single functional form for the stock-recruitment relationship. There 
is a need to examine different models further. 

The prior distributions specified in this document are very preliminary, but it 
appears from Figures 6 and 7 and Table 7 that the results should not be 
markedly sensitive to alternative specifications for most of them. The results are 
sensitive to the prior assumed for B0 (especially if the age/length data are not 
included in the analysis) and the data provide little information about steepness 
(h) so that the posterior for this quantity is essentially the same as its prior 
(Figure 7). The prior selected for the analyses in this paper restricts h to the 
range 0.5 to 1. This selection is consistent with the estimates of h derived by 
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N" y,O 

cl,s 
y,a 

c2,s 
y,a 

are 

a=O 
a= l, ... ,x-1 1) 

a=x 

is the of of sex s age a at start year 

age a at year 

(A.2) 

is the start year 

is (age-independent) rate of natural on 
sex s, 

is of sex sand a during 

summer fishery year 

is the catch (in number) fish sex s age a during 

the fishery of year 

start of the year and the mid-point 
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y,O = 

is 

EY = a y,a 
a=l 

is 

is 

a,~ are stock-recruitment 

there no fluctuations 
at its pre-exploitation 
the start of exploitation 

I + 

fluctuations, sizes cohorts at the start 

distributions allow for this 
similarly distributed about the corresponding 

initial numbers-at-age are given by 

N S 

.)'1,X -
exp(-xMs)/ {1- )} 

where R0 is the number of 0-year-olds at the 
corresponds to an absence of harvesting, 

to 

/\l 
~ 

at 

year Yl are from 

biomass is thus 
level. 

Osasx-1 
(A.5) 

a=x 

N(O:cr;). A R0 is calculated the value for the virgin biomass at 
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2,s 

a 

Note that the for 
term because this 
largely damp out 

)+ ) I { ·-

sex s 

l 
I 

J 

winter 

parameters a and ~ are calculated the values of and the 1tsteepness11 of 
stock-recruit (h). 1tsteepness11 is the to be 

expected the absence recruitment variability) total egg 
production is reduced to 20% of pristine level (Francis 

-1 
~---

exp(-(a+ 1) )+ fxexp(-(x+l) 

The catch of sex s 
I -1 

year y, Cy:: , is calculated from Cy , 

fishery, using the equation: 

ci,s ::: sl,s Fl N'. e-t,M' 
y,a a y y,a 
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) I {1-

the summer fishery 
mass) during the summer 
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F is 

a< 

is lowest age 

y (catches of ages less 
assumption they are 

cf ,s,obs 
y,a is observed catch y 

mt'Ylt"•r or winter). 

rate on fully-selected 

F2=(C2-
" y , ~ s a=O 

of year 

\ 
c2,s,obs )' 

y,a 
s2,s 

a 
s a=a~,y 

selectivity (for each fishery I sex) is 

where 

( ( 1 + e-(a-a50)*1'i 

-~ \ - l{ 1 4- -(a-a50 )*15 

'"' , e 

a50 is the age-at-50%-sel ectivity, 
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is 

is a to 

DATA SERIES 

to to 
fishery: 

121 
J 

15) 

The age-structure information is to be proportional to model-predicted 
t h t ( . {C1·s C2·" 1) Th w-•m t r t. f t h . ca c ies-a -age i.e. y,a y,a 1 • e esw a e rrac1on o ca c 1n 

2cm L "" ,.c,, .. y a given sex fishery) is 
calculated using equation: 

L) (A.16) 
a 

where L) is a of age a lies length-class L (where 
length-class L ranges to 30+2"1 cm): 

( lnL-fnLa )2 

2(aa )2 df nL (A.17) 

La is mean length a fish of age a (computed using the Von 
growth parameters), and 

is the standard ri""'""'i-.nn of the of the of a fish of age a 
(the of the length of a fish of age 1 is taken to 3.Scm 
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and that of a fish of age 20, Scm; the standard deviations for ages 2 to 19 
are calculated by linear interpolation between ages 1 and 20). 

APPENDIX I : THE LIKELIHOOD FUNCTION 

The catch rate time series is assumed to provide indices which are log-normally 
distributed about their expected values with a constant coefficient of variation, 
i.e. 

(B.l) 

where O; is the i'th catch rate, 

E; is the model-estimate corresponding to O;, 

q is the catchability coefficient, and 

c is the coefficient of variation. 

The contribution of the catch rate information to the negative log-likelihood 
function is thus given by: 

A! =:-05nRn(21Cc2 )- 2!2 L(ln0;-Rn(qE;))2 (B.2) 
j 

where n is the number of catch rate data points. 

The estimates of the fraction of the catch during the winter fishery (in numbers) 
consisting of females are assumed to be normally distributed about the model­
estimates with a standard deviation of O' / (taken to be 0.2 for all the analyses of 

this document). The contribution of the datum for year y to the negative of the 
log-likelihood is thus given by: 

~ =:-05n1ln(21t cr;)-~(Qy-Qyr (B.3) 
. f 

where QY is . the estimate of the fraction of the winter catch during year y (in 
numbers) which consists of females, 

QY is the model-estimate of QY: 

Q = -(-. cz.t I ~ -(-. cz~s 
y L y,a k.JL y,a 

a=O s a=O 

n 1 is the number of years for which values of QY are available. 
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In order to improve the numeric 
1986) is added to 

)3,s = N',s p s,obs fn( p' / p s,obs) 
1'')1,a y y,a y,a y,a 

The length composition data are also 
about expected values. The 
(in duding adjustment) 
class L for year y, sex s and 

where N",f,s is 
y 

= N" f,s,obs 
y y,L 

effective of fish 
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0 /,~s,obs is the obseived proportion of the catch by fishery f during 

year y of sex s (by number) which animals in length-class L make up 
of the catch of animals not smaller than 4.~ 

0 t ,s,obs = ct ,s,obs I ~ ct ·•:ob~ 
y,a y,L L y,L 

L'=I1.: 
(B.8a) 

0A t ,sis the model-predicted value of 0 t ,s,obs: 
y,a · y,a 

aAt,s = ct.s I ~ ct,s. 
y,a y,L L y,L 

L'=II" c,y 

(B.8b) 

The length-frequencies for the summer fishery are not disaggregated by sex so 
when determining the contribution of these data to the log-likelihood, the sex 
superscript in Equation (B.8) is ignored and Equations (B.8a) and (B.8b) are 
modified so that the catches of both sexes combined are used in the calculation 
of 0 and 0A. 

In summary then, for the base-case analyses, the negative log-likelihood has 
contributions from four sources: the catch rate series for the winter fishery, the 
estimates of the fraction of the catch during the winter fishery which consists of 
females, the age-composition data, and the length-frequency data: 

(B.9) 

The summations in Equation (B.9) are restricted to years I ages I lengths for 
which data. are available (for example, age-composition data are available for 
the years 1980, 1982, 1984, 1986,.1988, 1990, 1991, 1992 and 1993 only) 

APPENDIX C: THE METROPOLIS ALGORITHM 

The purpose of the Metropolis algorithm (Hastings 1970) is to sample random 
variables from an arbitrary distribution, g(X). In this case, the distribution g(X) 
is the posterior distribution (i.e. g(X) = P(XID) oc L(DIX)p(X), where L(DIX) 
is likelihood of the data set D given ·a parameter vector X, and p(X) is the prior 
probability of the parameter vector X). The values in the sample can then be 
used to calculate expected values and variances for functions of the parameter 
vector X (e.g. current biomass, risk, etc.). 

For the· implementation considered in this document, evaluation of L(D IX) 
involves projecting the age- ·and sex-structured population dynamics model 
forward, using known catches, to predict stock biomasses and then calculating 
the likelihood for the projection. If any of the exploitation rates (see Equations 
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d) 

a random 
If 

"p~1oposal" x· w~s not 0 a 1. 

is set 

is a vector 

on 

so = Yr= , end. 

Steps - d) [referred to as a cycle] are repeated a large times 
(200,000 document). vector !! is updated dynamically. 
The algorithm doing this is to keep a record proportion of times the 
"proposal" for j is accepted and increase the . element of L1 by 1 % if 
this proportion is greater 0.5 This updating is conducted 
every 5 - 10 cycles. 1,000 are ignored, as this is a 
"bum-in" the algorithm to set itself up. 

correlation" sensitivity test is based on the assumption the 
recruitment anomaly year c: Y, is correlated for an previous 

Reasons for a among the 
variables which are likely to impact the of the deviation from 

the stock-recruitment relationship. For purposes of the analyses of this 
paper, it is assumed that this correlation structure can modelled a ARMA-1 
process: 

(D. 
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TABLE 1 : THE BASE-CASE YAlUES Of I PRIOR DISTRIBUTIONS FOR THE MODEL PARAMETERS. 

Parameter Male Female Both sexes 

Bo . U[10 000, 80 OOOt] 
M (yf1) U[O, 0.6] U[O, 0.6] 

, Steepness - h U[0.5, 1] 
.f nq U[-00100] 
c U[O.l, 0.2] 

L_ (cm) 97.5 109.0 
1C (yr-1) 0.212 0.18 

'\ ·t0 (yr) -0.54 -0.63 
b1 (gm cm-3) 0.143.10-5 

b2 3.39 

£" N(O;o;) 
o, 0.6 

plus-group - x (yr) 20 

a50 - summer fishery U[2, 4] U[2, 4] 
a95 - summer fishery U[2, 6] U[2, 6] 
y- summer fishery U(O.l, 0.3] U[O.l,·0.3] 
a50 - winter fishery U[4, 6] U[4, 6] 
a95 - winter fishery U[4, 8) U[4, 8] 

Start of year begin-December 
Summer fishery begin-December 
Winter fishery mid-July 

TABLE 2 : ESTIMATES Of RELATIVE FECUNDITY-AT-AGE. 

Age 1 2 3 4 5 6 7 8 9 10 11 12+ 
Relative 0 0 0 0.7 1.0 1.3 1.7 2.0 2.4 2.7 3.4 4.0 

fecundity · 
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TABLE 3: 

The catch data. The catch-by-mass for each year (in tons) is broken down into 
that taken during the summer fishery and that taken during the winter fishery. 
The column "fraction female" provides estimates for some years of the fraction 
of the catch (in number) which is made up by females. 

Fisherv 
Summer Winter 

Year Catch Catch Fraction 
(in mass) (in mass) female 

c; -2 c, Qy 

1969 20 200 
1970 30 200 
1971 40 230 
1972 60 420 
1973 20 1110 
1974 20 900 
1975 40 920 
1976. 40 2100 
1977 170 3100 
1978 450 4700 
1979 460 3900 
1980 440 5100 0.562 
1981 190 4100 
1982 270 3600 o.547 
1983 305 3100 0.560 
1984 300 2800 0.567 
1985 ' 205 2900 0.505 
1986 130 3450 0.565 
1987 80 4200 0.484 
1988 175 3500 0.500 
1989 175 22CO 0.575 
1990 80 1200 0.573 
1991 50 300 0.611 
1992 30 790 0.728 
1993 70 450 0.577 
1994 25 175 
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1980 3414 
2716 
1982 

1983 1059 
1984 1131 

1986 1269 279 
1535 

1988 349 

1989 1297 242 
203 
114 

1992 
1993 33* 
1994 



(b) 
Ae 

Year 2 3 4 5 6 
1980 0 

0 
1984 0 
1986 0 ,. 0.006 
1988 0 0.015 
1990 0 0.002 0.020 ! 

1991 I o.go1 
0.006 I 0.065 I 0.206 0.038 

1992 0.003 I 0.012 0.101 0.039 
1993 0.005 0.032 0.014 l 0.035 0.173 0.102 
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lH: 

v - ~ 

BIB(% 
1969 1991 1994 

17734 99 33 31 5473 33 50 57 0.144 I 0.484 0.373 
17359 233 36 23 3991 22 25 141 0.120 0.600 0.485 

:::0.8 100 33 28 4965 30 45 55 0.135 0.510 0.400 
18777 98 34 35 6564 39 54 61 0.162 0.480 0.367 

'"' 0.9 17107 
98 I 34 33 5724 34 54 66 0.146 I 0.468 0.359 0.9 

18775 97 31 29 5528 33 50 ss I 0.144 • 0.47'7 0.373 
Mf=Mm 18137 

~~ I 
30 30 5452 34 56 63 . 0.141 0385 0.385 ! 

CV =0.05 17452 28 22 3879 24 34 41 0.098 0.510 0.401 0.500 cvue 

19187 99 38 37 7085 42 64 72 0.187 0.488 0.373 
With winter-2 17199 97 I 22 19 3351 24 33 40 0.138 0.435 
With No 18777 91 7 31 5838 32 36 39 0.060 0.393 0~346 
data 
No 17945 98 27 55 9894 47 53 s7 I 0.047 0.600 0.554 

data 18444 98 34 33 6132 32 62 1351 0.141 0.513 0.403 0.984 103.7' 
16704 96 30 25 4103 30 44 50 . 0.142 0.401 
17784 98 32 I 31 5520 35 38 43 0.143 0.474 0.366 0501 

4 This test was by dropping all from the that which restricts steepness to between 



l.E 6 NU 

CV Estimated 

I Dv! D 0 \ lo) I fjlf;ll.JJ. I "1J:5'"'" I ::it>'°.'" I a 

Base-case 17898 99 32 I 30 5309 32 I 48 I 56 0.139 I 0.481 
17188 66 36 22 3782 22 128 o 1'13 I 06'"'0 () :::::oo 21 • .A. • ,£~\., 0.501 r 

=0.8 18233 98 30 26 4722 29 44 53 0.130 0.488 
19481 98 35 36 7106 42 58 65 0.178 0.47'3 0.358 

:::::0.9 16949 98 33 33 5568 34 54 65 0.143 0.459 0.9 41.8 
18149 98 32 30 5367 32 49 0.140 0.474 o .. 5oo 
18077 95 29 29 5306 33 54 61 0.137 0.371 0.371 0.500 

No 21086 84 20 37 7856 41 72 79 0.000 0.417 0.383 I 
17956 100 34 32 5800 31 57 122 0.134 0.528 0.730 

data only 17434 93 28 22 3913 29 42 48 0.134 0.399 0.309 
No 1994 data 18010 97 31 30 5409 34 37 42 0.140 0.470 0.36.5 i 29~2 



SB199/SB1979 
M" 0501 10.0 0.407 0586 

0.388 0.303 0.468 
h 97.8 

aso 2.99 98.3 2.10 3.90 
(males) 2.23 5B3 

a50 (females) 3.89 
102.0 

aso (males) 4.75 4.93 
(males) 

a50 (females) 
a (females) 
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u95 (females) 
fishery 

a50 (males) 
a95 (males) 
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2.29 5.86 

5.89 

5.86 
7.83 



LE 

I 
I 
I 
I I I 
l 

' ' 

I 
I I 

I 
! 

I 

I 
I 
I 

I 100.6 
93.7 5.90 

3.04 I 
I 2.25 

Winter fishery 

I (males) 4.76 4.95 

a95 (males) 6.16 4.2 

a (females) 
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(TABLE 7 CONTINUED) 

( d) With correlation 
Quantity Posterior Variance Lower5% Upper95°i< 

Mean ratio Point Point 

Ba 19488 21.0 10919 37320 

B1994 4536 - 3175 6223 

B1c;e/Bo 1.128 - 0.451 2.079 

B199/Bo 0.360 - 0.157 0.583 

Bl.,JBO 0.268 - 0.113 0.441 

SB199/SB1m 0.321 - 0.256 0.401 

SB1~SB1979 0.313 - 0.189 0.490 

SB1~SB1979 0.467 - 0.234 0.839 
Mm 0.535 5.7 0.435 0.596 

M 0.422 5.7 0.331 0.497 

h 0.739 41.1 0.517 0.970 

Summer fisher) 
a00 (males) 2.99 106.9 2.09 3.90 

a95 (males) 4.10 85.2 2.25 5.85 

a00 (females) 3.02 101.2 2.11 3.91 

a95 (females) 4.18 106.7 2.23 5.86 

Winter fishery 
a00 (males) 4.74 3.5 4.55 4.93 

a95 (males) 6.18 4.8 5.75 6.62 

a50 (females) 5.68 6.0 5.48 5.89 

a°" (females) 7.16 9.7 6.66 7.71 
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4· 

Figure 5 : Trajectories 

A. for base-case 
Bayesian (lower analyses. The dotted lines 
are 90% 

Figure 6 : Plots of exploitable biomass as a of level 
pahel), exploitable biomass corresponding to B0 (upper 
EXP(recruitment anomaly) (lower left panel) the 
fecundity (lower panel). Results are shown (a) the base-case, 

"No data", (c) "No 1994 and (d) the 
"With correlation" analyses. The solid lines represent trajectories of 

intervals. 

7 : Histograms and 
population model parameters: 

summer fishery and (d) 
distributions are shown 
the bars. 

Figure 8 : Base-case posterior for 
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assumptions. assessment cohort 1989, 
1994) that a biomass of poor recruitments 
1980s. degree of the absolute amount current 

fishable are dependent on emphasis given to age and length 
composition data relative to that given to 

recent 
the 

gemfish. The sensitivity of this assessment to 
these compromised data is a major cause concern. A concerted 
required to develop an unbiased and set of catch and effort 
for this fishery and/ or to the an independent biomass 
(and age structure) estimate. 
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Catches 
fishery expanded to continental 
gemfish their 
the 1970s peaked at an 
between 2800 and 4200 tonnes 
tonnes was imposed in an '"""""'"''!-' 
was not reached in 1989 and first signs poor 
of fish in commercial catches). Continued 
reduction in TACs over the next years with a zero 
Bycatches of gemfish the summer shelf fishery and 
slope fishery dory continue at several 

to a 
1993. 

a winter continental 
tonnes per 

The biology and fishery the have been (e.g. Rowling 1990, 
1994). Assessments of gemfish the Southeast Fishery (SEF) 
by Allen 0989, 1992, 1994), using 
effmt. The analysis has 

the biomass and recruitment 
TACs since 1990 led to a 

of catch and effort data this fishery, raised 
1990s data with those earlier nPr1n.rt 

earlier assessments evaluates the effect different 
biomass estimates. 
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years to 
biology 

of the late 1980s. 
quality 

concerns 
This updates 
sources on current 



assessment 

statistical catch--at-age model was 
missing "'"'-'V-~'-' 

Statistical catch-at-age an underlying model of 
and to all available data to estimate unknown 

models can account explicitly errors 
determination, other information. 

to examine goodness of between estimated 
highlight inconsistencies in the 

population 

age 
can be 
data to 

sensitivity of 
assessment results to weighting placed on 
are CAGEAN et 1985) and Stock 

Examples 
"'"'"'·nr.r 1990). CAGEAN 

assumes a lognormal error the catch-at-age the 
model to data a least squares approach. 

error distribution and uses a ~''~"~'" (1995) 
describes a 

Stock synthesis was used in assessment, it can 
underlying model incorporates 
and different selectivity periods, to 
accounting associated error. Flexible "'"'~'-'- s1oe1cmtcanc~n 
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are: 

"' average growth of gemfish 
due to earlier capture faster 

at a younger age previously; 

recruitment may be cyclical * the strength 
environmental phenomena, as westerly winds (Thr~sher 

Some of these features been 
many have not. particular, the impacts of two 

have not been examined; length data have not 
analyses; and errors in ageing have not been included 

are evaluated in this assessment. 

assessments, but 
periods of the 

used directly in the 
the analysis. These 

Stock is a catch-at-age analysis to other 
information (Methot 1990). simultaneously fits to catch biomass; 
age-length composition and effort from 

composition from multiple surveys. 
observed and modePs expected represent the 
steps errors) associated step collection; thus the to 
catch biomass and to catch age composition are separate steps. This helps the 
incorporation of ageing process correctly the 
different leveld of confidence placed in catch biomass data age 

71 



is 
population and processes 

observed (Methot 1990). 
to ascertain 

fishery without 
adding excess model parameters. stock synthesis can to 
accommodate in the sampling process, and residual error can 

of level of residual error should 
measurements of variability As 

model is tuned to one type data irnplications for to 
easily observed. 

complicated models, such as stock synthesis may not 
provide significantly better to the data than a model, but they do 
enable exploration of alternative plausible explanations for 

CATCH DATA 

Catch for trawl fishery are provided 1 to 3. 
the directed winter fishery on slope for spawning run 

directed summer fishery. two fisheries have quite 
compositions summer shelf fishery has a lack of 
fish. 
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PRELIMINARY ASSESSMENT USING STOCK SYNTHtSIS 

Best estimates of catch data account for assumed discards, which are assumed 
to be negligible in the winter fishery until 1993 and to have the same size 
composition as the landed catch, although fish less than 40 cm would have 
been discarded completely (Rowling, pers. comm.). Discards in the summer 

· catch may have been more significant especially after the introduction of quota 
management in 1989. 

There are some catch data available for even earlier years. Blackbum (1979) 
summarises catches of gemfish received from steam trawlers at the Sydney fish 
market from 1953 to 1956 (Table 2). These gemfish were measured, and 
Blackbum 0979) presents aggregated length frequency distributions for 11,263 
gemfish taken frorri · 209 samples spread fairly evenly between the period 
December 1946 and April 1956. · 

Blackbum 0979) also provides data taken from the logbooks of Red Funnel 
steam trawlers that provide information on the distribution of gemfish catches 
(Table 3). These data have been reanalysed by Klaer 0995). 

CATCH AND EFFORT DATA 

Catch and ·effort data are available from two sources: historic catch data from 
fisheries cooperative records 0 969-1986) and more recent data from the quota 
monitoring database 0989-1991) and SEF logbook 0986 to 1993). The 1992 
and 1993 data are considered 'unreliable because of the absence of a targeted 
fishery in these· years. The catch and effort data were reanalysed by Rowling 
(pers. comm.) and now show similar trends to the historic data for overlapping 
years (Table 4, Figure 1). The two series are not independent, being derived 
from the same vessels. In the years since 1989 there were major changes in the 
gemfish fishery: introduction of quotas in 1989; .declining catches since 1987; 
changes in the size composition of the landed catch; and the changeover from 
special gemfish nets to standard trawl nets by 1989. Thus the overall measure 
of catch per unit effort (CPUE) must be considered a poor indicator of 
abundance for this population until further analyses are completed. Ongoing 
analyses of the data on a finer spatial scale by Kevin Rowling (Fisheries 
Research Institute, New South Wales Fisheries) may account for changes in 
fishing practices. 

There are some data available from the summer fishery (Table 5), from the SEF 
logbooks. Their usefulness is limited since the summer fishery is a non-targeted 
fishery that samples only a portion of the distribution; only smaller fish are 
caught. These data are not used in this assessment. However, comparison with 
catch and effort (and length) data from Red Funnel trawler catches in the 1950s 
might improve understanding of changes in the fishery since the directed winter 
fishery began. 
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NAHJRAl 

natural mortality estimates 
parameters estimated the catch-at-age 

assessment will be two 
simplicity, it 

assumed that natural is constant 
are confounded with trends in selectivity, for 

SELECTIVITY OF THE FISHERY 

There is no independent information on 
fisheries, no independent surveys 

of available population. The selectivity 
estimated in the catch·-at-age analysis. 

or summer 
or length 

will 

Selectivity the fisheries is with a logistic curve. Both sexes 
share the same ascending selectivity function but 
descending selectivity functions. There is no age-specific selectivity. The 
selectivity function requires parameters for 
for the selectivity is constrained to be 
of the selectivity curve for the summer fishery is chosen 

Younger fish have been appearing fishery 
of these younger fish are mature, apparently at an 
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by the 
correspondence 

are 
are 
are 

agreement within + /- 1 

In a second comparison 
following data were 

Average 

most 
years 

at 

1981) 11 

Morison 
two CAF 

error 50 r.rr ... .,. .. ,~ 

was 11 

Age reading errors for this assessment were derived 
on ages the same otoliths two 
1992). There was 55% agreement at minimum 
discernible with age. of variance 
agreement ages (taking into account 
correct age, both were off by one year the same ri"·"u«•t-1 

by two years in the same direction) was computed in synthesis. 
agree and were off by more two years is considered 
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RECRUITMENT 

Fecundity-·at-age was derived from Rowling Table 13). 
fecundity with age or size was described by assuming a constant 

number of eggs per kilogram. female spawning biomass was a 
reasonable proxy for fecundity (numbers of eggs produced). 
biomass was as female biomass times 

A logistic function was used to describe females. It was 
assumed that percent maturation follows to the winter 
fishery. The age 50% was set at 5 yr a slope of 0.253 (Table 
14) .. These values were used here, it is noted in recent years age 
and of first maturity dropped (Rowling, pers. comm.). In 1993 
there were reports of 2- and 3-year-old 
females) whereas prior years 4-year-old fish were 
be running ripe. No change age of maturity was re1on~se:fft1ea 

used in this assessment. 

A Beverton and Holt-type stock and recruitment relationship was 
year class strengths predicted by model residuals were 
negligible weight was given to the stock and 
negligible effect on model assessment. 
recruitment relationship was specified by one parameter 
proportion of unexploited recruitment level at a 
unexploited biomass (b), following Kimura (1988): 
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DEFINiTI PR 

of approximately 200 t (see 
not considered a reasonable estimate 
1973 are considered to part of a developing 

would learning curve of 
abundance 

unit 
relative 

Available information from steam trawler catches sold at Sydney 
market indicates annual catch from1952 to 1956 was 125 t (Tables 2 and 3). 
These catches would have been from the and be better 

the selectivity the summer fishery than fishery. 
Overall the historic level the summer fishery appears to order 
of 125 t per year. This is higher estimates of summer fishery 
catches the 1969 until 1977. 

ENVIRONMENTAL INFLUENCE 

It has been have a high 
with estimated year class SEF species, 

gemfish. strength of westerly winds was included 
the data to test its impact on stock and relationships (Table 15). 
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AGE 

Stock synthesis follows a approach to and Archibald 
(1982), level mortality is calculated so 

matches the observed catch biomass exactly. pattern of 
selectivity at age is sought will the log-likelihood of 
observed catch proportion-at-age. This likelihood is the 
assumption catch behaves as if it were a 

sample drawn from a defined model 1s 
of proportion-at-age. 1 

Estimated multinomial error level is dependent on the 
sizes were specified as those actually measured 
than appears reasonable because the model process error 
therefore be forced to match the estimated age/length "'-'"''J'-"'-'U•'-'• closely. 

and Archibald 0982) that the sample size 
as no greater 400. Effective size was set at 200 in this 

assessment for winter age length data. Because for a 
1S: 

Note the difference from CAGEAN which assumes a lognormal error distribution. In 
CA GEAN, the model searches for the level of fishing mortality and the pattern. of selectivity-at-
age that minimises the sum of deviations. The important distinction between the 
multinomial and lognormal models is that the multinomial model treats the deviation "";"'"'''" 
for observed = 0.3 and estimated = 0.2 as and more than the deviation 
between 0.03 and 0.02, while the lognormal model treats these as equivalent deviations. 

78 



I 

p 

NUMBER OF PARAMETERS ESTIMATED 

There were parameters 
comprised two 

selectivity of summer and 
recruitment the 

2. 4 BASE TO DATA ANO 

base case assessment. 45 
of male females, 16 

level 
(1968-1993). 

The following run stock synthesis was as the base case following 
discussions Kevin Andre Punt and fishers run is 
identified by a parameter file, Pxx): 

Age composition only 

Length composition for years no age 

Age/ size in ML Ages ?::5 and cm 
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recrt1itrner1t 

case were 

Age/size ML estimator 

.Age/size 

Length Composition 

Length composition 

Age/size in ML estimator 

Ages 2 4 

Ages and lengths 

-none 

Summer - none 

None 

None 

None 

80 

;::54 cm 
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Selectivity 

growth 
fixed; 

no 

- asymptotic two time-periods 
1989-1994. Ascending slope 
point only vary between two periods 

Summer-

slope and 

and 

Stock recruitment Beverton and 
data base case. 

0.1 that of other 

sensitivity analyses were performed to 
the relative placed on age and length versus the CPUE 
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Further sensitivir-y analyses were 
the stock 

Stock and recruitment 

reduced to 

Stock 
dependent, 

82 

to 

variation of fitted 
and 

recruitment density 
is 80% of 

50% 



3. 

to CPUE appears good. : before 1973 do not 
data and presumably reflect a learning stage for the 

Sum..'Iler CPUE were not fitted by the model. They show a more 
decline from 1986 to 1992 fitted by the The summer CPUE data are 
not considered a good of abundance summer 
fishery selects a biased portion of the 

SELECTIVITIES 

Selectivity the length-based version· of stock synthesis used is limited to 
assuming same ascending selectivity curve for females. the 
winter fishery, where selectivity is forced to be asymptotic, this 
identical selection curves by size (Fig. 5). Because female grow faster 

males, this selectivity curve forces an earlier recruitment of females to the 
winter (by age) 

In the summer fishery the selectivity curve is not rr.•·ra.n 

selectivity for males is estimated as while is 
estimated as 
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1: 

BIOMASSES 

The biomass of male female gemfish to 
by 

tonnes in 
1969 biomass (Figure 8). 

computed selectivity of 
1969 to 3.1 thousand tonnes in or 13% of the 

3.0 thousand tonnes 
of 1969 biomass (Figure 9). 

RECRUITMENT 

fishery started 
(Figures 10 to 12). 

recruitment was 
1980s despite continuing decline in 
were larger than expected from 
the late 1980s, recruitments were 
continued to decline the 1990s. 

the summer fishery declined 
tonnes 1994, a decline to 

were large 
biomass 1970s 

stayed at a similar level in the early 
biomass; recruitments in 1980s 

stock and recruitment In 
than and biomass has 

of coincided 
a of reduced westerly winds. 
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assessment is robust to 

removing length composition 
and to 

is little change 
period 1989, but 

the assessment by a selectivity 
this change as more data become available that 

this second 

increased. 
of 

RELATIVE EMPHASIS AGE·LENGTH OR 

As the emphasis on the CPUE 
and length the assessment suggests 
higher current (Table same 

is 

female spawning biomass (with exception of the assessment with no age or 
length data, where current female spawning does not decline as much 
as in the baseline assessment). This range assessments the 
currently available biomass may vary etween 2 and 28 

. depending on the relative emphasis on sets. 

Table 20 shows the emphasising different data sets on fit to those 
data sets. Coefficients of variation for the age length data are a fixed 
parameter equalling 0.21 for the winter age length data (CV a 
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in the late 1980s. 

density dependence of stock is model, 
density dependence is estimated very low at recruitment will be 57% of 
unexploited level biomass is 50% of the ~.ue){:O.lci11ce·r. level (Figure 13). 

4. 

The gemfish fishery has a good series of data in comparison to most 
fisheries. is a longer 1continuous1 series of catch-at-age 

any south east quota species, dramatic changes 
observed in the length frequency composition provide good contrast in data 
against to test assessment models. 

These data are on their own to demonstrate series poor 
recruitments in the late 1980s. gemfish biomass was already declining by 

time due to fishing, and the combination of poor and extensive 
fishing resulted in the directed fishery being dosed in 

Biological questions to now are: why 
occur?; to extent was fishing responsible 
what is the current biomass? An answer to 
H'-'-'-"'--"' to determine management 

series of recruitments 
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were the high (at for 
was not high 

recruitment. suggests either 
reduced to a level where r."""'"''h 

reduced, or gemfish 
processes. Examples density 
recruitment are factors 

The apparent environmental influence on stock raises concerns. 
Not does it make it difficult to separate . of fishing on stock, 
it also casts some on consistency of CPUE as an indicator of 
abundance. It is already suspected in fishing practices 
late 1980s have affected the most recent 
distribution· of gemfish changes appreciably year 
would impact fishers 1 catches, then casts further 
as a relative index abundance. Further analysis of the 
required on a finer scale available for this 
analysis should the degree 
data, and might also useful in providing a catch 

If spatial 
to year, such it 

on the use CPUE 
and effort data is 

assessment Such an 
placed in these 

be reproduced in the present, perhaps based on one or two consistent vessels 
and skippers. 

This assessment is, insensitive to changes 
model assumptions, it is sensitive to the 
An improved understanding of the CPUE 
of gemfish can considered reliable. 
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PRELIMINARY ASSESSMENT USING STOCK SYNTHESIS 

Table 3. Red Funnel trawler-caught gemfish 1952-1957(Blackbum1979). 

Catch (baskets: 1 basket = 70lb) 
Babel Is. Victoria NSW(S) NSW(N) Total 

January 464 151 33 * 648 
February 461 136 120 * 717 
March 363 100 42 0 505 
April 44 131 202 * 377 
May 0 75 196 0 271 
June * 7 93 0 100 
July 0 52 16 0 68 
August 0 56 56 0 112 
September 27 275 69 0 371 
October 121 353 176 0 650 
November 91 233 175 0 499 
December 29 1,027 258 * 1,314 

Total 1,600 2,596 1,436 0 5,632 

* denotes no fishing 
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PRELIMINARY ASSESSMENT USING ST"°CK SYNTHESIS 

Table4. Catch and effort data for the winter trawl fishery (Chesson 1995 and 
Rowling, unpublished data). 

Fishery coop records (standard fleet) SEF logbook records CPUE 
Number Catch Effort CPUE All data Standard Rowling's 
of vessels (a) data (b) analysis (c) 

Year (t) (days) (kg/day) (kg/hr) (kg/hr) (kg/hr) 

1969 3 55 119 462 
1970 3 47 151 311 
1971 3 57 83 689 
1972 daily figures not available 1214 
1973 4 299 94 3403 
1974 4 326 85 3732 
1975 4 284 100 3039 
1976 11 1006 260 3873 
1977 14 1534 413 3715 
1978 28 3817 936 4078 
1979 36 2796 901 3109 
1980 39 3852 1128 3414 
1981 36 2436 897 2716 
1982 37 1624 813 1982 
1983 47 1718 1625 1059 
1984 49 2280 2017 1131 
1985 48 2196 1607 1391 
1986 49 2260 1670 1269 610 694 279 
1987 1535 950 982 358 
1988 697 667 349 
1989 1297 428 436 242 
1990 1151 301 357 203 

1991 1021 142 192 114 
1992 184 162 147 
1993 33 

(a) 'All data' are all SEF logbook data but restricted to depths and 
seasons where gemfish occur. 

(b) 'Standard data' are all SEF logbook data but restricted to areas and 
depths fished consistently in all years 1986-91. This accounts for 
some of the spatial expansion/ contraction of the fishery. 

(c) Rowling analysis concentrated on consistent gemfish vessels. 
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Table 6. 

n 

0.180 
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tzero 
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3 
4 
5 
6 1 
7 0.25 1 1 
8 0.3 1 1 
9 0.5 1 1 

0.6 1 0.24 1 
11 0.8 1 0.64 1 

1.1 1 1 - :&~ 



10. lVfo:riso:n 

4 3 1 _,,_ 

5 1 
6 9 5 F' 6 J 

7 4 8 17 
8 1 

J. 0 0 
9 1 

1 2 3 
8 5 
0 1 
:.'~~ 
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:n 

0 0 0 3 t) 

0 8 7 
/ !:;: 0 0 o-0 ._,. 

0 ,,, 
v 7 0 0 0 

0 8 5 0 0 0 
0 3 0 
0 7 
0 35 0 0 
0 321 9 1 0 

0 0 0 
0 0 5 23 31 9 
0 0 3 36 30 

1986 0 0 9 39 7 6 
1988 . 0 0 575 292 4 4 
1990 0 0 4 197 88 
1991 0 0 18 194 

0 4 8 35 303 468 290 4 3003 
0 9 50 158 437 19 1577 
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Table 14. 

4 

6 
7 

0 
./ 

Percent of mature female fish age . 

Age 

1 
2 
3 0.001 
4 
5 0.552 
6 
7 
8 
9 
10 1.000 

assumed to selected 
winter fishery as esti..v:nated synthesis 
model. 
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of 

1984 
1985 
1986 

1988 

1990 
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70 
54 
85 



Mod_el Code 

Base case P12 0.54 0~62 

P22 0~10 0.57 0.63 
PH 0.12 0.54 0.60 
P13 0.17 0.61 0.68 
P14 0.23 0.54 0.63 
P15 0.09 0.56 0.64 
P24 0.15 0.45 0.53 

P16 1.37 0.50 0.57 
P18 0.36 0.51 0.64 
P19 0.12 0.54 0.62 
P23 0.11 0 r.:;1 

·~'- 0.59 
Inc P21 39,202 0.23 0.56 0.64 

-~-
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Model Run 

Base case 
34 

AU 

Domed selectivity 
Inc S/R .,,.,~,r.n""'' 

Code 

P12 
P22 

P11 
P13 
P14 
P15 
P24 
P16 
P18 
P19 
P23 
P21 

winter 

0.13 
OJ-7 
0.19 
0.28 
0.23 
0.11 
0.18 
1.76 
0.47 

1,477 0.14 
0.13 

3,284 0.27 

103 

biomass 

0.12 
o.n 
0.14 
0.19 
0.23 
0.11 

1,656 0.18 
1.59 
0.47 
0.14 
0.13 
0.26 

Total 
biomass 

0.22 
1.04 
1.65 
0.36 
0.25 
0.17 
0.33 
3.03 
1.32 

0.29 
0.21 
0.40 



Model Run Coe-le -VJ"iriter Winter 2 
CPUE CP-UE 

Base case P12 ,-167 -218 -881 2'=1 -507 
!-'.'22 -296 -271 -755 25 -35 -852 

All ages Pll -366 -332 -13412 27 4 -39 -997 
No winter Pl3 -152 -410 -822 24 5 -10 -122 
!',Jo age or length data P14 -373 -937 -406 46 7 -17 -294 

data P15 -192 -231 -144 19 7 -29 
P24 -167 -217 -1045 25 4 -21 -383 
P16 -167 -210 -739 -4 -1 -39 -928 
P18 -80 -175 -607 12 0 -15 -237 

Two P19 -165 -221 -715 23 4 -23 -466 
P23 -167 -217 -928 24 4 -27 -565 
P21 -170 -222 -709 -17 -6 -6 -51 

~~ 
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PRELIMINARY ASSESSMENT USING STOCK SYNTHESIS 

Table 19. Sensitivity of assessment to changes in emphasis on age/length and CPUE 
data for the winter fishery. 

Available biomass Female spawning biomass 
wmter 

Run Code 69 94 94/69 69 79 94 94/79 

Base case P12 24,513 3,100 13 16,266 14,654 2,023 14 
No age or length data P14 25,451 2,055 8 15,018 15,507 3,474 22 
CPUE emphasis *10 P26 25,695 2,231 9 17,119 16,644 1,467 9 
Sample size 50 P25 26,717 2,916 11 17,389 16,759 1,881 11 
CPUE emphasis * 0.5 P17 22,632 11,454 51 15,229 13,680 7,498 55 
CPUE emphasis * 0.1 P16 16,405 28,421 173 11,739 12,313 18,660 152 

Table 20. Sensitivity of fit to data to changes in emphasis on age/length and CPUE 
data for the winter fishery. 

Likelihood contribution of data 

Winter Summer 

Run Code age length CPUE length CPUE 

Base case P12 -167 -218 23 -881 4 
No age or length data (a) P14 -373 -937 46 -406 7 
CPUE emphasis *10 P26 -176 -255 33 -769 6 
Sample size 50 P25 -42 -58 28 -181 5 
CPUE emphasis * 0.5 P17 -169 -211 5 -535 1 
CPUE emphasis * 0.1 P16 -167 -210 -4 -739 -1 

(a) the contribution of age and length data to the log (likelihood) for 'No age or length data' 
occurs because these data have not been removed, but their emphasis in the maxim.um 
log (likelihood) has been reduced to 0.001. 
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Cod 

Base case P12 14 
27 33 

P27 13 15 
P28 14 15 
P30 14 15 
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vreser:m~u in this document, 
,...,..,,,,,,,,,..,u< the fit of the model to these data. 
the model. 
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PRELIMINARY ASSESSMENT USING STOCK SYNTHESIS 

Figure 7. Continued 
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PRELIMINARY ASSESSMENT USING STOCK SYNTHESIS 

Figure 8. Available biomass in the winter fishery. 
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Figure 9. Available biomass in the summer fishery 
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examines several 
gemfish, and examines 
objectives (including the 
depends crucially on the 
described by (1995). 
(because assessment has 

an agreed outcome of AFMA's <~'"'"A' 
purpose of the analyses 
may be used to evaluate 
stocks. are 
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of management 

analysis 



THE DH 

account of a summer a fishery each 
births in each year is related to 

stock-recruitment relationship. Sources 
egg production are described in 
selectivity is 

for summer fishery, selectivity declines 
detailed specifications of the are given 

the 
egg production 
of 

The 

The parameter values 100 simulations are 
sampled at 
computed using the Bayesian assessment in Punt 
0995). correlation" variant of the assessment is used, which allows 
for a priori correlation among 

set of 
relationship (including 

anomalies), 
mortality. distributions of some quantities 
the state the resource at the start 1995 are shown 1. Thus, each 
simulation has a starting and a different set of dynamics 
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are 

2.4 HH H 

strategies require estimates of 
at start the year for 

using an ad hoc 
needed to this estimator 

consist 
VPA (Gavaris 1988; 
year as there is no 
estimator a 

a quota for 1995, 

measurement 
gemfish for 

these, 
Punt are the 

conducting assessments 
populations, 
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oc•Hea to 
data are 
added to 

are not 
values of 



population 
0995). Note 

strength of the 1990 

of 
recruitments chosen at random from 

about 
relationship, 

1985 
1989 period of poor recruitments), and cyclic a ten year 

Appendix period; Each the recruitment 
A. 

is specified in more 

strategies are evaluated 
to biomass depletion, 
to year. The specific "'°'"'"'"'.,.., 
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a of performance 
variations in catch, 

a"-"''-·""' used are: 



I I 

as 

6) < 

< 

> is 

is 

is egg 

Performance ,,,_ .... ,-..,_,o 1 to 5 are as medians over 
the tables of plotted as 5th, 50th and 

The base case harvest strategy is an ~n strategy as defined The 
base case strategy also constraints on 

quota: 

* maximum % decrease in p = 50% 

@ maximum % increase quota, q = 50% 

~ threshold for quota constraint, H = 

Other 

@ the 

quota, A = 500 t 

quota, B == 5000 t 

the base case 

anomalies are 

t 

1 B0 in this paper refers to the exploitable biomass available to the winter fishery in the absence of 
exploitation. 
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5 

3. R 

3. l BASE 

The results base case harvest strategy operating are given in 
1 and Figure 2. Figure 2 shows the trajectories from 1995 to 2020 eight 

indices. Under the modified F01 harvest strategy is a strong 
recovery in the stock from 1995 to 1999. This is to a predicting 
several year-classes (1990 together low 
catches during these years. The latter is underestimates of 
true stock and constraints placed on rapid increases TAC. Catches 
mimic biomass trends and reach a peak 2002, which time stock size is 
already declining again. Catches stock decline over 
period to 2010 after which there is some evidence that has stopped. 
The estimation of biomass improves over time. After under-estimation, the 
estimation improves by to consistently 
slightly lower the true value. median continuing under base 
case strategy (a measure of "sustainable yield" for strategy) is approximately 
1450 t, although measure is very sensitive to the parameters of true 
population (Table 1). 

change in catch from one year to the next is very during the period 
increasing catches, rapidly stabilizes to a situation which catches change 
on average by 25% from one year to the next. Although this is well within the 
constraints imposed as part of the base case harvest strategy (±50%), it still 
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OF 

The performances of the four are compared 2 and Figure 
3. 3a shows the several summary measures each 
strategy, Figure 3b shows trajectories values 
performance indices (cf. Figure 2). The results are as one would expect - higher 
fishing mortality rates result in slightly catches at of 
stock variation in average and 
higher exploitation rates. 

None of F0 ,, strategies evaluated here achieve long-term of.40% of 
1979 egg production, although the F04 strategy comes dose (Figure 3b). The F02 

strategy comes closest to resource at ~} 1 target of B01 , and the 
strategy leaves the resource below BMsY in over 50 % the simulations. 

CATCH 

The performances of constant strategies are 
the base case harvest strategy Table 3 and Figure Again, 
between catch and stock size is The performance of base case 
strategy is closest to that the 2000 t constant catch strategy, but there are 
some interesting differences. Both inter-annual changes catch average 
catch achieved are much less for the constant catch strategy. However, 

is achieved at the expense of much more variance in biomass, including 
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In 
recruitment. 
lower stock 
potential target. For 
year cycle 
only because the peak in 

3.5 

Sensitivity to other 
5 and Figure 6. 
examined here. 
observations of catch 

of 
degraded slightly. 

base case harvest strategy are shown in Table 
is not sensitive to the scenarios 

variability on future 
rate and catch-at-age data has very little effect on 

case harvest strategy, although performance is 

most notable differences are evident in of the 
catch constraints ·and provision of perfect information result in more 
increases in catch 1995 to 1999, and a resulting lower increase in 
over the initial period. Not surprisingly, constraints results 
'"!"'"·~· variability in catch year to year. 

4. 

This paper has illustrated an approach for 
a fishery resource given uncertainty about current status 
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The 

continuing 
of meeting 

severe declines 
in a significant ...,.,.,-,.,,,,,_,,,_, 

simulations. The realised continuing catch is about 56% of the 
target catch, it is doubful that even this level of is 
sustainable. Clearly, these results suggest a constant 3000 t catch exceeds 
the maximum sustainable yield stock. 

The preceding discussion two possible objectives 
(maximizing catch achieving biological targets), the third 
general class of management objective of year-to-year variation 
catch? results for F04 constant 1000 t provide a 
comparison where the continuing catch is very 
respectively). They achieve outcomes 

dramatically in catch variability. constant catch 
preferable, presuming that a general aim of industry 
year vanatmns catch, and assuming no 
(such as additional importance to worst-case scenarios). What is not dear, 
however, is whether a constant strategy, achieves same median 
catch as a feedback harvest strategy, can ""'"''"t-"rrn as well or against 
performance criteria as median catch increases, The in Table 6 do not 
allow an answer to this question. 
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base case strategy. 

Figure 5: As for 
section 2. 5). 

3, 

constant 

four 

Figure 6: As for Figure 3, comparing case harvest 
same strategy but with: no constraints on change 
information on numbers-at-age fishing mortality-at-age; and 
increased Cll.:5 on of rate catch-at-age. 
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(a) Medians 

(b) Probabilities 

Performance measures 
P(Bfin < 0.2 B0) 

P(Blow < Bo) 
P(Bfin> 
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< 0.2 B0) 

rneasures 
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EVALUATION OF HARVEST STRATEGIES FOR EASTERN GEMFISH 

TABLE 5. OTHERS. 

(a) Medians 

Scenarios 
Performance measures base no catch base highcvs 

case constrai case 
perfect 
info 

Finalbiomass/B0 0.28 0.29 0.28 0.23 
Lowest biomass/B0 0.14 0.14 0.17 0.13 
Average catch (t) 1930 2203 2113 1889 
Catch variability (%) 26 43 16 29 
Continuing catch (t) 1455 1401 1586 1401 

(b) Probabilities 

Scenarios 
Performance measures base no catch base highcvs 

case constrai case 
perfect 
info 

P(Bfin < 0.2 Bo) 0.37 0.38 0.32 0.47 
P(Blow < 0.2 B0) 0.68 0.73 0.62 0.72 
P(Bfin> BmsJ 0.71 0.71 0.75 0.62 
P(Bfin > Bo.1) 0.31 0.31 0.34 0 .. 26 
P(Efin > 0.4 E?'Q) 0.22 0.20 0.21 0.20 

TABLE 6. COMPARISON Of SIX HARVEST STRATEGIES ACROSS FIVE PERFORMANCE 
STATISTICS. 

Strategy Continuing Average Catch P(Efin>0.4~) P(Br.n> Bo.1) 
catch (t) catch (t) variability (%) 

F0.1 (base case) 1450 1930 26 0.22 0.31 

Fo.2 1330 1693 27 0.30 0.48 

Fo.4 1060 1302 26 0.41 0.60 
C=lOOO t 1000 1000 3 0.48 0.63 
C=2000 t 1910 1947 5 0.28 0.37 
C=3000 t 1710 2439 10 0.16 0.16 
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resource 

c!,s 
y,a 

c2,s 
y,a 

x 

are 

a=O 

y+!,a - a = 1,.,,, x -1 

a=x 

is of sex sand a at start 

is the of of sex s age a at end year 

y, 

NS = 
y,a 

) -(l-1,-t-)M' e , , 

is number 0-year-olds sex sat start year 

is (age-independent) rate natural on fish of 
sex s, 

is the catch of sex s age a during 

summer fishery of year y, 

fish of sex s age a 

of year 

is 

of 
between 

is the time between 

start of 

and that of the winter fishery, 

is maximum age ~~ .. ~·~-~· 
group), 

38 

year the 

summer fishery 

to be a 



is 

p 

y,O -

y 

is the 

is 

autocorrelation 
to 

a=1 

+ y--l 

/ + 

) ), 

extent of 
anomalies = 0 co1cre:spc)nc1s 

assumption), and 

Ol,~ are the stock-recruitment relationship parameters. 

One sensitivity tests 
recruitment anomaly has a 

where X is amplitude 

y is period (10), and 

z is cycle (3). 

(2n 
sin!­

\ Y 

that 

(A.3a) 

2 One of the sensitivity tests examines the scenario in which future recruitments are selected at random 
and with replacement from those for 1985-1989. 
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of 

1--h 
O!, = 

11: __ _ 
u --

s 

for 
year, B0 

the winter fishery 
equation: 

where 

+ I {1-
l p 

- I 
J 

value the biomass at 
this biomass is defined using the 

mass-at-age vector 

I 

is the selectivity the used during 
fishery on fish of sex s and age 

is mass of a of sex s age a during 
. fishery: 

)bf 

= L'~(l-e-K'(a-tJ)) 

140 

start 

winter 

(A.7) 



EVALUATION OF HARVEST STRATEGIES FOR EASTERN GEMFISH 

CATCHES 

The catch (in number) of fish of sex s and age a during the summer fishery in 
year y, c;::, is calculated from c;, the catch (in mass) during the summer 

fishery, using the equation: 

where st,s 
a 

(A.9) 

is the selectivity of the gear used during the summer fishery 
on fish of sex s and age a, and 

FY' is the exploitation rate on fully-selected fish during the 

summer fishery of year y: 

pl = ct I~~ ws st,s NS e-t1M' 
y y £-L a-t2 a y,a (A.10) 

s a=O 

The catch (in number) of fish of sex s and age a during the winter fishery in 
year y, c:::, is calculated from c:, the catch (in'mass) during the winter fishery, 

using the equation: 

where 

SELECTIVITY 

p2 
y 

(A.11) 

is the exploitation rate on fully-selected fish during the winter 

fishery of year y: 

p2 = cz I~~ ws s2,s (NS e-t1M' -cl,s )e-t2M' 
y y £-L a a y,a y,a (A.12) 

s a=O 

The selectivity pattern (for each fishery / sex) is given by: 

where 

{
( 1 + e-(a-a50)*0 rl if a< a9s 

Sa= 1 (1 +e-(a-a50)*0 r e-y(a-a95) 
if a~ a95 

(A.13) 

aso is the age:..at-500/0-selectivity, 

a95 is the age-at-95o/o-selectivity, 

o is the parameter which defines. the width of the selectivity 
ogive (calculated from the age-at-50%-selectivity and that of 
95%-selectivity using the formula: Ci = £nl9 I (a95 -a50 )), 

and , 
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q 

2 
y 

q 

is 

is the effort 

) ' 

the fishery during 

from 

is standard deviation errors. 

catches-at-age are assumed to be 

cf,s.obs = 
y,a 

s a' 

1 "' f ·" · f ·on,.., ;n(O· ('""'f ,s ) 2 ) mass of a v11ere 'fy.~ 15 1 u 1V , '-'c,y,a /, - · 

fh h . r·1 ' a is ery t e wmter dS 1ery or w~-ti 

second term on hand of 
necessary so the relationship c_{ = L l: w[ ,S c{:"obs 

s a' 

of are largest 
contributions to the catch (e.g. 

1983). To mimic this, the obseravtion error 
of age a during year y depends on the 

the total catch in number of fish sex s by fishery f during 
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of sex s age 
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~Jn is 
curve is 

OF 

is 

The equilibrium 

,s 

F=Fo.n 

at a 

Y= R(F)Y(F) 

the 

mortality is 

R(F) is recruitment as a function 

is yield-per-recruit as a of 

The yield-per-recruit is assuming only the 

Y(F)= F 
s a 
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is sex 

is sex s 

r 

I ~M' 
= l (1-

[--"---'------'~ 

a=O 

a= 1,. .. ,x 

a=x 

x is age 

is the between the start of 
the summer fishery, and 

the summer fishery 

Beverton-Holt model is the between 
production resultant 

E(F) 
=----

&+ ~E(F) 

where E(F) is egg production : 

= R(F)E(F) (B.6) 

E ( F) is egg production-per-recruit : 
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is 

t+l: 

.r a 

r 
N"' =1 

1+1.a N:' + N:' 
t,X i,X-l 

where is the 

(Definitions of symbols are in 

CONSTRAINTS 

f 
a 

a=l 

of sex sand 

a= l, ... ,x-1 

a=x 

of sex s 

quota is constrained not to vary up or 
specified) percentage one year to the 
between (pre-specified) lower and 

a at start 

a at the end of year t: 

threshold below the quota can be increased by more 
specified percentage limit. to 

threshold comes depends on whether or not 
threshold does not come into play (i.e. > or 
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a , 
+ I 

< / 

~ ~ (1+ I 

+qi > +al 

A ·f Q' A 1~ t+l < -

if A ::; Q;+i ::;, B 

if > B 

is quota calculated using Equation (B.9) 

t+1 

cl is the for year t 

q is petcentage increase quota 

H is the threshold 

A is 

B is the maximum 

The quota is divided between the summer 
proportion to the catches by the two fisheries over 
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winter fisheries in 

1980 - 1985. 



a at start 

y,a + + y+l,a+l ) ) a< x-1 

is number fish sex s and age a at the start 

is (age-independent) rate of 
s, 

,.-.!,s i's 
L,, y,a 

summer fishery of 

of sex s 

c 2·" is the catch y,a number) of fish of sex s 

winter fishery year 

is time the start of year 
the summer 

is the time between of 
that of 

The on animals age a sex s 
1 ,s is given by: 

y,a ~ • 

147 

on of sex 

age a 

a the 

mid-point of 

summer 

during 



where 

The 
total egg 

where 

y,a 

OF THE 

E2.s 
t 

) 

a= 

is the catchability 

is the for 

is of years 

E 

recruitment 
by 

A a 
1V =----

y+r.o A+ E 
I-' y 

EY is the egg production at 

148 

is 

.... ,x-1 (C.4) 

age a and sex s, 

y, and 

effort data are available. 

(C. 

end year 



f 
y y,a 

y=I 
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s 

DEVELOPMENT ENVIRONMENT 

Management Strategy system was developed 
using Borland language, runs 
on 386, 486 and Pentium IBM compatible This compiler allows 
bit DOS to be using a flat which 

associated normal Such a 
system allows programmes to effectively use 

DEVELOPMENT TOOLS 

Scientific programming requires 

screen, 

operations as 
for graphically displaying the 

hard-copy. 

Canadian software 
classes which 

performing 
or function 

for vector matrix 
processing were graphics libraries. 
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DATA STRUCTURES 

11 Historical data -

sex etc. 

@ Simulated population data 
at age by year, 

fishery etc. 

~ Additional classes were created of control 
module the system. As such, the modules 

SYSTEM DESIGN 

flow-chart below describes MSE system as developed 
module accepts information as parameters C++ 
above. A typical run of the program may 

to 2020. To for current 
population, 100 alternative current states were 
methods as described Chapter 3 of report. 

the existing in the most recent 
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