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1. Executive Summary 

For CRA 3, a simple size-structured model was modified to include female lobsters, then 
fitted to catch per unit of effort (CPUE) data from 1989. The addition of females did not 
improve the model's ability to fit the data, and a forcing penalty was required to obtain 
credible estimates of female abundance parameters. 

The model fitted the data well otherwise, although it was sensitive to assumptions about 
non-commercial catch trends and the pot-related incidental mortality rate. Stochastic 
projections indicated a 75% probability that the biomass will continue to increase in the 
next two years with the current input and output controls. 

For CRA 4 and CRA 5, a new length-based model was fitted to both CPUE data and 
length frequencies. Sensitivities were examined by comparing maximum likelihood point 
estimates with those from the base cases. The assessment itself was based on the 
posterior distributions for parameters and derived parameters, or fishery indicators. 

The model fitted CPUE and length frequency data well, and gave similar results even 
when only one data set - CPUE or length frequency - was used in fitting. Results seemed 
robust to other sensitivity tests. 

For CRA 4 and CRA 5, current biomass appears to be above B,, and appears likely to 
remain above B,, in 2004, both at the current level of commercial catch and at levels of 
increased catch proposed by the industry. 

For all three areas, suggestions for improved assessments are made. 

2. Introduction 

2.1 Overview 

The spiny lobster Jasus edwardrii supports the most valuable inshore fishery in New 
Zealand, with annual exports worth well over $100 million. Continuing sustainability and 
optimum use of this fishery are major management goals. 

For a literature review see Breen & McKoy (1988). For fishery descriptions see Annala 
(1983) and Booth & Breen (1 994). For recent management details see Annala & Sullivan 
(1 998) and Booth et al. (1 994). 



The commercial fishery (an inshore trap or pot fishery in the areas described here) has 
been managed since 1990 with a system of individual transferable quotas (ITQs). A total 
allowable commercial catch (TACC) is in effect for each of nine management areas. 
Other management measures involve minimum legal sizes (MLS), recreational bag 
limits, protection of ovigerous females, and some area and seasonal closures (these affect 
CRA 3 and will be described fully below). 

Legislation requires that New Zealand fisheries be managed so that stocks are maintained 
L 

near BMsr, the biomass associated with the maximum sustainable yield (MSY). The 
Ministry of Fisheries w i s h )  annually advises the Minister of Fisheries whether stocks 
are at or above BMsy and whether current TACCs are sustainable and likely to move 
stocks toward BMsY. The work described here was conducted by NIWA under contract 
MoF804B to the Ministry to provide such an assessment for each of the quota 
management areas CRA 3 (Gisborne), CRA 4 (Wellington-Hawke's Bay) and CRA 5 
(Canterbury-Marlborough). 

Recent assessments for CRA 3 have involved a simple size-structured model with a 
monthly time step (Breen & Kendrick 1997a). This model evolved fiom one developed 
in 1993 to advise the Minister of Fisheries on proposed changes to size limits and the 
seasonal structure of the fishery. At the request of MFish, this model was revised to 
incorporate females as well as males (the fishery has become a predominantly male 
fishery, and the model previously included only males) and to upgrade the estimates of 
customary Maori catches and recreational catches. 

Outside CRA 3, recent assessments involved an 'age'-structured model (Breen & 
Kendrick 1997b). For the 1998 assessment, NIWA collaborated with the New Zealand 
Rock Lobster Industry Council (RLIC) in developing and testing a length-based model of 
the type described by Punt & Kennedy (1997). The model has a number of tail width 
size classes for each sex. Recruitment to the smallest size classes depends on previous 
spawning stock biomass and a stock-recruit relation, with stochastic variation estimated 
by the model. The numbers in larger size classes in subsequent years depends on survival 
fiom natural and fishing mortality, and sex- and size-specific maturity, selectivity and 
growth. This model was fully described by Stan et al. (1999). 

This report describes the revised CRA 3 model, data used in the assessment and the 
results for CRA 3. Where the length-based model for CRA 4 and CRA 5 differs fiom 
that described by Stan et al. (1999), those differences are described. Data and 
assessment results are presented for CRA 4 and CRA 5. 

3. CRA 3 assessment 

3.1 Overview 

CRA 3 management differs fiom that in other areas for historical reasons. In 1992, 
industry and managers agreed that the CRA 3 population of lobsters was badly depleted. 
A package of management measures was adopted that included seasonal restrictions on 



the commercial fishery, different seasonal restrictions on the recreational fishery, reduced 
commercial catch quota, and a reduced MLS for males during the 3-month winter 
commercial fishery. The background to and detailed description of the package were 
provided by Breen & Kendrick (1 996, 1997a). 

In brief, the main elements were: 

substantial reduction of the Gisbome area TACC, from about 330 t to 164 t, for the 
1993-94 through 1995-96 seasons. 

reduction of the commercial season. The commercial season was previously 
unrestricted; under the package it was open only in April, June, July, August, 
February and March. 

reduction of the recreational and Maori customary season. These were previously : 

unrestricted; under the package (with concurrence fiom these sectors) these fisheries 
were closed fiom September through November. 

prohibition on landing female lobsters during the June through August commercial 
fishery. 

reduction of the MLS for males for the June through August commercial fishery only. 
This reduction was a 2 mm decrease fiom the 54 mm tail width (TW) size in effect 
throughout most of the rest of the country. 

This package was successful, perhaps in association with good recruitment, in causing the 
fishery to rebuild: larger lobsters are more abundant and CPUE is much higher than in 
1993. In light of assessments, The TACC was increased progres&ely for the 
1996-97 (205 t), 1997-98 (223 t) and 1998-99 (327 t) fishing years. The last increase 
brought the level of commercial catch to the level before reductions in 1993. The 1998 
assessment made projections based on this level of catch. 

Because of the seasonal complexity of the package, a model with a fine time scale was 
required for assessment, and the model used a time step of one month. The reduced M&S 
in the winter required that appropriate size groups be modelled. 

3.2 Terms of reference 

The relevant objective in NIWA's contract with MFish for the 1998 assessment was: 

To revise and update the current males-only stock assessment model for CRA 3 (used by 
NIWA in 199 7). This work will: 

for the first time incorporate estimates offemale biomass 

include 1998 CPUE data in the fittingprocedure 



estimate current biomass in relation to Burr 

evaluate sensitivity of the model results to the estimates for recreational, Maori 
traditional and pot-associated mortalities 

The key activities for this work were: 

1, revising the extant CRA 3 model, 

2. collating data required for the assessment, 

3. using the model to estimate Bo, BMSy and Barrent, and evaluating sensitivity of the 
estimates to component catch estimates. 

3.3 Revised CRA 3 model 

3.3.1 Structure 

The previous model (Breen & Kendrick 1997a) estimated the Gisborne lobster population 
of males only. The fishery before 1993 was restricted only by the prohibition on 
ovigerous females, but was nonetheless predominantly a fishery on male lobsters. In 
November catch sampling, 1989-92,72.3% of the retained catch was males. Few females 
are taken in the present fishery because most lobsters are caught during the male-only 
winter fishery. 

The model was built as an Excelm spreadsheet. The time step is one month, beginning in 
October 1989. The model considers male lobsters in three size classes: those less than 52 
mm tail width (TW) (indexed as SSL), those equal to or greater than 54 mrn TW (indexed 
as L), and those in the intervening class (indexed as SL). In the model, all male moulting 
occurs once per year in October, so recruitment was modelled in October. The L males 
are always legal; the SSL always sublegal; and the SL are legal in June, July and August 
of 1993 and subsequent years, otherwise they are sublegal. 

The model also considers three size classes for females: those less than 58 mm TW 
(indexed as SSL), those between 58 and 60 mm TW (indexed as SL), and those equal to 
or greater than 60 mm TW (indexed as L). As for males, the SSL are always sublegal 
and the L always legal. The SL females were legal until April 1992, when they became 
sublegal by reason of an MLS change. 

3.3.2 Initial conditions 

Initial numbers for males (at the beginning of October 1989) for each size class are given 
by: 



where R """, a constant annual recruitment to the single cohort less than 54 mm TW, is a 
parameter to be estimated. The split, giving one-third of the recruitment to class SSL and 
two-thirds to SL, is arbitrary. The initial number of legal-sized males in October 1989, 
Nma" 0, is also a parameter to be estimated. 

Initial numbers for females are similar and involve two analogous parameters: 

(4) NfemaIeeSSL - female 
t - 

Equation (5) is arbitrary and affects only the first year: an initial number of females in the 
SL class is required for the first year only. After the first year, numbers in the SL class 
for females are addressed by the dynamics equations described below. 

When the model estimated the four parameters N ~ ~ ~ ~ ~ ,  NmIeo , Rme and R""~ freely, 
the female parameters were estimated as zero (or negative unless constrained). We 
therefore examined the data to find a reasonable initial percentage of females. In the area 
with the best data for the spring (statistical area 9 10 for November), females comprised 
28% of the total catch, including sublegal individuals. This was a mean for all years of 
data. The raw mean for October through December, for all three statistical areas 909-91 1 
and for all years, was similar: 3 1%. To force the model to reproduce the 28% value, a 
penalty is added to the function value, based on the proportions of females in October 
1989, October 1990, October 1991 and October 1992. 

This approach treats the problem as if females were actually less abundant than males in 
this area. That might arise from differential mortality or behaviour; it is likely that the 
sex ratio is 1 : 1 at settlement. An alternative approach might have been to model lower 
female vulnerability. 

3.3.3 Dynamics 

Recruitment to the model takes place in October of each year. Males of classes SSL and 
SL move to class L as described below, and a new cohort is modelled with equations (1) 
and (2). Females of class SL move to class L, and females of class SSL move to class SL 
as described below. Recruitment of a new cohort to class SSL is modelled with equation 
(4). 



Dynamics of legal and sublegal lobsters are different. Sublegal lobsters comprise males 
and females of class SSL, females of class SL after March 1992, and males of class SL in 
all months before 1993 and months other than June, July and August in 1993 and later. 

In months other than October, numbers of sublegal lobsters are updated fiom equations of 
the form: 

where A is the finite natural mortality, 1 - exp (-Ml12). The instantaneous rate of natural 
mortality, M, is assumed to be 0.1 Olyr. U commercial , is the commercial exploitation rate for 
the month, U " ' O ~ ~  is the customary exploitation rate. These are explained below. The 
parameter h, estimated by the model, describes all pot-related mortality as a fraction of 
~ornmercial ,: this mortality includes poor handling, predation by Octopus spp., and illegal 
removals fiom pots. 

Exploitation rates are calculated fiom catch and biomass in a given month. Commercial 
exploitation rate, U commercial , , is given fiom commercial catch and the legal biomass: 

(8) 
Ucommercial - c commercial 

1 - 1 / . g a l ,  

Customary exploitation rate is calculated similarly fiom customary catch and total 
biomass (there is no MLS for the customary fishery). Recreational exploitation rate is 
calculated fiom recreational catch and the legal biomass. 

Biomass is calculated fiom the product of numbers and weight. Total biomass is given 
by: 

and legal biomass by: 

where the summation is over sex and size class, wt sex, class is the sex- and class-specific 
weight, and where VSeXk is the month- and sex-specific vulnerability. In equation (9c) the 
summation includes female class SL before April 1993 and male class SL for June, July 
and August of 1993 and subsequent years. Sex and size-specific weights were estimated 
fiom the length-weight relation (see 4.4.1 below) assuming a uniform distribution in the 
size class, except for males in the L class, where catch sampling data were used as the 
basis for estimating mean weight fiom the length-weight relation. Weights used were: 



Female Years Weight (g) 
SSL all 353 

Male 

all 
all 

SSL 
SL 
L 
L 
L 
L 
L 
L 

all 
all 

1989-90 through 1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

1998-99 through 2000-01 

Legal lobsters are males and females of class L, females of class SL before April 1992, 
and males of class SL in June, July and August of 1993 and later. Numbers of legal 
lobsters are updated from equations of the form: 

where  is the month-specific vulnerability for males. The factor 0.5h accounts for 
that part of pot-related mortality that applies to legal lobsters. The factor h includes thefts 
from pots, Octopus predation and handling mortalities. The first two are assumed to be 
half the total mortality described by h, and therefore apply to legal lobsters as well. The 
sensitivity to this assumption was examined. 

Males and females were assumed to have to have differential vulnerability to fishing, 
based on seasonal variation in the relative proportions seen in catch sampling. This 
addresses seasonal differences in relative vulnerability only. Figure 1 shows the observed 
proportion of females in area 910 (the area fiom which catch sampling was most 
complete) and the seasonal vulnerabilities of females. Male and female vulnerabilities 
were: 

month male female 
1 1 0.80 
2 1 0.60 
3 1 0.50 
4 1 0.45 
5 1 0.30 
6 1 0.30 
7 1 0.30 
8 1 0.45 
9 1 0.80 
10 1 1 .oo 
11 1 0.80 
12 1 0.80 



Recruitment takes place in October each year. Males in classes SSL and SL are 
determined fiom equations (1) and (2); females in class SSL fiom equation (4). Males in 
class L are updated fiom 

Females in class SL are updated from 

and females in class L fiom 

3.3.4 Predictions 

The model is fitted to observed CPUE data for each month. Predicted CPUE is 
calculated as 

where q is the catchability coefficient, calculated fiom 

where n is the number of CPUE observations. 

3.3.5 Fitting 

female female The four parameters N , , , Nmafe0 , and R m" were estimated by minimising the 
sum of squared log CPUE residuals, T, excluding months in which there was no fishing, 
using the Excel solver: 

The second part of the equation compares the observed proportion of females in 
November, 0.28, with the model's predicted proportion,pt, for the years 1989 through 
1992. The weight w is arbitrary, and was set to 10. 



As in previous assessments in CRA 3, when the model was allowed to estimate the pot- 
related mortality coefficient, h, it estimated a value considered too high to be realistic. 
The value of h was assumed to be 0.4, and sensitivity to this assumption was examined. 

3.4 Data 

The model was fitted to commercial CPUE as described above. CPUE was obtained by 
month for area CRA 3 fiom the W i s h  Catch and Effort Landing Return (CELR) 
database. In other areas where a yearly index is used, CPUE is standardised with a linear 
model (Vignaux & Kendrick 1998), using month, statistical area and year as model 
variables. In CRA 3, where there are only three statistical areas and a month-year effect 
would be required, such standardisation is impractical. CPUE fiom October 1989 
through April 1998 (the last month for which data were available) is shown in Table 1. 
CPUE has increased substantially fiom 1993 to the present. 

The model is driven by (or conditioned on) catches from the commercial, recreational and 
customary fisheries. Data fiom the commercial fishery are available from the Quota 
Management Report (QMR) database held by Wish. These are also shown in Table 1 
fiom October 1989 through April 1998 (the last month for which data were available). 

MFish and the Rock Lobster Fishery Assessment Working Group agreed, after 
considering the limited data available on recreational and customary catches, to assume 
catches of 20 t per year for both recreational and customary catches. These were 
arbitrarily distributed through the fishing year as shown in Table 1. 

3.5 Model estimates 

3.5.1 Base case estimates 

The fit of the predicted CPUE to observed CPUE and the pattern of residuals are seen in 
Figure 2. The model appears to capture both the seasonal pattern in the fishery between 
1989 and 1993 and the substantial increase in CPUE since 1993. The residuals suggest 
some problems with the fit: a strong seasonal pattern results from observed CPUE 
decreasing more during the season than the model would predict. 

Model estimates and other values for the base case were: 

How 
Variable 

NJema"n 
determined 

estimated 
estimated 
estimated 
estimated 
assumed 
assumed 

calculated 
calculated 

Value 
2 042 000 
3 257 000 

843 700 
1 062 100 

0.4 
0.1 

0.000001 593 
0.272 



Figure 3 shows the numbers of males and females in each of the three classes during the 
period estimated. This shows very high mortality rates (steep declines in numbers fiom 
October through September of each year) for both legal and sublegal lobsters until 1993, 
and progressive decreases in mortality since then. The mortality rate for SL males 
increased in 1993 when the small winter MLS became active, but then decreased 
progressively. The 1998 rate is far less than the 1990 rate, despite these lobsters being 
vulnerable during winter. 

3.5.2 Deterministic model projections 

From the estimates described above, the model made a deterministic projection of the 
population to the beginning of April 2001. Necessary assumptions for this projection are: 

recruitment remains constant at R femnle and R male 

0 catches remain constant at their 1998-99 levels (327 t, 20 t and 20 t for commercial, 
recreational and customary fishing respectively) 

seasonal fishing patterns remain the same as in 1997 

MLS retains the pattern of 1997 

Under these assumptions, the legal biomass would increase 17% from the beginning of 
April 1998 to the beginning of April 200 1. 

3.5.3 Stochastic model projections 

Stochastic projections were made for the same period by specifying a CV of recruitment 
deviations, OR. This was assumed to be 0.4. Recruitment in October of 1998, 1999 and 
2000 was calculated as follows: 

where E is a normally distributed (mean 0, standard deviation 1) random number; 
similarly for males. A macro was written to make 1000 projections and save the 
projected biomass. 

The distribution of stochastic biomass estimates in 2001, as a proportion of biomass in 
1998, is shown in Figure 4. These ranged from 61% to 274%, with a median of 114%. 
In 75% of runs, the 2001 biomass exceeded the 1998 biomass. 

3.5.4 Sensitivities 

The model was run with different assumptions to determine whether its results were 
sensitive to assumptions. The assumptions tested were: 



pot-related mortality, h, is 0.4 

legal lobsters are subjected to 0.5 times the pot-related mortality 

the November proportion of females was 0.28 in the first four years 

the non-commercial catch estimates are correct 

The first three were tested by examining the function value, T, and the deterministic 
model projections. The amount of deterministic rebuild was greater, and the fit was 
better, when h was higher (Figure 5). Changing the second assumption had little effect 
on the fit or the rebuild (Figure 6). The model fit was better when the assumed initial 
proportion of females was lower (Figure 7), but there was little effect on the rebuild. 

Thus, of the first three assumptions, the model was sensitive only to h, the assumed rate 
of incidental mortality. 

Sensitivity to the fourth assumption, involving the non-commercial catch estimates, was 
tested with the stochastic model, observing the effect of changed non-commercial catches 
on the percentage of cases in which the 200 1 biomass exceeded the 1998 biomass. For 
each trial, non-commercial catches were assumed for the 1989-90 and 1997-98 fishing 
years; they were interpolated between these years but remained at the 1997-98 level for 
subsequent years. The model was run to estimate a new parameter set, and a set of 1000 
projections made from that parameter set. These results were: 

Recreational catch Customary catch Cases 
1989-90 1997-98 1989-90 1997-98 rebuilding (%) 

20 26 23.5 50 67.5% 

In the first test, changing the pattern of these catches to that assumed (at MFish request) 
in 1997 had little effect on rebuilding (67.5% of cases showed rebuilding). Changing the 
level of constant catches from 20 t (the base case) to 10 or 50 t also had little effect. 
However, changing the assumed historical pattern of catches, so that they increased 
substantially between 1989 and 1998 as in the last test, had a large impact - the cases 
rebuilding declined to 46%. 

Although this model is useful in making predictions about short-term changes, in its 
present form it cannot be used to estimate Bo or B M ~ Y .  Both depend on the growth pattern. 
The present model incorporates growth crudely through the mean weight for lobsters in 
each of six sizelage groups. Rather than change this model, we plan to address the 
CRA 3 assessment in future with a version of the length-based model described below. 



4. CRA 4 

4.1 Overview 

Previously, CRA 4 and CRA 5 have been considered only along with CRA 3 as part of 
the NSC substock (Booth & Breen 1992). Based on strongly increasing CPUE and in t 

light of apparently good predictive success with the purpose-built CRA 3 model, 
industry requested separate assessments for each of CRA 4 and CRA 5. The CRA 4 
industry intended to request a TACC increase of 16.25%, depending on assessment 
results, so the assessment examined the potential impact of this increase. 

4.2 Terms of reference 

Contract objectives for this part of the work were: 

I .  To work with RLIC in developing or modzfiing a model for use in CRA 4 and CRA 5 
separately by modelling the population of both males and females. The model will have 
the capacity to 

use the catch histories for all sectors of the$shery 

use the time series of standardised CPUE estimates since 1979 

use indices of length frequency available jFom catch samjding and logbook programs 

estimate current biomass in relation to Burr 

make stochastic forwardprojections to evaluate the impacts of alternative fiture TACCs 

Key activities for this objective were: 

1. to develop, with RLIC, a new length-based model and verify correct operation of the 
model with a parallel spreadsheet version of the model, 

2.- to standardise CPUE for the two areas CRA 4 and CRA 5, 

3. to obtain updated data for the assessment: catch time series for the commercial, 
recreational, customary Maori and illegal sectors, and appropriate indices of length 
fkequency from the catch sampling or logbook programs where available. 

4. to fit the model to these data, explore sensitivities and estimate uncertainty around 
model parameter and derived parameter estimates, 

5. to make stochastic forward projections to evaluate the population consequences of 
various alternative TACC strategies. 



All but the second part of activity 1 will be reported below. Activity 1 results were 
reported by S t m  et al. (1999). 

4.3 Length-based model 

A length-based model was developed by RLIC scientists (Starr et al. 1999) with input 
and collaboration from NIWA. The model as it was used to assess the northern and 
southern substocks (NSN and NSS) was described in detail by Starr et al. (1999). 

The model used by NIWA and the version used by RLIC contained some differences, 
which were as follows. 

Growth was estimated outside the NIWA version and used to generate a growth 
transition matrix, which was used as data input to the model. In the RLIC version as 
used for the NSN substock, growth parameters were estimated fiom the catch rate and 
length frequency data as model parameters, and the growth transition matrix was 
calculated within the model. (In the NSS assessment, the RLIC model used fixed 
growth parameters estimated outside the model, as described here.) 

Length frequencies were predicted in the NIWA version separately for males and 
females, and maturity was ignored when predicting female length frequency. The 
RLIC version predicted the proportions of males, non-berried and berried females in 
one vector that summed to unity. That is, as well as predicting the frequency of males 
of one length relative to males of other lengths, it predicted the frequency of males 
relative to females. The NIWA version did not attempt this. 

The difference for this approach lay in the data used by the two versions. The RLIC 
assessment was for two areas in which extensive data had been collected in voluntary 
logbook programs. The proportions of males and females were therefore considered 
to be representative of those in the total catch, because logbook sampling is a nearly 
constant fiaction of the total catch (see Starr & Vignaux 1997). 

By contrast, the NIWA assessment for CRA 4 and CRA 5 involved catch sampling 
data. This sampling is more intensive over a smaller range of fishing. The program 
samples the months and statistical areas with the highest catches in each area, and 
recent changes in fishing pattern have forced some design changes. In this sampling, 
the relative proportion of males and females in the sample, and especially the relative 
proportions of berried and non-berried females in the sample, depend on when 
sampling took place. The relative proportions of males and females may not be 
representative of the total catch. 

The NIWA version estimated the female maturity ogive outside the model and used 
its parameters as data input. In the RLIC version, the parameters determining the 
ogive were estimated by the model fiom the catch rate, length frequency data and 
relative proportions of berried and non-berried. 



The RLIC version estimated a parameter describing the differential vulnerability of 
males relative to females. In the NIWA version this was not necessary. 

4.4 Model inputs 

4.4.1 Fishery and biological data 

The assessment collated data by "assessment year", which runs from 1 September 
through 31 August. This was done to try to use all available recent CPUE data. In 
practice, no useable CPUE were available after the end of the 1997-98 fishing year (3 1 
March 1998), and future assessments may change to the fishing year. 

Commercial landings data were collated by year from 1945. The data to 1979 are 
available only as calendar year; these were treated as if they had been collated by 
assessment year. These are shown in Table 2. 

Recreational catches were estimated by the Ministry as 118 000 individuals fiom diary 
surveys in 1996 (Bradford 1998). For the assessment, the mean weight was assumed to 
be 0.61 8 kg, giving a recent recreational catch of 73 t. The Working Group agreed to 
assume that this level of catch had been constant since 1980, and that recreational catch 
was 20% of this value in 1945, with a linear interpolation for years 1946-79. These are 
also shown in Table 2. The accuracy of recreational catch estimates is unknown. 

The Working Group requested customary Maori catch estimates from MFish but did not 
receive a reply; thus these were not included in the model data. 

The Working Group also requested illegal catch estimates fiom MFish without receiving 
a reply. An estimate provided in 1997 was 75 t unreported illegal catch. This was 
combined with previous MFish estimates for earlier years, and with previously estimated 
illegal catches for the NSC substock (Breen & Kendrick 1994). The illegal catch time 
series is shown in Table 2. The accuracy of the illegal catch estimates is probably low. 
The estimates presented above are the best available, but their quality is much lower than 
that of the commercial catch estimates. The Working Group registered its low 
confidence in these estimates in the Working Group Report (Annala & Sullivan 1998). 

CPUE data were standardised as described by Vignaux & Kendrick (1998). The year 
effects are shown in Table 2. 

Length frequency data were available for 1 1 years, from the 1986-87 assessment year 
through the 1997-98 assessment year (assessment years are subsequently referred to by 
their second year, so the 1997-98 year is referred to as "1998"). These data are shown in 
Figure 9. The "effective sample size" for length frequencies was based on the number of 
fish measured in each sample: 



Year n 
1987 3 026 
1988 9 113 
1989 6 894 
1991 30 522 
1992 20 355 
1993 11185 
1994 19 350 
1995 13 769 
1996 16578 
1997 39180 
1998 5 728 

Growth parameters were estimated from the information surnmarised by Annala & Breen 
(1988, 1989). The growth increment estimates and moulting frequency estimates were 
combined and converted to von Bertalanffl estimates, and the carapace lengths were 
converted to tail widths (Breen & Kendrick, unpublished data): 

Females Males 
Lm 96.3 113.0 
K 0.060 0.065 

Length-weight parameters were estimated from catch sampling (Breen & Kendrick, 
unpublished data) for use in 

where j indexes size group, wt is in grams and 4 is tail width in millimetres. 

Females Males 
a -5.32 -6.80 
b 2.79 3.28 

Maturity parameters were also estimated from catch sampling (Breen & Kendrick, 
unpublished data) for use in 

(19) mj = mmax /(1 + exp(-ln(l9)( 4 - m50)l(m95 - m50))) 

where mj is the proportion mature in size group j, m50 is the size at which half the 
individuals are mature, m95 is the size at which 95% of individuals are mature, and mmmc 
is the maximum proportion mature. 

The parameters m50 and m95 were estimated as 43.83 and 50.08 respectively. In the 
model, mmax is not strictly the maximum proportion mature, but is the proportion of 
mature females vulnerable to the fishery. If all fishing took place in the egg-bearing 
season, mmax would be 1; if it all took place outside the egg-bearing season, mmax would 
be 0. This parameter was estimated by the model. 



Two parameters c and d describing size-specific fecundity were given by Breen & 
Kendrick (1997b) for the relation 

These were 0.862 and 2.9 16 respectively. 

Handling mortality was assumed to be 10% of the mortality caused by commercial and 
recreational fishing. [In the CRA 3 model described above, "pot-related mortality" 
included lobsters stolen from pots, Octopus predation of lobsters in pots, and handling 
mortality. In this model, "handling mortality" includes only handling mortality.] This 
acted on mature females and sublegal lobsters. 

4.4.2 Bounds and priors 

Bounds and priors used for the parameters estimated by the model were: 

Parameter 
M (natural mortality 

h (steepness) 
RO (initial recruitment) 

recruitment residuals 
m m w  (maximum proportion mature) 

Lfirll (length at full vulnerability) 
varL (left hand limb vulnerability) 

varR (right hand limb vulnerability) 

Type of 
prior 

uniform 
uniform 
uniform 

lognormal 
uniform 
uniform 

lognormal 
lognormal 

lower upper 
bound bound mean CV 

0.05 0.15 
0.8 1 

0 50 000 
-2.3 2.3 0 0.4 
0.25 1 

40 82 
10 800 40 1 

100 10000 1000 1 

The model estimated separate values of the vulnerability parameters for males and 
females, but used the same priors. The left hand limb, varL, was estimated twice: varLl 
was applied to length frequencies before 1993, when escape gaps were introduced and 
changed the selectivity of pots. After 1992, the parameter varL2 was applied. 

The prior on M reflected the Working Group's knowledge of the literature for similar 
species. The prior on h was somewhat arbitrary in the face of limited information. The 
uninformative prior on RO was set wide enough that the model never came near the 
bounds. Bounds on the recruitment residuals were set to constrain recruitment between 
0.1 and 10 times the expected value. Priors on the three parameters describing 
vulnerability were established by consensus while examining curves generated by 
different values. 

4.5 Model fitting 

Fitting was as described by Stan et a1. (1999). The model was implemented in 
ADModelBuilderRV'. The "maximum likelihood" point estimates W E )  from the base 
case assumptions were used as the basis for sensitivity tests. These are not pure 



maximum likelihood estimates, because the negative log likelihood function being 
minimised contains contributions from the Bayesian priors. Sensitivity tests compared 
estimates of parameters and derived parameters: by excluding the CPUE or length 
frequency data, by fixing the right-hand limb of the vulnerability curve, by increasing or 
decreasing L ,  by 25%, and by decreasing the assumed illegal catch vector by 50%. 

The actual assessment was based on a Bayesian approach in which 5000 samples were 
drawn from one million Monte Carlo-Markov chain simulations to obtain the posterior 
distributions of parameters and derived parameters. The posteriors were surnrnarised by 
the mean, mode, and 5 and 95 percentiles. 

The derived parameters included six performance indicators agreed by the Working 
Group and described by Annala & Sullivan (1998) and Starr et a1.(1999). 

4.6 Model results 

Results from the base case point estimates are shown in Figure 8. The fit to CPUE was 
reasonably good. The model estimated larger than average recruitments in the 1988-92 
period, and estimated declining vulnerability with increasing size, especially for males, 
where the parameter was on its lower bound. This resulted in a large "cryptic" biomass. 
Because of this, the model's estimated BMS~ (vulnerable biomass) was the same as MSY, 
indicating an optimum exploitation rate (legitimate catchlvulnerable biomass) of 1. 

Model exploitation rate increased towards 0.8 (past which a penalty function, described 
by Starr et al. (1 999), restricted it) during the late 198Os, with a steep fall from 1990. 

The fit of the model to male and female length frequency data is shown in Figure 9. 

Performance indicators for the base case suggest a fishery operating above BMsy: the 1998 
biomass was about twice the estimated Bmy. The deterministic projection to 2004 at the 
same TACC suggested a slight decrease in recruited biomass. 

The large cryptic biomass and high optimum exploitation rate are both of questionable 
reality. However, when vulnerability was made constant with increasing size (varR fixed 
at a high value, Table 3), the results continued to suggest a stock above BM.  This 
pattern remained when CPUE data were not fitted, and when length frequency data were 
not fitted: both these results were similar to each other and to the base case. 

Changing growth and reducing the assumed illegal catch similarly had no effect on the 
qualitative conclusions that current biomass is above BmY and is likely to decline slightly 
at the current catch level until 2004. 

A number of parameters were constrained by the bounds in these tests: M was nearly 
always against the upper bound of 0.15; mmax was usually against the lower bound, but 
sometimes against the upper; the left hand l i b  of male vulnerability after 1992 was 



often against its lower bound, and the right hand limb of vulnerability for males was often 
against the lower bound. 

Posterior distributions of the parameter estimates and results are shown in Figure 10. 
The posterior distribution for h was flat, suggesting that the data contain no information 
about this parameter. 

Posterior distributions are summarised in Table 4. In this table, the ratios of recruited 
biomass in 2004 to 1999 biomass and to estimated BMsy are compared for both the current 
TACC and the proposed TACC with a 16.25% increase. The percentages of simulations 
in which biomass in 2004 was greater than BMsY and 1999 biomass, for both projected 
TACCs, are shown below. 

1998-99 increased 
TACC TACC 

Bzood>B1999 46% 37% 
B2004>Bmy 100% 99% 

For the base case, this indicates that recruited biomass is likely to remain about the same 
whether the TACC is increased or not, and is highly likely to remain above Bmy. 

5. CRA 5 

5.1 Overview 

CRA 5, like CRA 4, was previously considered only as part of the NSC substock. Based 
on strongly increased CPUE and in light of the apparently good predictive success with 
the CRA 3 model, industry requested separate assessment for CRA 5. The CRA 5 
industry intended to request an increase of 15%, depending on assessment results, so the 
assessment examined the potential impact of this increase. 

Terms of reference for the assessment were the same as for CRA 4 (see 4.2 above). The 
same model (see 4.3 above) was used. 

5.2 Fishery and biological data 

Data were handled in the same way as for CRA 4 (see 4.4.1 above). Commercial catches 
are shown in Table 5. Recreational catches were estimated by the Ministry as 41 000 
individuals in 1996 (Bradford 1998). With an assumed mean weight of 0.858 kg, this 
gave a recent recreational catch of 35 t. The Working Group agreed to assume that this 
level of catch had been constant since 1980, and that recreational catch was 20% of this 
value in 1945, with a linear interpolation for years 1946-79. These are also shown in 
Table 5. The accuracy of recreational catch estimates is unknown. 

The Working Group requested customary Maori catch estimates ftom MFish but did not 
receive a reply; thus these were not included in the model data. 



The Working Group also requested illegal catch estimates from MFish without receiving 
a reply. An estimate provided in 1997 was 37 t unreported illegal catch. This was 
combined with previous MFish estimates for earlier years, and with a proportion of 
previously estimated illegal catches for the NSC substock (Breen & Kendrick 1994). The 
illegal catch time series is shown in Table 5. The accuracy of the illegal catch estimates 
is probably low. The estimates presented above are the best available, but their quality is 
much lower than that of the commercial catch estimates. The Working Group registered 
its low confidence in these estimates in the Working Group Report (Annala & Sullivan 
1998). 

CPUE data were standardised as described by Vignaux & Kendrick (1 998). The year 
effects are shown in Table 5. 

Length frequency data were available for 9 years, fiom the 1990-98 assessment years. 
These data are shown in Figure 12. The effective sample size used in fitting was based 
on the number of lobsters measured: 

Year 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

The same growth estimates, length-weight and length-fecundity parameters used for CRA 
4 (see 4.4.1 above) were used for CRA 5. Maturity parameters were estimated fiom 
catch sampling in CRA 5. The parameters m50 and m95 were estimated as 49.70 and 
57.01 respectively. As in CRA 4, handling mortality was assumed to be 10% of the 
mortality caused by commercial and recreational fishing. 

5.3 Bounds, priors and model fitting 

Bounds and priors were set exactly as described above (see 4.4.2 above) for CRA 4. The 
fitting procedure was the same as for CRA 4 (see 4.5 above). 

5.4 Model results 

Results from the base case point estimates are shown in Figure 1 1. The fit to CPUE was 
reasonably good. The model estimated lower than average recruitments in the 1980s and 
higher than average in the early 1990s. It estimated declining vulnerability with 
increasing size, especially for males, where the parameter was on its lower bound. This 



resulted in a large "cryptic" biomass. Because of this, the model's estimated BmY was 
the same as MSY, indicating an optimum exploitation rate of 100%. 

Model exploitation rate increased towards 0.8 (past which a penalty function, described 
by Stan et al. (1999), restricted it) during the late 1980s, with a steep fall from 1988. 

The fit of the model to male and female length frequency data is shown in Figure 12. 

Performance indicators for the base case MLE suggest a fishery operating above BMsy: 
the 1998 biomass was about twice the estimated B ~ Y .  The deterministic projection to 
2004 at the same TACC suggested a slight increase in recruited biomass. 

As for CRA 4, the large cryptic biomass and high optimum exploitation rate are both of 
some concern. When vulnerability was forced not to decline with increased size 
(Table 6), the results continued to suggest a stock above BMsY, although not as far above 
as in the base case. When CPUE data were not fitted, the model suggested a stock just 
below BMsy, but when length ffequency data were omitted and the model fitted only to 
CPUE, the stock was estimated to be above Bmy. 

Changing growth and reducing the assumed illegal catch had no effect on the qualitative 
conclusions that current biomass is above BMsY. In all sensitivity tests, the deterministic 
projections to 2004 showed increasing biomass. 

A number of parameters were constrained by the bounds in these tests: M was nearly 
always against the upper bound of 0.15; the left hand lirnb of male vulnerability after 
1992 was always on the lower bound; and the right hand lirnb of vulnerability for males 
against the lower bound in the base case and in the growth and illegal catch tests. Unlike 
the situation in the CRA 4 results, mmax usually floated between the bounds. 

Posterior distributions of the parameter estimates and results are shown in Figure 13. 
The posterior distribution for h was flat, suggesting that the data contain no information 
about this parameter. 

Posterior distributions are surnmarised in Table 7. In this table, the ratios of recruited 
biomass in 2004 to 1999 biomass and to estimated BMsy are compared for both the current 
TACC and the proposed TACC with a 15% increase. The percentages of simulations in 
which biomass in 2004 was greater than BMsy and 1999 biomass, for both projected 
TACCs, are shown below. 

1998-99 increased 
TACC TACC 

B2w>B1999 77% 63% 
B2004>BUTY 100% 99% 

For the base case, this suggests that recruited biomass is likely to remain about the same 
whether the TACC is increased or not, and is highly likely to remain above Bmy. 



6. Discussion 

The simple size-structured CRA 3 model continues to fit well to observed CPUE with a 
monthly time step (Figure 2). Without great biological complexity, it successfully 
captures the seasonal pattern of the fishery from 1989 through 96 or so, the generally 
declining CPUE from 1986 through 1993, and the strongly increasing CPUE since 1993. 
It does this with no recruitment residual estimates. 

The pattern of residuals (Figure 2) suggests that the model has structural inadequacies. 
During the 1989-93 fishery, the model tends to predict a greater range of CPUE than was 
observed, so residuals (predicted minus observed) are positive in the period after the 
October moult and negative in the period before the October moult. In the fishery after 
1993, the converse is true - the model tends to predict a narrower range of CPUE than 
was observed, especially in the winter fishery. The model has no seasonal catchability 
realism for males, which may explain part of these patterns. 

Adding females to the model, while increasing the biological realism, may not have 
improved the model. The model was unable to make positive estimates of the two female 
abundance parameters. Females could be estimated credibly only by artificially forcing 
the model to reproduce the proportion of females in early years. This model behaviour is 
obviously unrealistic. 

It is not understood why the proportion of females in catch sampling data is nearly 
always less than 0.50. Females may be behaviourally less vulnerable to the gear; fishers 
may for some target areas with good catches, which happen to have concentrations of 
males; or females may move from the area fished. The second explanation seems 
unlikely - the fishery was prosecuted at a high level in the early 1990s, and areas with 
females would have been sought and fished. 

Model sensitivity to other assumptions is good, except for the pot-related mortality 
coefficient. The model is unable to estimate this credibly, always producing an 
unrealistically high value, so a value is assumed (0.40). The results are sensitive to this 
assumption: if the value is lower, then the assessment is more pessimistic. 

This is intuitively easy to understand. If pot-related mortality is high, then the recovery 
from 1993 is explained by reduced handling mortality brought about by reduced fishing 
effort. Reduced effort was, in turn, produced by reduced catch quotas and reduced MLS 
in 1993, and later by increased stocks that allowed the catch to be taken with less effort. 
If pot-related mortality is low, then the model has more difficulty (reflected in the fit - see 
Figure 5) in explaining the increase. 

The model is also sensitive to non-commercial catches - not to their absolute values, but 
to their historical patterns. The assessment was based on the assumption that non- 
commercial catches have remained at constant levels during the past 10 years. This is 



unlikely to be true. Both recreational and customary catches would be expected to be 
adaptive, and to increase with increasing stock size. If these catches have a strongly 
increasing trend, then the assessment becomes more pessimistic with respect to the 
likelihood of future increase. 

Stochastic simulations suggest a good likelihood (75%), at least under the assumptions 
used, that biomass will continue to increase in the next two years with the current MLS, 
TACC, non-commercial catches and seasonal fishery patterns. This indication must be 
tempered by the sensitivities just discussed. 

The model is fitted only to CPUE. A logical next step would be to move away from this 
model, although it has been good in predicting future catches from 1995, and use a more 
formal length-based model, as described above for CRA 4 and CRA 5. This would allow 
length frequency data fiom catch sampling to be incorporated into the assessment. 

Consideration should also be given to assessing CRA 3 as part of a larger area with 
natural affinities. 

6.2 CRA 4 and CRA 5 

The 1999 assessment (part of which was described by Starr et al. 1999) was the frrst to 
use the length-based production model. The major changes fiom previous assessments 
with an age-structured production model (e.g., Breen & Kendrick 1997b) were: 

using a transition matrix to describe growth, rather than assuming mean lengths-at- 
size 

incorporating a vulnerability-at-size relation 

0 incorporating prior distributions into the likelihood fitting procedures 

basing the assessment on posterior distributions of the parameters and derived 
parameters. 

The model apparently performed well, in that: 

tests of the model with simulated data showed low bias except with high observation 
error CVs in the data (Starr et al. 1999) 

the length-based model gave results similar to those of the age-structured model for 
the NSS substock (Starr et al. 1999) 

the model fitted both CPUE and length frequency data well, independently of each 
other, and gave robust results for the CRA 4 and CRA 5 stocks. 



The CRA 4 and CRA 5 assessments are very similar. Qualitatively, both suggest that 
current biomass is above BMsY and that it will remain above BMsY both with the current 
TACCs and with the proposed increased TACCs. 

These conclusions are robust to the two data types: they remain the same when the model 
is fitted only to CPUE and only to length frequencies. (The exception is that in CRA 5, 
when the model is fitted only to length frequencies, current biomass is estimated to be 
just below BMsy.) This result indicates that the two data series contain the same 
information about trends in the stock. 

The conclusions seem reasonably robust to the other sensitivities examined. Estimates of 
non-commercial catch continue to be inadequate for the stock assessment for rock 
lobsters. The absolute magnitude of the historical non-commercial catches is less 
important than the historical trends, but present catches and their likely trends are of great 
importance in making fishery projections. 

Based on this assessment, the Minister of Fisheries increased the TACCs in both CRA 4 
and CRA 5 to the levels requested by industry for the 1999-2000 fishing year. 

Although these conclusions seem robust, the model results suggest some model mis- 
specification somewhere. Natural mortality rate was on the upper bound in most runs, 
one of the maturity parameters was usually on the upper or lower bound in CRA 4, and 
the vulnerability curve, especially for males, was often on the bounds. 

The last causes some credibility problems with the base case: for both CRA 4 and CRA 5 
the model results suggest a large invulnerable biomass (Figures 8 and 11) because of the 
declining vulnerability for larger lobsters. In turn, this causes the optimum exploitation 
to be high - 100% in both base cases. With a steep declining limb on the vulnerability 
curve, lobsters remain vulnerable to the fishery for only a few years, so the best fishery 
strategy (given these results) is to fish at high rates to maxirnise yield. 

One must question seriously whether such results are realistic. While it is likely that 
larger lobsters have decreased vulnerability compared with those close to MLS, the 
decline is unlikely to be as steep (i.e., varR is unlikely to be as low) as that seen in the 
base case MLE estimates. There are essentially no data on vulnerability-at-size for the 
New Zealand fishery. A priority should be to obtain overseas information on this 
mechanism and to estimate vulnerabilities directly for Jasus edwardsii. 

When the model was forced to use a vulnerability curve with a flat right hand limb (varR 
fixed at a high value), the qualitative results were the same. The MSY and optimum 
exploitation rate estimates were decreased; BMsY estimates increased. This case might be 
a better choice for the base case until vulnerability data are acquired. 

Several model refinements should be considered: 

growth could be estimated within the model rather than being estimated externally 



the maturity parameters m50 and m95 could be estimated within the model rather than 
being estimated externally 

the maturity parameter mmax should be respecified 

0 data on the seasonal distribution could be included in the fitting procedure 

a shorter time step could be used in fitting 

vulnerability-at-size estimation would benefit from some experimental data on which 
to base priors 

handling mortality could be estimated as a parameter rather than being assumed 

a longer series of CPUE could be used in fitting, with the earlier years having lower 
weight than later years 

The 1999 assessment will examine whether indices of pre-recruit abundance are u s e l l  in 
the model fitting. 
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Table 1. Observed commercial catches, assumed recreational and customary catches, and 
commercial CPUE for the CRA 3 fishery by month. Month 8910 is October 1989, etc. 

Month 
8910 
891 1 
8912 
900 1 
9002 
9003 
9004 
9005 
9006 
9007 
9008 
9009 
9010 
901 1 
9012 
9101 
9102 
9103 
9104 
9105 
9106 
9107 
9108 
9109 
91 10 
9111 
91 12 
920 1 
9202 
9203 
9204 
9205 
9206 
9207 
9208 
9209 
9210 
921 1 
9212 
930 1 
9302 
9303 
9304 
9305 
9306 
9307 
9308 

Commercial 
catch (kg) 

55 804 
71 937 
74 368 
49 075 
19 995 
17 658 
6 229 
3 378 

12 725 
23 766 
11 858 
20 670 
60 430 
72 765 
53 909 
26 152 
19 549 
8 952 
9 613 
1 335 
6 951 

20 948 
13 430 
10 950 
37 859 
55 988 
53 687 
29 862 
13 509 
9 792 
2 994 
1 528 

12 800 
11 931 
9 071 
3 789 

13 590 
36 850 
43 419 
34 051 
11 032 
11 826 
5 827 
5 216 

50 928 
44 524 
15 516 

Recreational Customary 
catch (kg) catch (kg) 

CPUE 
WW 

0.502 
0.662 
0.723 
0.491 
0.362 
0.399 
0.313 
0.198 
0.298 
0.377 
0.263 
0.360 
0.565 
0.644 
0.550 
0.406 
0.327 
0.282 
0.294 
0.143 
0.25 1 
0.253 
0.220 
0.182 
0.339 
0.427 
0.438 
0.324 
0.252 
0.230 
0.226 
0.138 
0.226 
0.181 
0.173 
0.132 
0.209 
0.317 
0.4 13 
0.355 
0.267 
0.261 
0.271 
0.212 

0.598 
0.478 
0.247 



Table 1 cont. 

Month 
9309 
93 10 
9311 
93 12 
940 1 
9402 
9403 
9404 
9405 
9406 
9407 
9408 
9409 
9410 
941 1 
9412 
950 1 
9502 
9503 
9504 
9505 
9506 
9507 
9508 
9509 
9510 
9511 
9512 
960 1 
9602 
9603 
9604 
9605 
9606 
9607 
9608 
9609 
9610 
9611 
9612 
9701 
9702 
9703 
9704 
9705 
9706 
9707 
9708 
9709 
9710 
971 1 

Commercial 
catch (kg) 

52 531 
6 607 

11 922 

70 760 
41 255 
22 734 

11 989 
2 527 
9 711 

58 468 
58 196 
24 063 

6 054 
383 

20 319 

78 563 
69 773 
32 328 

1 420 
1 143 

16 434 

74 426 
94 392 
36 824 

Recreational 
catch (kg) 

6 667 
6 667 
6 667 

Customary CPUE 
catch (kg) (kgllift) 



Table 1 continued 
Commercial Recreational Customary CPUE 

Month catch (kg) catch (kg) catch (kg) (kgllift) 
9712 6 667 2 000 
980 1 6 667 3 000 
9802 6667 3 000 
9803 892 2 000 1.459 
9804 47 870 2 000 1.46 1 



Table 2. Catch and CPUE estimates and assumptions for CRA 4 

Year 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Commercial 
catch(kg) 
254 727 
225 363 
253 661 
253 152 
273 93 1 
503 51 1 
673 65 1 
653 837 
678 782 
666 640 
503 765 
433 961 
327 73 1 
340 584 
294 049 
361 922 
419 838 
501 377 
351 924 
450 177 
469 403 
667 083 
539 324 
524 383 
565 265 
553 615 
471 132 
458 528 
364 027 
375 000 
404 000 
456 000 
438 000 
428 000 
478 696 
410 533 
402 379 
471 404 
714 300 
718 221 
600 916 
696 432 
860 006 
692 103 
763 932 
708 178 
566 83 1 
542 367 
556 697 

Recreational 
catch(kg) 

14 600 
16 269 
17 937 
19 606 
21 274 
22 943 
24 611 
26 280 
27 949 
29 617 
31 286 
32 954 
34 623 
36 291 
37 960 
39 629 
41 297 
42 966 
44 634 
46 303 
47 971 
49 640 
51 309 
52 977 
54 646 
56 314 
57 983 
59 651 
61 320 
62 989 
64 657 
66 326 
67 994 
69 663 
71 331 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 
73 000 

Illegal 
catch(kg) Year effect 



Table 2 continued. 
Commercial 

Year catch(kg) 
1994 517 721 
1995 526 693 
1996 602 394 
1997 516 440 
1998 495 700 

Recreational Illegal 
c a t c h 0  catchfig) Year effect 

73 000 96 000 0.827 
73 000 75 000 1.024 
73 000 75 000 1 A46 
73 000 75 000 1.802 
73 000 75 000 



Table 3. Parameter estimates, indicators and likelihood contributions from MLE fits to CRA4 data in sensitivity tests. Biomass is in 
tomes. The second section shows contributions to the total likelihood function from each component. "Not PDH signifies that the 
Hessian matrix was not positive definite (one or more eigenvalues were negative). RO is thousands of recruits. 

NOT PDH NOT PDH 
420 42 1 422 423 424 425 426 
base fixed no no decreased increased reduced 

Code case varR CPUE LFs Lm Lm illegal 
B1999 /BMSY (%) 208.2 145.6 220.7 183.1 239.7 178.7 211.8 
BZOO~ /BMSY (%) 
B2004 lB1999 (%) 

MSY 
BMSY 

ERate1998 
CPUElike 

LFlike 
Priorlike 

Rect residuals 
ERate penalty 
Total function 

M 
h 

RO 
mmax 
Lfull 
LfuN 

female varLl 
male varLl 

female varL2 
male varL2 

female varR 
male varR 



Table 4. Summary statistics of the posterior distributions seen in Figure 10 for CRA 4. 

B1999/BMSy (%) 
B2004/BMSY (Oh) 
B2004/BMSY (%) 
BZOW /Bl999 (%) 
B ~ o o ~  /Bl999 (%) 

MSY 
Burv 

ERatel998 
M 
h 

RO 
mmax 

female Lfull 
male Lfull 

female varLl 
male varLI 

female varL2 
male varL2 

female varR 
male varR 

Mean 
227.5 
22 1.5 
200.5 
98.2 
88.7 

846.3 
864.5 
0.289 
0.140 
0.906 

1 756.7 
0.274 
61.7 
53.6 
84.4 
32.2 
21.0 
14.1 

3 108.7 
1 10.7 

Median 
224.8 
219.5 
198.3 
96.4 
86.9 

844.1 
861.9 
0.284 
0.142 
0.908 

1 751.2 
0.266 
61.7 
53.6 
83.6 
31.7 
20.3 
13.3 

2 358.6 
109.6 

95% 
294.9 
300.6 status quo 
28 1.6 increase 
13 1.3 status quo 
12 1.4 increase 
972.7 
986.5 
0.376 
0.150 
0.990 

2 057.6 
0.321 
63.1 
54.4 

109.2 
44.4 
33.4 
20.9 

8 253.2 
125.3 



Table 5. Catch and CPUE observations and assumptions for CRA 4. 

Year 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Commercial 
catch(kg) 

138 600 
203 400 
253 100 
533 200 
689 700 
901 500 
580 800 
579 000 
381 200 
339 600 
356 700 
350 900 
258 900 
336 800 
429 800 
391 600 
365 800 
435 800 
207 100 
282 500 
314 300 
381 000 
287 700 
214 300 
216 600 
209 800 
228 000 
262 000 
258 900 
316 000 
417 000 
382 000 
375 000 
342 000 
472 200 
560 700 
574 200 
663 800 
587 100 
874 300 
742 700 
640 600 
53 1 400 
375 300 
317 800 
311 700 
304 900 
288 800 
306000 

Recreational 
catch(kg) 

7 000 
7 800 
8 600 
9 400 

10 200 
11 000 
11 800 
12 600 
13 400 
14 200 
15 000 
15 800 
16 600 
17 400 
18 200 
19 000 
19 800 
20 600 
21 400 
22 200 
23 000 
23 800 
24 600 
25 400 
26 200 
27 000 
27 800 
28 600 
29 400 
30 200 
31 000 
31 800 
32 600 
33 400 
34 200 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 
35 000 

Illegal 
catch(kg) 

41 600 
104 000 
76 300 
99 100 

107 100 
36 500 
54 200 
74 100 
85 900 
97 600 

109 400 
121 200 
132 900 
144 700 
156 500 
168 200 
180 000 
180 000 
180 000 
152 500 

Year effect 

1.229 
1.352 
1.380 
1.370 
1.273 
1.129 
1 .ooo 
0.862 
0.741 
0.65 1 
0.735 
0.654 
0.614 
0.626 



Table 5 continued. 
Commercial Recreational Illegal 

Year catch(kg) catch(kg) catch(kg) Year effect 
1994 303300 35 000 125 000 0.732 
1995 298400 35 000 97 500 0.774 
1996 367700 35 000 70 000 1.017 
1997 333000 35 000 37 000 1.409 
1998 303700 35 000 37 000 



Table 6. Parameters estimates, indicators and likelihood contributions from MLE fits to CRA5 data in sensitivity tests. Biomass is in 
tomes. The second section shows contributions to the total likelihood hc t ion  from each component. "Not PDH" signifies that the 
Hessian matrix was not positive definite (one or more eigenvalues were negative). 

NOT PDH 
520 52 1 522 523 524 525 526 

base fixed no no decreased increased reduced 
Code case varR CPUE LFs L, L,  illegal 

188.2 128.3 92.6 133.3 175.8 170.8 198.9 

B2004 /Bl999 (%) 
MSY 
Bmr 

ERatel998 
CPUElike 

LFlike 
Priorlike 

Rect residuals 
ERate penalty 
Total function 

M 
h 

RO 
mmax 
Lfull 
Lfill 

female varL 1 
male varL I 

female varL2 
male varL2 

female varR 
male varR 



3 7 

Table 7. Summary statistics of the posterior distributions seen in Figure 13 for CRA 5. 

Bi99dBm~ (%) 
B2oo4 /BABY (%I 
B2004/BmY (%) 
B20041B1999 (%) 
B2004 /B2000 (%) 

MSY 
BrnY 

ERatel998 
M 
h 

RO 
mmax 

female Lfull 
male Lfull 

female varLI 
male varL1 

female varL2 
male varL2 

female varR 
male varR 

Mean 
203.8 
225.5 
212.3 
112.0 
105.4 
646.2 
664.4 
0.264 
0.131 
0.906 

1 466.2 
0.457 
62.6 
53 .O 

191.6 
72.9 
44.2 
12.0 

3 194.4 
106.1 

Median 
200.8 
222.9 
208.7 
109.9 
103.0 
644.1 
661.9 
0.258 
0.136 
0.910 

1 478.9 
0.462 
62.5 
53.0 

189.1 
71.7 
43.5 
11.4 

2 553.6 
105.6 

95% 
270.9 
300.7 status quo 
290.8 increase 
146.8 status quo 
139.5 increase 
749.6 
760.3 
0.352 
0.149 
0.991 

1 768.5 
0.57 1 
64.0 
53.5 

239.2 
94.1 
58.1 
16.4 

8 052.8 
1 14.2 
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Figure 1. The observed monthly proportion of females in catch sampling from area 910 
in all years (squares) and the vulnerability of females relative to males in the model 
(line). 
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Figure 2. Fit of the size-structured CRA3 model to the data, base case. A: observed 
CPUE (squares) and CPUE predicted by the model (line and line segments). 
B: Residuals (predicted CPUE minus observed CPUE). 
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Figure 3. Numbers of males and females in each of the three size classes in the CRA3 
model. 
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Figure 4. Stochastic biomass projections to April 2001 fiom the CRA3 model, using the 
current input and output controls described in the text. The figure shows recruited 
biomass in April 2001 as a ratio of biomass in April 1998. The bars show the frequency 
of each category fiom 1000 stochastic runs. 
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Figure 5. Sensitivity of the CRA3 model results to the assumed h parameter, relating 
incidental pot-related mortality to fishing effort. The base case assumed 0.40. 
A: Deterministic projections showing recruited biomass in 200 1 as a proportion of 
recruited biomass in 1998. B: the model function value. 
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Figure 6. Sensitivity of the CRA3 model results to the assumed percentage of incidental 
pot-related mortality that acts on legal lobsters. The base case assumed 0.50. A: 
Deterministic projections showing recruited biomass in 2001 as a proportion of recruited 
biomass in 1998. B: the model hction value. 

1 
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Figure 7. Sensitivity of the CRA3 model results to the assumed proportion of females in 
November of the years 1989-92. The base case assumed 0.28. A: Deterministic 
projections showing recruited biomass in 2001 as a proportion of recruited biomass in 
1998. B: the model function value. 
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Figure 8. The CRA4 base case MLE fit, showing the fit to CPUE and the population 
consequences. A: Total (upper) and vulnerable (lower) recruited biomass. B: Model 
exploitation rate. C and D: Vulnerability-at-size for females (C) and males @). In each 
figure, the left segment of the left limb is the vulnerability before escape gaps were 
introduced in 1993. E: Recruitment residuals. F: Observed (diamonds) and predicted 
(line) CPUE. 
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Figure 9. The CRA.1 base case MLE fit, showing the fit to population length frequencies. 
The x axis in all figures is tail width (mm), and the y-axis is proportion. The bars show 
observed data, the lines show model predictions. For each year, females are the left 
figure. 





Figure 9 continued. The CRA4 base case MLE fit, showing the fit to population length 
frequencies. The x axis in all figures is tail width (mm), and the y-axis is proportion. 
The bars show observed data, the lines show model predictions. For each year, females 
are the left figure. 



300 T mmax 

Figure 10. Posterior distributions of parameter estimates and fishery indicators from 
5000 samples from one million Monte Carlo Markov Chain simulations from the CRA4 
base case. "Status quo" refers to stochastic projections made with the 1998-99 TACC; 
"increase" refers to projections made with the increased TACC proposed by the industry. 
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Figure 10 continued. Posterior distributions of parameter estimates fiom 5000 samples 
fiom one million Monte Carlo Markov Chain simulations fiom the CRA4 base case. 
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Figure 1 1. The CRAS base case MLE fit, showing the fit to CPUE and the population 
consequences. A: Total (upper) and vulnerable (lower) recruited biomass. B: Model 
exploitation rate. C and D: Vulnerability-at-size for females (C) and males @). In each 
figure, the left segment of the left limb is the vulnerability before escape gaps were 
introduced in 1993. E: Recruitment residuals. F: Observed (diamonds) and predicted 
(line) CPUE. 
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Figure 12. The CRA5 base case MLE fit, showing the fit to population length 
frequencies. The x axis in all figures is tail width (mm), and the y-axis is proportion. 
The bars show observed data, the lines show model predictions. For each year, females 
are the left figure. 



Figure 12 continued. The CRA5 base case MLE fit, showing the fit to population length 
frequencies. The x axis in all figures is tail width (mm), and the y-axis is proportion. 
The bars show observed data, the lines show model predictions. For each year, females 
are the left figure. 
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Figure 13. Posterior distributions of parameter estimates and fishery indicators from 
5000 samples from one million Monte Carlo Markov Chain simulations fiom the CRA5 
base case. "Status quoyy refers to stochastic projections made with the 1998-99 TACC; 
"increase" refers to projections made with the increased TACC proposed by the industry. 
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Figure 13 continued. Posterior distributions of parameter estimates &om 5000 samples 
&om one million Monte Carlo Markov Chain simulations &om the CRA5 base case. 


