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EXECUTIVE SUMMARY 

This document updates commercial catch and effort data from the red rock lobster 
fishery, and discusses and updates estimates of other catch components. Analysis of 
standardised CPUE for each of three substocks is briefly described and illustrated. 

Further analysis for the southern (NSS) substock, where CPUE showed a "significant" 
decrease as defined by the decision rule, is described. This was made with a generalised 
observation-error time series surplus production model. The inclusion of auxiliary 
information on exploitation rate and the inclusion of production residuals is also 
described. Results of this work show that the NSS substock is at a small percentage of 
virgin biomass and less than half the optimum biomass. However, estimated current 
surplus production is greater than likely removals, so the stock has a good chance of 
increasing in the near future. 

Size frequency data were used to estimate current total mortality rates for several areas 
where catch sampling is conducted. Morphometric relations between carapace length and 
tail width are presented. Size at maturity data were analysed from tail width sizes, and 
relations are presented. Growth estimates were revisited and slightly revised formulations 
are presented. 

Yield- and egg-per-recruit analyses were conducted for four areas, and a series of 
reference fishing mortality rates calculated. These are compared with the estimated 
current fishing mortality rates: in all four areas, current fishing intensity exceeds Fmr; in 
the two southern areas it also exceeds F,,,. 

1. INTRODUCTION 

1.1 Overview 

This document describes work conducted for the 1994 assessment for the red rock lobster, 
Jasus edwardsii, fishery. This assessment has been discussed by the Rock Lobster Stock 
Assessment Working Group and the Stock Assessment Plenary Meeting, November 
1994. 

The most recent catch data are listed and compared with the Total Allowable Commercial 
Catch (TACC) for each Quota Management Area (QMA) for the three completed fishing 
years of the quota system. 

Estimates of illegal catch, obtained from the National Compliance Unit of MAF Fisheries, 
are used with previous illegal catch estimates to produce a time series of illegal catches; 
then this is divided into time series for the three new possible substocks. 



Surplus production estimates, using a generalised model, are presented for the southern 
(NSS) substock. 

Yield- and egg-per-recruit (YPR and EPR) analyses are used to estimate reference levels 
of fishing mortality for six areas, roughly as in Breen & Anderson (1993) but using a 
revised model that includes steepness. Estimates of recent levels of fishing mortality are 
estimated from catch sampling data and compared with the reference levels. 

Management implications are discussed. 

1.2 Description of the fishery and fishery management 

The fishery has been extensively described (e.g. Annala 1983). An annotated and indexed 
bibliography was provided by Breen & McKoy (1988). Recent management history of the 
fishery was described by Booth et al. (1994). Research history to 1985 was described by 
Booth (1989). Recent stock assessment work was described by Booth & Breen (1994). 

Fishery data were presented in the previous assessment documents and are updated in 
Booth et al. (1994). Updates to the reported commercial catch data through March 1994 
are presented below. 

Since April 1990, the fishery has been managed within the Quota Management System 
(QMS). For the NSI stock there are eight Quota Management Areas (Table I), each with 
a separate TACC. 

TACCs were reduced substantially from the previous average annual landings when the 
QMS was introduced, and were reduced further in subsequent years to address biological 
concerns. The TACC histories are listed in the Working Group Report (Annala 1994). 

Advice to the Minister on sustainability comes both from MAF Policy and the National 
Rock Lobster Management Group (NRLMG). The latter comprises representatives from 
MAF Policy, Research and .Compliance, the fishing industry, amateurs, Maori and 
environmental organisations. This group has developed management goals and agrees that 
a constant-catch harvest strategy is the best way to achieve the goal of rebuilding 
substocks (see section 1.3). 

The NRLMG also agreed upon a "decision rule" (National Rock Lobster Management 
Group 1993) to determine whether further management action was required for a substock 
for the 1995-96 fishing year. The decision rule was described fully by Breen et al. 
(1994). Basically, it identified an index of abundance (standardised CPUE) and defined 
the concept of "significant decline" in the indicator. In the 1994 assessment round, a 
significant decline was observed in the NSS substock. The decision rule required the 
NRLMG to obtain an analysis of the level of total removals for the substock which would 
provide at least a 50% probability of increased substock abundance in the following year. 
The analysis undertaken by MAF is described below. 



1.3 Stocks and substocks 

Assessment of the fishery before 1993 considered only two stocks: the Chatham Islands 
(CHI) and the North & South Islands (NSI) stocks. The possibility of subdividing the 
NSI stock was explored by Booth & Breen (1992), and in 1993 the Working Group 
agreed to address the NSI stock as three substocks. 

These were: a northern substock called NSN, comprising QMAs 1 and 2 (Northland & 
Bay of Plenty); a central substock called NSC, comprising QMAs 3, 4 and 5 (Gisborne, 
Wellington-Hawke's Bay and Canterbury-Marlborough); and a southern substock called 
NSS, comprising QMAs 7 & 8 (Otago & Southern). The Working Group considered that 
some boundaries of substocks were not coincident with QMA boundaries, but for practical 
reasons it was agreed to use the nearest QMA boundary for each stock. 

QMA 9 (Westland-Taranaki) did not fit into any of the agreed substocks. Landings in this 
area are low, and the handling of this area remains unresolved. 

This document deals only with Jasus edwardsii. The fishery for Jasus verreauxi is 
discussed by the Working Group Report (Annala 1994) and is not addressed here. 
Although this report presents updated data for the CHI stock of Jasus edwardsii, all the 
analytical work pertains only to the NSI stock. The CHI stock was discussed by the 
Working Group, which examined the available data and agreed that further assessment 
was not warranted. 

1.4 Literature review 

An extension to the annotated bibliography of Breen & McKoy (1988), describing about 
180 additional publications relating to Jasus edwardsii in New Zealand, is available from 
the authors. Recent papers will not be reviewed here. 

2. FISHERY DATA 

2.1 Recent commercial landings 

Landings reported to the quota management report (QMR) system for 1991-92, 1992-93 
and 1993-94 are shown in Table 1. The fishing year for rock lobsters is 1 April through 
31 March. 

For the 1993-94 fishing year, TACCs apparently constrained the catch in all areas within 
the NSI stock: reported catches were within a few percent of the TACCs. An exception 
was CRA3, Gisborne area, where catches exceeded the TACC by 11 %. In the Chatham 
Islands, CHI stock, CRA6, catches were again significantly less than the TACC. 



2.2 Historical catch and CPUE 

2.2.1 Commercial data 

Time series of catch and catch rate data are required for production modelling, which is 
described below (see section 3). The following table surnrnarises catch and effort data 
available for the NSI stock, their sources, and whether CPUE was used in the surplus 
production analysis. The text following this table describes the details used in estimating 
catch and effort. The notation "est." indicates that lifts or days were estimated from 
vessel numbers. "FUS" refers to the defunct Fisheries Statistics Unit. "CELR" refers to 
the catch and effort landings return system. 

)[ 1987 1 FSUIQMR 11 partial I partial 

1 Period source 

11 1988 1 FSUIQMR ]I partial partial 

'45- 
'62 

'63-78 

'79- 
'86 

no ) yes 

Marine Department 

Annala & Esterman 
(1 986) 

e.g. Sanders (1986) 

est. 

est. 

Yes 

'89-94 

For 1945-62, data were obtained from Marine Department Annual Reports: they were 
landings and numbers of vessels by port. These were aggregated by QMA and 
aggregated into the stocks and substocks described below. Numbers of days were 
estimated from the mean number of days per vessel (by QMA) in 1963-65, assuming that 
days per vessel were similar in the earlier years. For illustration purposes only, potlifts 
were estimated from the mean number of potlifts per vessel day in 1979 and the number 
of days estimated from vessel numbers. This was done by assuming that the number of 
potlifts per day was the same in earlier years as in 1979. 

est. 

est. 

Yes 

QMRICELR I( yes ( partial 

For 1963-78, data were from Annala & Esterman (1986): they were landings, numbers of 
vessels and estimated numbers of days by QMA, aggregated into stocks and substocks. 
The number of potlifts was estimated from the reported number of lifts per day (by 
QMA) in ,1979, under the assumption that the number of potlifts per day was the same in 
earlier years as it had been in 1979. 

It is likely that the number of potlifts per vessel-day increased from 1945 to 1978, and 
that the number of days per vessel also increased from 1945 to 1962 (see Breen 1989) 



The estimated days and potlifts made under the assumptions described above probably 
over-estimate effort, and under-estimate CPUE. 

For 1979-86, data were from Sanders' reports (e.g. Sanders 1986): landings, number of 
vessels, number of days and potlifts by QMA, aggregated into stocks and substocks. 
These data were compiled by the Fisheries Statistics Unit (FSU). 

For 1987, landings and effort by QMA were taken from the QMS-held FSU data, both 
increased proportionally by the ratio of total NSI stock QMR:FSU landings. The QMS- 
held FSU data differ slightly from the original data because of changes made when the 
FSU was disbanded. 

For 1988, total landings were obtained from QMRs by QMA, effort was estimated from 
the QMS-held FSU data increased proportionally by the ratio of QMR:FSU landings by 
QMA. 

For 1989-93, landings were taken from the QMRs by QMA; effort in potlifts was 
estimated from the Catch and Effort Landing Returns (CELR) system as reported by 
Booth et al. (1994). Extraction of these estimates from the CELR is complex, and details 
should be sought from Booth et al. (1994). 

For those data taken from databases, which change constantly as new data are entered or 
errors are corrected, the effective date of final data extraction was early August 1994 for 
the QMR data and late November 1994 for CELR data. 

CPUE data were 'standardised' for the years 1979-94, using the process described by 
Vignaux (1992). This procedure was required for the decision rule analysis (see Breen et 
al. 1994), and the resulting standardised CPUE was used in production analysis (section 
3). Standardisation was by calendar year, using year, month and statistical area as 
variables in the multiple regression procedure. The "year effect" was calculated relative 
to 1984 for each of the three substocks. Then, for each of the remaining years for each 
substock, standardised CPUE was calculated as the year effect times the "raw" 1984 
CPUE. Raw CPUE (total commercial catch divided by total commercial effort) was not 
markedly different from standardised CPUE. 

The reported catches and CPUE data for each of three substocks are given in Table 2b- 
2d. This table also shows data for the CHI stock (Table 2e) and the aggregate of the 
three NSI substocks (Table 2a). The latter data set is called the NST dataset. It differs 
slightly from what would be the NSI dataset because QMA 9 (Westland-Taranaki) has 
been excluded (section 1.3). 

2.2.2 Unreported, illegal, recreational and Maori catches 

The preceding section described commercial catches, which are the largest source of 
removals from the rock lobster stock. Other sources are also important. Although the 
data are much less certain, the Working Group has agreed to incorporate them into 
analyses. 



Breen & Kendrick (1994) described how "unreported" catches and "illegal" catches are 
defmed. Unreported catches are the annual discrepancy between exports and landings 
(Breen 1991) for the years 1974 through 1979; no illegal catch is estimated for these 
years. No unreported catch estimates are made for years after 1979; for these years an 
"illegal" catch estimate is available. The choice of the year 1980 to switch between 
unreported and illegal catches was arbitrary. 

2.2.2.1 Unreported catches 

Breen (1991) reported (see his table 1) the annual discrepancies between recorded 
landings and exports. The unreported catch was assigned to substock by year by using 
the proportion of reported landings by substock for that year: 

(1) unreported catch ,,,, ,,,,. ,,, = total unreported catch 

* (reported catch ,,,, ,,,,,,, / total reported catchcycar, ) 

The unreported catch estimates are given for each substock in Table 2. 

2.2.2.2 Illegal catches 

Breen & Kendrick (1994) described estimates made at various times by fisheries 
compliance authorities. They show the illegal catch estimates by QMA available at that 
time, which remained the most recent estimates available for the assessment described 
here. They estimated the time trend of the various estimates with regression so that an 
annual time series could be interpolated. The relation for the NST and CHI stocks 
combined was: 

(2) illegal catch (y,, = (53.97 * year) - 4155 

using only the last two digits of the year and making this estimate only for years after 
1979. This estimate is in tomes. 

For 1993, the Working Group agreed that a suite of management measures introduced to 
CRA3 in April 1993 probably reduced illegal catches substantially in that area. The 
estimated illegal catches compiled for the NST stock and NSC substock were therefore 
reduced by 150 t from the result obtained from equation (2). 

The illegal catch was assigned to substock for each year as a constant proportion of the 
total for that year, using the proportions observed in the mean 1990-92 data (Breen & 
Kendrick 1994). 

The illegal catch estimates are given for each substock in Table 2. 



2.2.2.3 Amateur catches 

Breen & Kendrick (1994) also described a procedure used to develop a time series of 
amateur catch estimates from the information available. This was modelled by assuming 
a zero catch in 1974 and a linear increase subsequently: 

(3) total amateur catch = 17.56 * (year - 74) 

using only the last two digits of the year, for years after 1974. The assumption of a zero 
amateur catch in 1974 is arbitrary. The consensus among managers involved in estimates 
reported by Breen (1989) was that amateur catches were small in the mid-1970s and had 
increased substantially since then as SCUBA diving became popular and retail fish prices 
increased. 

Some additional information was provided in 1994 (Alan Kilner, pers. comm.) based on a 
MAF Central Region recreational fisher survey, and the estimates for the Southern MAF 
Region were revised slightly (Laurel Teirney, pers. comm.).. The new information was 
not sufficiently different from existing information to warrant a change to equation (3). 

The amateur catch was assigned to stock for each year as a constant proportion of the 
total for that year, using the proportions observed in the 1992-93 estimates (Breen & 
Kendrick 1994). 

The amateur catch estimates are very crude. However, the likely errors have little impact 
on results because amateur catch estimates are small compared to the other catch 
components, at least on a substock basis. In some QMAs, amateur catches may be large. 
Amateur catch estimates are shown in Table 2. 

2.2.2.4 Traditional Maori catches 

There are no estimates of the traditional Maori catch. The Treaty of Waitangi Fisheries 
Commission and MAF Compliance were both approached for information, but neither 
responded. 

2.2.2.5 Total catch and CPUE trends 

Breen & Kendrick (1994) gave figures with commercial catches and estimated total 
catches for each stock and substock. Their figures, modified by the addition of one year's 
data, will not be repeated here; all data are shown in Table 2. 

However, standardised CPUE for the three substocks of the NSI stock was calculated and 
used in the "decision rule" described in section 1.2. Figures 1-3 show the estimated year 
effects (relative to 1984) for each substock, plotted with error bars of one standard error 
width. The decision rule defined a "significant" change for 1994 as one with no overlap 
of the standard error bars between 1993 and 1994. 



For the NSN and NSC substocks, the year index increased and the decision rule was not 
invoked for these substocks. Because it had been agreed in advance that no management 
action would be recommended in this situation, the Working Group did not require further 
analysis of these two substocks. 

Year effect decreased significantly between 1993 and 1994 for the NSS substock (Figures 
3 and 4). This invoked the decision rule for that substock. The NRLMG was then 
required to estimate 

"the amount of reduction required in total removals in order to allow for a 50% 
probability of the subsrock increasing in recruited biomass in the subsequent 
fishing year" 

This analysis for the NSS substock is described in section 3.  

For the CHI stock, CPUE continued to decline in 1993 (Table 2e). However, length 
frequency distributions from recent catch sampling showed little change from those 
obtained when the fishery first began (Figure 5). The Working Group developed and 
discussed a range of hypotheses that might explain these results, and agreed that stock 
assessment is stymied until further information can be obtained. 

3. SURPLUS PRODUCTION ANALYSIS 

To estimate the total removals that would allow a 50% probability of increase in recruited 
biomass for the NSS stock, as required by the decision rule described immediately above, 
MAF used surplus-production analysis. The deterministic current surplus production 
(CSP) for 1995 is the value required by the decision rule: if exactly the CSP were 
removed from the substock biomass, then the deterministic model predicts that the stock 
would remain the same. A stochastic model would therefore predict equal chances of 
stock increase or decrease. 

3.1 Model 

Previous assessments in this fishery have used a variety of surplus-production or 
" biomass-dynamic" approaches. Breen & Stocker (1 99 1) used a family of Schaefer 
models suggested by Schnute (1989) and a dynamic process-error version of the Fox 
model described by Yoshimoto & Clarke (1993). Breen & Kendrick (1994) used an 
observation-error time series (Polacheck et al. 1993) version of the Fox model. The 
latter authors suggest that this is the optimum approach to estimating model parameters. 

The Schaefer model implicitly assumes that optimum biomass, BMJy, is 50% of the virgin 
G 

biomass, B,. The Fox model implicitly assumes that B,, is 37% of B,. This ratio can 
be called 'shape' of the production function, and shape is unknown. The Pella-Tomlinson 
production model incorporates a shape parameter explicitly instead of assuming an 
arbitrary shape. However, as will be shown below, estimating shape in addition to the 
other production parameters is difficult. Breen & Kendrick (submitted) showed that shape 
is difficult to estimate correctly even when analysing simulated data containing no errors. 



Maunder & Starr (1995) argued that the estimates are sensitive to the shape of the relation 
between biomass and production, and suggested that the conclusions of the assessment 
might vary as the shape of the production function varies. 

We addressed this issue by using a generalised Pella-Tornlinson model and estimating the 
likely range of the shape parameter from independent information (see section 3.2). The 
model is 

(4) production, = rB, ((KIB, )P - 1) 

where r is a productivity parameter, K is the average virgin biomass, B, is recruited 
biomass at the beginning of year t ,  and p determines the shape. (The parameters r and p 
are confounded: a change in p requires a change in r to produce the same production at 
BMsy.) At p = 0, the ratio BmyIBO is 37%, as in the Fox model; at p = 1, the ratio is 
0% (maximum production occurs at zero biomass). The shape is given by 

Each year's biomass B, is estimated from the previous year's: 

where C, is the catch in year t. A simplifying assumption is that 

CPUE is used as an index of abundance. The CPUE in year t ,  I*, , is assumed to be 
related to biomass through the catchability coefficient, q: 

3.2 Estimating shape 

To estimate the shape parameter for the NSS stock, we constructed a simple age- 
structured model of the kind described by Breen et al. (1994). The model used estimates 
of growth, maturity, and fecundity for the NSS stock (see Annala & Breen 1988), and 
used assumptions about handling mortality and the differential in fishing mortality 
between males and females (females are protected when carrying eggs, which lasts for 
several months). The model and its parameter values is described below (see section 4.2). 

The model was run with a range of 'steepness' values in the Beverton-Holt stock-recruit 
curve. Steepness is a descriptor of the shape of the stock-recruit curve. A stock-recruit 
curve with a high steepness shows little diminution in recruitment as breeding stock is 
reduced, while recruitment declines quickly as breeding stock declines in a low-steepness 
relation. Steepness is defined as the percentage of virgin recruitment produced by a 
population reduced to 20% of B,. The relation between steepness and the conventional 
Beverton-Holt stock-recruit parameters is described below (equations (16) & (17)). 



The shape of the stock-recruit curve (steepness) affects the shape of the production 
function @ in equation (4)). A higher steepness implies a population with a lower ratio of 
B,,, lBo and vice versa. Higher steepness also implies a higher optimum yield per unit of 
initial biomass. 

To illustrate relations among steepness, the size of MSY relative to B,, the production 
ratio and shape parameter, the following table uses values for Fiordland (Breen & 
Kendrick submitted). 

In the work described below, the shape parameter p was set at 0.48, corresponding to an 
assumed steepness of about 0.85, giving a ratio B,,IB0 of 0.26. The shape parameter 
was varied in sensitivity tests described below. 

steepness 

3.3 Exploitation rate used as auxiliary information 

An identified problem with the results of surplus production analysis conducted in 1993 
was the lack of agreement between the exploitation rates estimated by the Fox model and 
independently from the analysis of length frequencies (see Breen & Kendrick 1994). The 
estimated value of F from length frequencies ranged from 0.31 to 1.44 for Fiordland and 
Stewart Island samples, corresponding to exploitation rates of 27 to 76%. However, the 
surplus production analysis estimated BCUIrCN at 13 600 t, and total removals of 1240 t 
from this would correspond to an exploitation rate of only about 9 % .  

MSYIB, 

For the analysis described here, we included estimates of exploitation rate (ERate,) as 
auxiliary information. We estimated exploitation rate from the total mortality rates 
estimated from length frequencies (see section 5). Exploitation rate for males was 
averaged across the Fiordland and Stewart Island samples, and across the years 1990-94. 
This gave F = 0.98. The relation between F and ERate is complicated by the partial 
protection on mature females. We used an age-structured model of the type described 
below to obtain the appropriate value of ERate for a population in equilibrium with this 
value of F for the NSS substock. The estimate used was ERare = 0.55 for 1990-94. 

BMsy /B, F,, P 



Inclusion of exploitation rate residuals in the fitting procedure is described below (see 
equation (lo), section 3.5). 

3.4 Production residuals 

Although the model is an observation-error model, we experimented with including 
'production residuals' which allowed the production in a given year to vary from that 
expected from equation (4). These were specified as pr,, and they modified annual 
production as follows: 

3.5 Fitting 

Parameters were estimated using least-squares estimation with the minirnising package 
Microsimplex (Schnute 1982, Mittertreiner & Schnute 1985). For the years 1945-62, the 
catches were used, but for those years the CPUE data are considered suspect. This 
procedure with respect to CPUEs was the same as used by Breen & Kendrick (1994). 

Models were fit by minimising the objective function T : 

(CPUE component) 

(ERate component) 

(production residuals component) 

where is the observed CPUE for year i and I*,,,,, is the predicted CPUE from (5) 
and (6) for year t;  similarly ERate ,,,,, and ERate ,,,, are the observed and predicted 
values of exploitation rate in year t, and pr, is the production residual for year t. 

Weights were used to control the relative contribution of each component to the total 
objective function and to exclude some years' observations from the objective function. 
The weight wtl, was set to 0.0 for years before 1963, and to 1.0 for years after 1962. 
This recognises the suspected poor quality of CPUE data prior to 1963. 



The weight wt2, was set to 0.0 for all years prior to 1990 and to 1.0 for the years 1990 
through 1994, so that estimated ERare ,,,, was used only for the final five years. These 
are the only years for which an estimate is available. 

The weights wt3 and wt4 were used to ensure that the exploitation rate and production 
residual contributions, when used (i.e. when these weights were non-zero), were of the 
same order of magnitude as the contribution from CPUE. In initial sensitivity trials, 
there was little effect on the estimates of varying these weights. They were therefore set 
at appropriate values and considered either 'on' or 'off'. Results will be shown from runs 
where only the CPUE contribution was used, both CPUE and ERate contributions were 
used, and where all three contributions were used. 

The minimisation found values for r, q and K that minimised equation (10). The ERate , 
values are not parameters: they are determined from the three parameters just listed. 
When production residuals were estimated, the model was first run with rvt, set to zero, 
then searching was continued with wt4 set to 1 after the procedure had found a minimum 
using the first two components of equation (10). 

The procedure was incapable of estimating production residuals for all years. Thirteen 
production residuals were estimated, each applying to two or three consecutive years. 
The first residual estimated applied to the years 1959-61, the next to 1962-64, and so on 
through 1985; the tenth residual applied to 1986 and 1987, and so on through 1993. 



3.6 Surplus production results 

Results from the fitting approach described above are shown in the following table. 

r 

q (times 10' ) 

K (= B,) (lo6 kg) 

wt3 

wt4 

SS from CPUE 

SS from ERate - 

The three columns show results when only the CPUE contribution was used in equation 
(lo), when the ERate contribution was added, and when all three contributions were used. 
When only CPUE was used, the results suggest an originally very large biomass (note the 
high K, but a very unproductive population (note the low r, low MSY and low CSP). 
These results suggest that the population has been slowly fished down over a long time. 
The fit of model predicted CPUE to observed CPUE is shown in Figure 6a, and the fit to 
observed ERare is shown in Figure 6b. The model results fitted CPUE quite well, but 
fitted observed ERate very poorly. This is the same discrepancy discussed by Breen & 
Kendrick (1994), and creates suspicion about the results from this fit. Predicted 
equilibrium catch as function of biomass, and observed catches, are plotted against model 

SS from pr, 

Bcurrcm ( lo6 kg) 

B ~ s v  (lo6 kg) 

Bcurrcnt 1'0 

- Bcurrrnr JBMY 

MSY (lo6 kg) 

CSP (lo6 kg) 

optimum ERate 

CPUE only 

0.0329 

0.3949 

101.15 

0.0 

0.0 

0.672 

0.000 

0.000 

21.71 

25.90 

0.215 

0.838 

0.787 

0.781 

0,030 

CPUE 
plus ERate 

0.2151 

2.9313 

39.16 

10.0 

0.0 

3.341 

0.319 

CPUE 
plus ERare 
plus Pr, 

0.2111 

2.8615 

37.25 

10.0 

1 .o 

2.065 

0.106 

0.000 

2.70 

10.03 

0.069 

0.269 

1.991 

1.516 

0.198 

0.437 

2.66 

9.54 

0.071 

0.279 

1.982 

1.527 

0.208 



biomass in Figure 6c, which shows the slow fishing down of the model biomass to a point 
just below BMsy by 1994. 

The results in Figure 6 are shown only for comparison with the results obtained using 
ERate as auxiliary information. No assessment conclusions are drawn from the CPUE- 
only results. 

The addition of auxiliary information, ERate, altered the results substantially. This was 
true even when the weight wt3 was small: when wt3 was non-zero, K decreased and r 
increased from the values in the first column of the table, and subsequent increases in wt3 
had little effect. The results suggest a moderately productive population which is 
substantially below BMsy, and at a very small percentage of B,. Fits of CPUE and ERate 
from the model to observed values are shown in Figures 7a and 7b respectively, and the 
production function is shown in Figure 7c. The fit to CPUE is degraded compared with 
Figure 7a, but the fit to ERate is much better. 

When production residuals were added, there were no substantial effects on the results 
(compare the second and third columns of results). The fits to CPUE and ERate, shown 
in Figures 8a and 8b, became much better because the pr, values allowed the year-to-year 
biomass to vary more than in the previous two fits. The production function is shown in 
Figure 8c, and the exp@r,) values are shown in Figure 8d. 

It is unlikely that the third fit can be called a better or more realistic fit to the data than 
the second unless the vector of pr, values can be shown to have some independent 
validity, such as a relation with ocean climate. Preliminary explorations show no 
correlation between the residuals shown in Figure 8d and the El Niiio - southern 
oscillation (ENSO) index. 

The effect of varying the shape parameter p is shown in the table below. These estimates 
were made using the CPUE and ERate contributions to the total sum of squares (SS). 



The procedure obtained a better fi t  when the shape parameter p was smaller. However, 
this trend continued beyond the reasonable range of p values. From the table in section 
3.2, a p value of 0.13 would imply a steepness of only 0.4, and from the YPR results this 
seems extremely unlikely. Breen & Kendrick (submitted) found from usins simulated 
data that p was not estimated correctly even when there were no systematic errors in the 
data. For these reasons, we did not attempt to estimate p from the data. 

The choice of p within the range shown in the table has a limited impact on the 
conclusions, even though K varies from 28.6 to 54.0 million kg and r varies from 2.125 
to 0.054. The ratio of current biomass to optimum biomass ranges only from 25.5 to 
39.4%, MSY ranges from 2355 t to 1565 t, and CSP varies only from 1470 to 15 13 t. 
These results suggest that the model used is insensitive, at least in the results important to 
management conclusions, to the choice of the shape parameter p. 

3.7 Simulation results 

Breen & Kendrick (submitted) explored the bias of important model results when 
estimates were made on data simulated from an age-structured model. The indicators they 
examined were K ,  MSY, CSP, and the ratio of B,,,,,,, to B,,,,. They examined bias using 
the value of shape parameter p appropriate to the data set, also using an inappropriate 
value. 

When the simulated data contained only random error in recruitment, the mean bias was 
reasonably small. Systematic errors were then introduced into the early catch data, a time 
trend of catchability was introduced, and error was introduced into the observed ERate. 
These errors influenced the ratio of current to optimum biomass quite badly, but they had 
only a small effect on the MSY and CSP estimates. 

The choice of correct or incorrect value of p affected the results, but not in a predictable 
or systematic way: sometimes the wrong p value compensated for the bias in the data and 
produced better results. In general, the effect of assumed p was smaller than the 
stochastic variation caused by random recruitment variation. 

The simulation results lend some credibility to the results shown in the table above as 
they relate to the decision rule. For the decision rule, the important comparison was 
between CSP and estimated current removals. The decision rule required an estimate of 
the deterministic CSP for comparison with removals; if removals were greater than CSP 
the NRLMG would have to consider how to reduce total removals. Estimated CSP 
appears to be about 25% higher than removals; the table above shows that this conclusion 
is insensitive to p; Breen & Kendrick (submitted) showed that CSP is well estimated even 
when the data time series has quality problems. 

4. YPR and EPR analyses 

Yield- and egg-per-recruit analyses have been reported for several areas in the previous 
two stock assessments (Breen & Anderson 1993; Breen & Kendrick 1994). For the 1994 
assessment we repeated this work to incorporate recent information. The recent 



information involves re-calculation of the size-at-maturity (SOlM) data for females and re- 
calculation of total mortality rate estimates from recent catch sampling data, using tail 
width (TW) instead of carapace length (CL) body measurements because the M I S  is 
actually based on TW. 

. 
We used a more conventional model than the moult-based model used previously and 
extended it to include a stock-recruit relation. This allows a relaxation of the assumption 
of constant recruitment, and we used the model to explore the relation between steepness 
and shape of the production curve (see section 3). 

In this section we will first describe revised growth parameters (section 4.1. l), 
morphometric conversions (section 4.1.2), and maturity estimates (section 4.1.3), then 
describe the model in section 4.2 and results in section 4.3. 

4.1.1 Growth 

Using a model with 1-year time steps requires modelling growth on an annual basis rather 
than using increment-per-moult and moult frequency data. For each of the areas 
Gisborne, Napier, Castlepoint, Kaikoura, Otago, Stewart Island and Fiordland, the data 
summarised in A m a h  & Breen (1988) were used to generate length-at-time curves for 
each sex on a spreadsheet. We used the mean increment per moult as a function of pre- 
moult size, and the interpolated mean inter-moult period as a function of pre-moult size, 
to generate a curve of length vs time, with arbitrary starting time and length. We then fit 
values of the conventional von Bertalanffy parameters L, and K ' to produce similar 
curves, especially over the range of carapace lensths most relevant to yield modelling 
(around 80-125 mm CL). 

Values of L ,  were chosen to lie in the range 190-220 mm C L  for males and 130-150 mm 
CL for females. These correspond roughly to the maximum sizes of males and females 
observed in the field. A variety of combinations of L,  and K gave equally good fits 
between the two curves. The von Bertalanffy parameters were estimated for two 
purposes: as input to yield-per-recruit analyses and to convert size frequencies to 'age' 
frequencies for estimating total mortality rates. YPR estimates are unlikely to be sensitive 
to error in the growth parameters. Sensitivity of the Z estimates to errors in growth 
parameters is less certain and will be explored further in future assessments. 

We did explore using the procedure GROTAG (Francis 1988) on some of the original tag 
return data, but this met with poor success: the range of sizes tagged was narrow, and the 
data are sparse. 

For use in estimating total mortality rates from tail width frequencies (see section j), the 
L ,  estimates in carapace length were convened to tail width from the morphometric 
regressions described below (see section 4.1.3). 

l Please note that K here is the Brody coefficient, and is unrelated to the 
constant K relating to the population size at which average production is zero, 
as in equation (4). 



Table 3 shows the estimates for L,  in rnm CL and rnrn TW, K estimates and M U  
values. 

4.1.2 Morphornetrics: Carapace length vs tail width 

The Stock Monitoring Program (e.eg Mackay & Banks 1991) has collected measurements 
of rock lobsters in catches around New Zealand since 1987. These measurements include 
carapace length (CL) and tail width (TW). We used these data to develop regressions 
describing the relation between CL and TW lengths for each area. 

All the data available on 26 April 1994 were extracted by statistical area and sex and 
checked visually for outliers by plotting one length against the other. Outliers were 
simply identified visually and discarded. 

Geometric mean functional regression (GMFR) (Ricker 1973) was used on untransformed 
data to establish the relation between carapace length and tail width for males and females 
from each statistical area sampled. Samples were further grouped by quota management 
area (QMA) and the sums of squares weighted by fishery landings for each area within a 
QMA; this was the method used by Breen et al. (1988). Catches reported on CELR forms 
for 1992 and 1993 were used to calculate the appropriate weighting factors from: 

where W, is the weighting factor for area j ,  C, is the catch in area j ,  C,,,, is total catch in 
the QMA, N ,,,,, is total number of fish measured in the QMA, and is number sampled 
in area j .  

Table 4 shows the numbers of fish that were measured in each statistical area, the catches 
and weighting factors used in the weighted regression. Table 5 shows the results for each 
statistical area and QMA for males and females respectively. 

1.1 .3  Size a t  the onset of maturity 

The size at onset of maturity (SOM, the size at which 50% of females are mature) was 
reported by Amala & Breen (1988), based on a variety of studies (see Amala et al. 
1980). Since then, rock lobster catch measuring has been conducted aboard fishing vessels 
at several key sites since 1987 (Mackay & Banks 1991, Burgess & Banks 1993), and 
maruriry or reproductive state has been recorded for females, based on the presence of 
eggs or the presence of setae on the pleopods. 

Previous maturity schedules reported by Breen & Kendrick (1994) were based on berried 
(ovigerous) females from catch sampling and were compromised by the requirement for - - 

samples from peak ovigerous periods. 

All catch sampling data from Gisborne, Fiordland and Stewart Island were re-analysed 
based on females with setae, allowing the entire data set to be used. The percent mature 
was plotted against tail width for each year for each area: no substantial differences in 
SOM were seen between years so the data were then pooled across years by area. 



The relation between the proportion mature, APr, (based on setae) at each size TW 
could be described by the model: 

(12) APr, = exp(a1 + b l  TW) 1 (1 + exp(a1 + b l  TW)) 

where a1 and b l  are constants. The parameters were estimated using least-squares 
estimation with Microsimplex (Schnute 1982, Mittertreiner & Schnute 1985) and are 
uiven in the following table for both tail width and carapace length. The carapace length 
3 

equivalents for SOM were converted from tail width using the morphometric regressions 
described in section 4.1.2. The number of females measured is n.  

Figure 9 shows the relation for Gisborne as an example. The simple model fit the data 
well for all areas examined. 

4.2 Models 

4.2.1 YPR model 

Area 

Gisborne 

Fiordland 

Stewart Island 

SOM 
(mmTW) (mm CL) 

The YPR model used by Breen & Kendrick (1994) was modified in two ways. First, the 
model was revised away from a moult-based time increment to a standard 1-year time 
increment. This involved revision of the growth submodel and simple substitution of 1 
year for the intermoult period in the remaining equations, as shown below. 

a l  

-14.4164 

-22.6136 

-26.5345 

n 

23 656 

71 402 

9 494 

42.7 

56.4 

67.0 

Second, the model was extended to incorporate the effects of a stock-recruit relation (see 
section 3.2). A Beverton-Holt stock recruit curve was used, and the model was extended 
to model 50 years of simulated fishing, rather than just 1 year at equilibrium as in 
previous versions. Usually YPR and EPR are calculated assuming that recruitment 
remains constant. This version allowed exploration of the consequences of recruitment 
that varies (deterministically) with stock size. 

b l  

0.33771 

0.401 18 

0.39615 

69.5 

96.5 

109.6 

The model was written as a multi-page spreadsheet in Lotus 123. 

4.2.2 Growth in length and  weight 

For each area, growth was modelled by the von Bertalanffy equation: 

where 1 is the mean length (in rnrn CL) of animals of sex indexed by sex and of age k 
years. Growth constants were different for each area (see Table 3), but area constants will 



not be used in this description. The constant to was chosen so that the carapace of animals 
first appearing in the model was 55 mrn, well below the M U  and SOM for all areas. 

The model contained 50 age groups, then it was assumed that lobsters died after their 
50th year in the model (at about age 52 or 53). This eliminated the need for a "plus 
oroup" . " 

Weight was estimated from length (rnrn CL), using a power function 
where a2 and b2 are the constants published by Saila et al. (1979) and shown in the table 
following. 

11 South Is. males 1 4 . 8 6 E - 4 1 t I : b : [  

South Is. females 5.48 E-4 

Area 

North Is. males 

North Is. females 

4.2.3 Recruitment 

Initial recruitment (the number of individuals N,,,,.,) for time t = 1 was arbitrarily set at 
one million. Subsequent recruitment was determined from a Beverton-Holt stock- 
recruitment function: 

a2  

6.35 E-4 

6.59 E-4 

where R, is the expected recruitment to the population at time t + I ,  eggs, is the 
population egg production in year t ,  and CY and 0 are parameters. Egg production will be 
described below. 

b2 

2.928 

2.932 

For convenience, the parameter "steepness" was used: this is the percentage of the virgin 
level of recruitment that occurs when the population is at 20% of initial biomass. 
Steepness (s) can vary from 0.2 (recruitment directly proportional to biomass) to 1 .0  
(recruitment constant at the initial level). The parameters are calculated from 

(16) a = (eggs.,, / N.,,) (1 - ((s - 0.2) / (0.8 s ))) 

where N.,, and eggs.., are the numbers and egg production of the initial population 
respectively. 

Nothing is known about steepness in Jasus edwardsii populations. We therefore varied 
steepness from 0.6 to 1.0 to examine the effect on reference points. 



When steepness is less than 1 .O, the definition of YPR changes from the usual concept. 
YPR becomes the yield at a given level of F divided by the original number of recruits. 

4.2.4 Numbers and catch 

For individuals smaller than the MLS minus 10 mm CL, numbers in the nest moult class 
for each sex are given by: 

where M is the instantaneous rate of natural mortality. Based on the literature survey of 
Breen & Anderson (1993), this was assumed to be 0.1. 

For individuals smaller than, but within 10 mrn of the MLS, equation 18 was modified to 
incorporate handling mortality: 

where F is the instantaneous rate of fishing mortality exerted and h'is a constant relating 
sublegal mortality to F. Following Breen & Kendrick (1994), h was set to 0.1.  

We assumed an MLS of 54 rnm TW for males in the four areas, and 60 mm TW for 
females at Gisborne and Castlepoint, 57 mm TW for females at Stewart Island and 
Fiordland. These sizes were converted to CL using the area-specific morphometric 
results shown in section 4.1.2: the results are shown in Table 3. It was assumed that all 
individuals above the MLS are equally vulnerable to fishing. 

For males above the MLS, numbers in the next age group next year are given by: 

The catch from age k males in year t  is given by: 

For females above the MLS, the model treated mature and immature females differently, 
reflecting the reduced vulnerability of egg-bearing females. Females bearing eggs must 
legally be returned to the sea. The egg-bearing season lasts about 6 months, so it was 
assumed as by A ~ a k i  & Breen (1989) that the fishing mortality rate for mature females is 
half the rate for males and immature females. Fishing is not evenly spread over the year, 
but fishing seasons do span both the egg-bearing and non-egg-bearing seasons, so this 
assumption is a good first approximation. 

The proportion of mature females in an age group was named APr, . This was calculated 
from equation (12) using the mean tail width of females of age k .  The proportion of 
immature females is thus 1 - APr, . The number of females in age group k + l  in year t + l  
was calculated by a modification of (20): 



The last element of equation (22) incorporates the handling mortality experienced by 
berried females. The catch of immature females in age group k in year r is given by: 

and the catch of mature females by: 

4.2.5 EPR model 

The number of eggs, f,, produced by a single mature female of age k was described by 

where a3 and b3 are constants summarised by Amala & Breen (1988) and given in the 
table below. 

Females bear one clutch of eggs per year, and are ovi,oerous for about half the year. The 
dimensions off ,  are eggs/(female yr-'). The total number of eggs produced by females of 
age k in year r is given by 

For each age group, (25) states that the number of eggs is determined by the number of 
females in the group times the proportion mature times the individual fecundity of a 
mature female. 

b3 

2.95 

3.11 

3.11 

3.38 

2.11 

3.18 

Area 

Gisborne 

Castlepoint 

Kaikoura 

Otago 

Stewart Is. 

Fiordland 

The virgin egg production eggs.,, was calculated, then subsequent egg production was 
expressed as a percentage of this. 

a3 ' 

0.2101 

0.0889 

0.0889 

0.0189 

9.2999 

0.0567 



4.2.6 Reference points 

The reference points estimated from these analyses were F,,, (the fishing mortality giving 
maximum YPR) and FZj ,  (the fishing mortality at which 25% of virgin egg production is 
produced). The choice of F2j% is somewhat arbitrary. F,,, was shown by Breen & 
Kendrick (1994) to be an unsuitable reference point and was not calculated. 

Reference points were calculated for the combined male and female fishery. For both 
reference points, the Fr6 calculated is that applied to males. Females in an age group 
experience a progressively smaller proportion of this rate as the proportion mature 
increases, because mature females are protected from fishing for an assumed half of the 
year. This Frd can be compared with the estimated current value of F ,  Feu,,,,, for males 
For females such a comparison is more complex (see Breen & Kendrick 1994). 

Associated with the reference F values for the combined catch are equilibrium biomasses. 
For instance, B,,, is the equilibrium biomass associated with F,,,. Biomass was 
calculated for each sex in year r as 

summed over all age groups for which length exceeded MLS. These were added to 
obtain a combined biomass for year r .  Thus the reference biomasses are recruited 
biomass before fishing. These are reported as a percentage of the recruited virgin 
biomass, B,. 

The areas examined in this analysis were: Fiordland, Stewart Island (both within the NSS 
substock), and Castlepoint and Gisborne (both within the NSC substock). These were 
areas for which catch measuring, growth, fecundity and maturity data were all available. 
For Castlepoint. growth and maturity data were taken from the published data from 
Kaikoura (Amala & Breen 1988). 

4.2.7 F ,,,,,, compared with F,, and F,,, 

For each area except Otazo (for which we have no estimated F,,,,,,,), we used the 
estimate of FCurren, derived from the Z estimate (see section 5.2) in the YPR and EPR 
model to obtain estimates of equilibrium yield and egg production for comparison with the 
reference levels. In estimating F,,,,,,, we used values for 1992 through 1994, rather than 
the whole series of values from 1989, as there may be time trends in the values from 
1989. 

4.3 YPR and EPR results 

Table 6 shows the equilibrium YPR, EPR and biomass estimates for each area at the 
estimated F,,,,,,, rates and at each of the calculated F ,~ ra t e s .  This comparison is made at 
three levels of steepness. 

Results are summarised in Table 6. At a steepness of 1.0 (the usual assumption in YPR 
modelling), the estimated FC,,,,, values are higher than the F,,, estimates for all the areas 
examined. and are higher than the Fz,, estimates for Stewart island and Fiordland. 



Although there is no F,,,,,, estimate for Otago, it is likely from the F,,,,, estimates for 
other places that these references are exceeded there too. 

Continuing with steepness of 1.0, equilibrium egg production at F,,,,, is low for Stewan 
Island and Fiordland, but exceeds 25% for Kaikoura, Castlepoint and Gisborne. 
Equilibrium biomass at F,,,,,, is low at all five sites for which F,,,,,, estimates are 
available. 

The effect of decreasing steepness is to make estimates more conservative: Fr@ estimates 
decrease relative to the values seen in the analogous cell for steepness = 1.0; equilibrium 
yields, egg production and biomasses at Fr@ all decrease. Note that the YPR model is 
very sensitive to steepness for Stewart Island and Fiordland: it predicts that, if steepness 
were low, dramatic stock-recruit effects should have been observed if the fishery had 
operated for long at the estimated F,,,,,,. That effects as dramatic as these have not been 
observed suggests several possibilities: F,,,,,,, estimates may be too high; steepness may 
be higher than 0.8; there may be a refuge breeding population in the southern area. 

As steepness decreases, the potential gain in yield, i.e.the theoretical increase in YPR that 
would result from moving from F,,,,,,, to F,,,, increases. At Gisborne this potential gain 
is 30% at a steepness of 1.0,  but is 100% at a steepness of 0.6. 

The great difference in responses of the southern and northern areas to these models 
(Table 6) is explicable from the SOM results: at Gisborne, many lobsters mature well 
below the MLS, so even intense fishing leaves a large residual breeding stock; the 
converse is true in the southern areas. 

The areas of concern suggested by Table 6 are sumrnarised in the following table, 
calculated at steepness = 1.0. This table is based on the equilibrium state that would 
occur if F,,,,,,,, were continued until equilibrium. 

Biomass 

/r~lsborns/. OK low 

)I Castlepoint 11 75% I OK I low 

I/ Kaikoura 11 86% OK I low 

11 Ste~van Island /I 90% I very low I low 

/ Fiordland 11 7870 low low 

At a steepness of 1 . O ,  equilibrium biomass would be 6 %  or less of virgin biomass in all 
areas, which is a common concern for all areas. The estimated percentage would 
decrease with decreasing steepness. Egg production would be moderately high in the 
northern areas and Kaikoura, but would be in the southern areas. There would be 
increased yield available in all areas, with a maximum of 33% increase available at 
Castlepoint; this increases as steepness decreases. 



5 .  Estimates of Z from field data 

Total instantaneous mortality rate, Z, was estimated in previous assessments (Breen &r 
Anderson 1993, Breen & Kendrick 1993). These authors used carapace length (CL) data 
collected by the catch sampling programme and growth rate estimates based on the data 
summarised by Annala & Breen (1988). 

Carapace length is no longer measured in catch sampling. Tail width is the basis for 
minimum legal size, and has been collected along with carapace length since the Stock 
Monitoring program began. Now that morphometric analysis has been conducted on 
these data (see section 4.1.2), it is redundant to collect further CL data. 

To establish a time series for comparative purposes, we recalculated Z estimates using tail 
width frequencies from catch sampling. Estimates were then used for comparison with 
reference values in YPR and EPR modelling (see section 4.3). 

5.1 Method 

Size frequencies in tail width were collated from catch sampling data obtained by the 
Stock Monitoring program. Data from several sampling trips were combined, taking care 
not to combine months of sampling data on different sides of peak moulting periods. 

Growth data were revised for each area as described in section 4.1.1,  and L, for each 
area and sex was converted from CL to TW using the area- and sex-specific 
morphometric regressions shown in Table 5. 

The size frequencies and growth data were then used to produce "linearised length 
converted catch curves" to estimate Z with Pauly's (1983, 1984a, 1984b) method (see 
Sparre er a[. 1989, p. 141). This method essentially assigns ages to fish based on their 
size and the assumed growth rate. Assuming constant recruitment, total mortality is 
estimared from a regression of log numbers vs 'age'. 

Accuracy of this method depends on the validity of several assumptions. First, the 
method assumes that coded age can be estimated from length. Variability in growth and 
errors in growth parameter estimates may cause departures from this assumption. 
Variability in growth rate probably does not cause bias if animals younger than predicted 
from their length and older than predicted from their length are equally distributed about a 
lengh. Errors in parameter estimates cause biased estimates of Z: over-estimates of L,  
or K cause over-estimates of Z. 

The method assumes that recruitment and mortality were both constant for the cohorts 
examined. Variability in recruitment can cause biases in Z estimates: recent high 
recruitment causes Z to be over-estimated and vice versa. If total mortality has not been 
constant. then estimated Z will be an average value for the corresponding period. 

The method assumes that the length frequency comes from a random sample of the 
population. The Stock Monitoring program cannot obtain a random sample of the catch, 
but instead samples catches from representative vessels in the main catching areas in the 
main catching seasons. Gear selectivity is unknown: escape gap sizes have been chosen 



so that legal-sized fish are unlikely to escape, but some incomplete recruitment to the gear 
at MLS is still possible. Other aspects of selectivity are unknown. 

The choice of lengths included in the regression can affect the Z estimates. In rhe work 
described here. we chose MLS as the first length to include. The mode invariably 
occurred at a size smaller than MLS. The last length included was determined by 
inspecting the fit: at larger sizes with few fish, these points sometimes exerted siznificant 
leverage on the fit, and such points were excluded. Where a length interval was empty in 
the data, that and all subsequent (i.e.larger fish) were excluded from the regression. 

Data for males and females were examined separately. Because females are partially 
protected (egg-bearing females cannot be taken), the Z estimates for females are usually 
less than those for males. The relation between male and female Z is not simple, because 
female maturity changes with size. We estimate exploitation rate from the male Z 
estimates only. 

5.2 Z estimates 

The estimates are surnrnarised and averaged in Table 7, which shows for each area the 
number of groups of samples, numbers of fish, range of Z estimates, and the simple mean 
Z estimate. Detailed estimates for each area are shown in Table 8. 

Total mortality rates appear to be have been high for males: estimates are about 1 .0  for 
South Island areas and are much higher for North Island areas. The estimates are in 
general much lower for females except at Stewart Island. However, in North Island areas - 
the estimates appear to be about 1.0.  

Fcurren, was estimated for each area by subtracting the assumed value of M, 0.10, from the 
mean of zrouped-sample Z estimates (Table 8) for males, 1992-94; results are given in 
Table 6. 



Management implications of the work presented above are basically the same as those 
presented in previous years. 

For all the areas examined, the current fishing intensity, reflected in F,,,,,, estimates. is 
higher than the reference point F,,, (the fishing intensity that would produce the greatest 
yield-per-recruit). Consequently, equilibrium sustainable yields at F,,,,,,, in each area 
examined are less than the theoretical maximum that could be taken with less intense 
fishing, and a 25-3370 increase could be obtained in the long term by reducing fishing 
intensity to F,,,,. In the short term, of course, yields would decrease if F were reduced. 

Equilibrium eg,o production under the current fishing intensity is less than 25 % of virgin 
levels in the Stewart Island and Fiordland areas, and probably in Otago also if steepness 
is less than 1.0. However, equilibrium egg production appears to be above 25% at 
Kaikoura, Castlepoint and Gisborne. This result is driven by the small size at maturity at 
those places. 

The very low equilibrium biomass at F,,,,, in all areas examined is a cause for concern. 
Low recruited biomass means that populations are more susceptible to fluctuations caused 
by variations in recruitment, survival or growth. The low biomass also has economic 
implications (Breen et al. 1994). 

Surplus production analysis was conducted on the southern substock only. This method 
appears to perform well on simulated data, even when systematic errors are introduced 
into the time series of catch and effort (Breen & Kendrick submitted). The NSS substock 
appears to be at a low biomass: only about 7% of virgin biomass. This result is 
consistent with the YPR results in Table 6. 

The NSS biomass is less than half the optimum biomass, B,!,,. This result is also 
consistent with the YPR results at steepness 1 .O,  and is insensitive to the shape parameter 
assumed when making the estimates. 

The surplus production analysis suggests that fishing intensity is much higher than 
optimum in the NSS substock. This result is also supported by YPR analysis. There is 
much greater consistency in the YPR and surplus-production results presented this year, 
because of the inclusion of ERate estimates as auxiliary information. 

Despite the poor condition of the NSS substock, recent standardised CPUE appears to be 
increasing (Figure 4),  the quota was fully caught in 1993-94 (Table I ) ,  and the CSP 
estimate from surplus-production analysis is higher than estimated removals. These 
indicators all suggest a likelihood of increase in this substock. 

We thank the members of the Rock Lobster Stock Assessment Working Group for ideas, 
comments and suggestions, Ray Hilborn for suggesting the production residuals, Jon 
Schnute for providing Microsimplex, and David Gilbert for his careful and helpful 
reading of the MS. 
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'I'able 1 .  'I'ACCs (on the last day ol' the fishing yeas (or 1 April 1994 for 1994-95 only), rounded to the nearest 0.1 t )  for each QMA for 
199 1-92, 1992-93, 1993-94 and 1994-95, landings for c:lcll QMA from the QMR systc~n for the I'isst three of those ye;trs, 
:111d the pcrceritage tlif'l'eretices bctwcen catch and 'I'ACC (llegative indicates 'I'ACC was not fully caught). Data iire I'rom 
Quota Ma~iagc~ilent Reports. 

199 1-92 1992-93 1993-94 1994-95 
Percent I'ercent I'ercenl 

QMA Code 'I'ACC Catch (t) cliflkrence 'I'ACC Catch (t)  difference 'SACC Catch (1) diI'Serence 'I'ACC 
-- 

N T 1-1 
Bo1' 
GSB 

WIII3 
CBM 
O'SG 
S'I'H 
W KI 

NSI Total 3 085.2 2 668.0 -13.5 2 725.3 2 339.3 -14.2 2 382.5 2 426.3 1.8 2 382.5 



Table 2a. NST stock: reported commercial landings, estimated unreported. illegal and 
amatsur landings, total landings (the sum of the preceding; all in kg); and reported or 
estimated commercial CPUE (kg per potlift). standardised CPUE for 1979-94. 

CATCH 
REPORTSD 

YEA2 CATCH POTLIZTS UNREPORTZD ILLEGAL AiiTEUR TOTAL CPUE 



Table 2b. NSN substock: reported commercial landings. estimated unreported. illezal and 
amateur landings, total landings (the sum of the preceding; all in ks); and reported or 
estimated commercial CPUE (kg per potlift), standardised CPUE for 1979-93. 

CATCH 
REPORTED .. 

YEA? CATCH POTLIFTS UNREPORTED ILLZGAL AMATEUX TOTAL C3UZ 



Table 2c. NSC substock: reported commercial landings, estimated unreported, illegal and 
amateur landings, total landings (the sum of the preceding; all in kg): and reponed or 
estimated commercial CPUE (kg per potlift), standardised CPUE for 1979-94. 

CATCH 
REPORTED 
CATCH POTLIFTS UNREPORTED ILLEGAL AMATEUR TOTAL 

436451 105345 0 0 0 436451 
467542 105620 0 0 0 467542 
561782 152992 0 0 0 551782 
843283 170531 0 0 0 843283 
995641 406452 0 0 0 995641 

1446519 538124 0 0 0 1446519 
1308742 675270 0 0 0 1308742 
1269318 702909 0 0 0 1269318 
1095164 806809 0 0 0 1095164 
1027038 760507 0 0 0 1027038 
876305 727326 0 0 0 876305 
798271 681728 0 0 0 798271 
609130 668479 0 0 0 609130 
704488 733572 0 0 0 704488 
753005 518145 0 0 0 753005 
788365 658369 0 0 0 788365 
842774 705087 0 0 0 842774 

1001230 792894 0 0 0 1001230 
813000 784486 0 0 0 813000 
1184000 872939 0 0 0 1184000 
1394000 998132 0 0 0 1394000 
1701000 1250398 0 0 0 1701000 
1493000 1310550 0 0 0 1493000 
1615000 1868244 0 0 0 1615000 
1472000 1801189 0 0 0 1472000 
1198000 1551358 0 0 0 1198000 
1050000 1446545 0 0 0 1050000 
1023000 1482381 0 0 0 1023000 
893000 1335182 0 0 0 893000 
874000 1175006 115092 0 0 989092 
983000 1269804 245224 0 10002 1238226 
1036000 1322533 206798 0 20004 1262803 
1033000 1321912 272975 0 30007 1335982 
989000 1191916 309670 0 40009 1338679 
1349926 1617554 130279 0 50011 1530216 
1584630 1797491 193373 0 60013 1838016 
1522157 1897896 0 149466 70015 1841639 
2125752 2322177 0 186694 80017 2392454 
2221389 2573085 0 223922 90020 2535331 
2456372 3080540 0 261151 100022 2817544 
2036416 2902920 0 298379 110024 2444819 
2213310 2979030 0 335607 120026 2668943 
1992831 3319698 0 372835 130028 2495694 
1392986 2698602 0 410063 140030 1943079 
1411637 2411783 0 447291 150033 2008961 
1306654 2707554 0 484519 160035 1951208 
1061244 2563416 0 521747 170037 1753028 
933529 2401875 0 558975 180039 1672543 

1071194 2274885 0 446203 190041 1707439 

CPUE 
------ ------ 
4 -143 
4.427 
3.672 
4.945 
2.450 
2.688 
1.938 
1.806 
1.357 
1.350 
1.205 
1.171 
0.911 
0.960 
1.453 
1.197 
1.195 
1.263 
1.036 
1.356 
1.397 
1.360 
1.139 
0.864 
0.817 
0.772 
0.726 
0.690 
0.669 
0.744 
0.774 
0.783 
0.781 
0.830 
0.835 
0.882 
0.855 
0.915 
0.863 
0.797 
0.702 
0.743 
0.600 
0.516 
0.585 
0.483 
0.414 
0.389 
0.471 



Table 2d. NSS substock: reported commercial landings, estimated unreponed, illegal and 
amateur landings, total landings (the sum of the preceding: all in kg); and reporred or 
estimated commercial CPUE (kg per potlift), standardised CPUE for 1979-93. 

CATCH 
REPORTED 

4 

YEAR CATCH POTLIFTS UNRZDORTED ILLZGAL AMATEUX TOTAL CDGE 



Table 2e. CHI stock: reported commercial landings, estimated unreported. illesal and 
amateur landinss, total landings (the sum of the preceding; all in kg); and reported or 
estimated commercial CPUE (kg per potlift) (all CPUE estimates are raw). 

CATCH 
REPORTED 

CATCH P O T L I F T S  UNREPORTED I L L E G A L  APnATEU2 m YE?G?. i O T A L  C P E  



Table 3. Growth parameters used in YPR and EPR modelling (section 4) and in estimating total mortality rates from size 
frequency distributions (section 5). The current MLS is given in n m  TW. For Gisborne, the MLS used in 
estimating total mortality rate is given in parentheses. For Otago, the MLS is 127 mm tail length. 

Area 11 mm C L  

- I F  
Napier 11 

il; Castlepoint 

Kaikoura 220 

Fiordland 11 225 

male I1 female 

mm TW yr -' mni TW I mm C L  

95.1 0.110 52(54)  

MLS 

mrn TW 



Table 4. The number of individual lobsters measured for 
morphometric analysis (see section 4.1.2) in each statistical 
area, and the catches for 1992 and 1993 calendar years. C, 
and N, are defined in the text. 

QMA Area C, (q. males N, females 



Table 5. Results of morphometric analysis described in section 4.1.2.  The constants a 
and b describe the relation between tail width (TW) (rnrn) and carapace lenzth 
(CL) (mm): 

Area a b QMA a b 

Males 

Females 



'l'able 6. 11esults !'lorn YI'l1 and 13'11 nioclelling (see section 4). 'I'lie thsee tables each slww results from one value of steepness in the 
stock-recsi~it rel;~tioli. Biomass is the pse-season bio~iiass at ecpilibriuni with the fishing mortality rate shown. I n  each table, the 
f'irst block of' v;~lucs shows the cslimakcl value ol' i<,,,,,.,,, a~id h e  e~luili[)r~iurn yield (g/recriiit), egg protluctiori (as a percenlage ol' 
virgin egg procluction), and ratio of' ecluilibriunl biomass to virgin biomass U ,  as a percentage; all obtainecl using I.',,,,,,,,, for each 
area. 'l'lie next block of' values shows thc estimated value I.;,,,,, ancl equilibrium values associated with i t  l'or each area. ' 1 ' 1 ~  I'in:~l 
I)lock of values shows the estimated value of f:,,, and ecluilibriuni values associated wit11 it for each area. 

Steepness 1.0 C i,rrttt ,  

Steepliess 0.8 

Castlepoint 
Kaikoura 0.95 
Otago 
Stewart 1s. 0.90 
Fiordland 

1: 

0.248 
0.254 
0.228 
0.200 
0.292 
0.205 

II I;,,,,, 

[ BID, 

4.3 
4.0 
5.7 

6.1 
4.4 

YPR 

449 
375 
415 
480 
516 
664 

EPR 

50.2 
52.7 
55.1 
12.2 
15.8 
39.2 

EPR 

28.7 
32.4 
37.6 

2.1 
10.5 

YI'II 

346 
281 
356 

464 
517 

Gisborne 
Castlepoint 
Kaikouri~ 
Otago 
Stewart Is. 
Fiordland 

1.50 
1.50 
0.95 

0.90 n- - - -  1.20 



Table 6 cont. 

Steepness 0.6 

Area 
- 

Gisborne 
Cnstlepoi~il 
Kai koura 
Otago 
Stewart Is. 
I'iorclla nd 

1;1ll,N l;zS% 

I; 

0.158 
0.162 
0.154 
0.074 
0.102 
0.117 

I T  

0.581 
0.810 
0.987 
0.090 
0.143 
0.235 

Yl'R 

380 
323 
363 
317 
357 
539 

EPR 

51.4 
53.9 
56.3 
33.1 
37.1 
46.4 

IIPR 

25.0 
25.0 
25.0 
25.0 
25.0 
25.0 

Y I'R 

282 
224 
238 
310 
339 
459 

BIB,, 

26.6 
25.3 
25.3 
35.5 
33.0 
29.8 

B/ljo 

6.5 
4.7 
3.7 
28.5 
22.5 
13.5 



Table 7. The number of groups of sampIes and number of fish measured 
for each area, the range of Z estimates obtained, and the simple mean Z 
estimate for samples obtained, 1989-94. See section 5 for details. 

- - 

Place Sex Groups n Z range mean Z 

East Cape M 
F 

Gisborne M 
F 

Napier M 
F 

Castlepoint M 
F 

Fiordland M 
F 

Stewart Island M 
F 



Table 8. Z estimatss from goups  of samples by area, date and sex. The 
third column gives the ranse of tail widchs used in the rsgsssion (see 
section 5.1). n is the number of fish in the sample or group of samples, ? 
is the coefficient of determination from the regession. 

TW 
Year Month(s) range n 2 Z 

Fiordland males 
89 9-11 
90 1 
90 2 
90 8 
90 9-11 
91 1 
91 8 
91 9-11 
92 1 
93 8 
92 9-11 
93 1 
93 8 
93 9-11 
94 1 
94 8 

Fiordland females 
89-90 9-1 
90 2 
90-91 8-1 
91-92 S-1 
92-93 8-1 
93-94 8-1 



TW 
Year Month(s) range n r' Z 

Stewart Island males 
87 8-10 
87 11 
88 8-10 
88 11 
89 8-10 
89 11 
90 8-10 
90 11 
91 8-10 
91 11 
92 8-10 
92 11 
93 8-10 

Stewart Island Females 
87 8-10 57-86 
88 8-10 57-63 
88 11 57-65 
89 8-10 57-65 
89 11 57-65 
90 8-10 57-65 
90 11 57-65 
91 8-10 57-65 
91 11 57-65 
92 8-10 57-69 
92 11 57-69 
93 8-10 57-73 



U 

Table 8 cont. 

TW 
Year Month(s) range n i Z 

Kaikoura Males 
89 10 
89 12 
90 1-10 
90 11 
90 12 
91 1-10 
91 11 
91 12 
92 1-10 
92 11 
92 12 
93 1-10 
93 11 
93 12 
94 1-10 

Kaikoura Females 
89-90 10-2 
90-91 10-2 
91 10-12 
92 1 . 

92-93 10-2 
93-94 10-2 

Castlepoint Males 
89 10 
90 1-10 
90 11 
90 12 
91 1-10 
91 11 
92 1-10 
92 11 
93 1-10 
93 11 
93 12 
94 1-10 



45 

Table 8 cont. 

TW 
Year Month(s) range n r' Z 

Castlepoint Females 

Gisborne Males 
89 10 
89 11 
89-90 12-1 
90 2 
90 10 
90 11 
90-91 12-1 
91 9 
91 10 
91 11 
91-92 12-1 
92 9 
92 10 
92 11 
92-93 12-1 
93 6 
93 7 
93 8 
93 11 
94 2 
94 6 
91 7 
94 8 

Gisborne Females 
89 9 
89 10-11 
89 12 
90 1 
90 2 
90 10-11 
90 12 
91 1 
91 9 
91 10-11 
91 12 



46 

Table 8 cont. 

TW 
Year Month(s) range n f Z 
t lsborne bemales ( cont.) 
92 1 
92 9 
92 10-11 
92 12 
93 1 
93 6 
93 7 
93 8 
93 11 
94 2 
94 6 
94 7 
94 8 

Napier Males 
87 6 
87 7 
87 8 
87 10 
87-88 12-1 
88 6 
88 7 
88 8 
88 9 
88 10 
89 'Y 
89 8 
89 9 
59 10 
89-90 12-1 
90 2 
90 9 
90 10 
90 11 
90-91 12-1 
91 9 
91 10 
91 11 
91-92 12-1 
92 9 
92 10 
92 11 
92-93 12-1 
93 9 



4 7 

Table 8 conc. 

TW 
Year Month(s) range n i Z 

Kapier Males ( cont.) 

Napier Females 

East Cape Males 
89 9 
89 10 
89 11 
90 10 
90 1 1  
90-91 12-1 
91 10 
91 11 
91-92 12-1 
92 10 
92 11 
92-93 12-1 
93 8 
93 10 
94 2 
94 7 
94 8 



Table 8 concluded. 

TW 
Year Month(s) ran,oe n r Z 

East Cape Females 
89 9-11 
90 10-11 
90 12 
91 1 
91 10-11 
91 12 
92 1 
92 10-11 
92 12 
93 10 
94 7 



FIGWE CAPTIONS 

Figure 1. NSN substock: year effects from the standardised CPUE analysis 
described in section 2.2.1. Vertical bars are one standard error on 
each side of the point estimate. 

Figure 2.  NSC substock: year effects from the standardised CPUE analysis 
described in section 2.2.1. Vertical bars are one standard error on 
each side of the point estimate. 

Figure 3. NSS substock: year effects from the standardised CPUE analysis 
described in section 2.2.1. Vertical bars are one standard error on 
each side of the point estimate. 

Figure 4. NSS substock: year effects from the standardised CPUE analysis 
described in section 2.2.1, 1989-94. Note the truncated scale. 
Vertical bars are one standard error on each side of the point 
estimate. 

Figure 5 .  Length frequencies from catch sampling at the Chatham Islands at 
various times. 

Figure 6a. Predicted and observed CPUE for the NSS substock. Only 
CPUE after 1962 was used in fitting the model. This fit was made 
with only the CPUE contribution to the total sum of squares in 
equation (10). 

Figure 6b. Predicted and observed ERare for the NSS substock. This is 
from the same fit shown in Figure 6a. 

Figure 6c. Observed catches and predicted equilibrium catches as a function 
of biomass for the NSS substock. This is from the same fit shown in 
F i y r e  6a. 

Figure 7a. Predicted and observed CPUE for the NSS substock. Only 
CPUE after 1962 was used in fitting the model. This fit was made 
with the CPUE and ERate contributions to the total sum of squares 
in equation (10). 

Figure 7b. Predicted and observed ERare for the NSS substock. Only 
ERate after 1989 was used in fitting the model. This is from the 
same fit shown in Figure 7a. 

Figure 7c. Observed catches and predicted equilibrium catches as a function 
of biomass for the NSS substock. This is from the same fit shown 
in Figure 7a. 

Figure 8a. Predicted and observed CPUE for the NSS substock. Only 
CPUE after 1962 was used in fitting the model. This fit was made 
with the CPUE, ERare and production residual contributions to the 
toral sum of squares in equation (10). 



Figure 8b. Predicted and observed ERare for the NSS substock. Only 
ERare after 1989 was used in fitting the model. This is from the 
same fit shown in Figure 8a. 

Figure 8c. Observed catches and predicted equilibrium catches as a function 
of biomass for the NSS substock. This is from the same fit shown 
in Figure 8a. 

Figure 8d. Production residuals (exp@r,)) estimated for the NSS substock. 
This is from the same fit shown in Figure 8a. 

Figure 9. The proportion of animals mature as a function of size. data are 
from Gisborne, 1989-94. The smooth curve joins the values 
predicted from the relation described in section 4.1.3. 
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Figure 5. 

Percentage carapace length frequency of Jasus 
edwardsii measured at the Chatham Islands 
from 1966 -1 994. 
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F i g u r e  9 


