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EXECUTIVE SUMMARY 

Breen, P. A.; Starr, P. J.; Bentley, N. (2001). Rock lobster stock assessment for the NSN 
substock and the combined CRA 4 and CRA 5 areas in 1999. 
New Zealand Fisheries Assessment Report 200117. 73 p. 

A revised size-based model for assessing New Zealand rock lobster stocks is described. This 
model was used to assess the northern (NSN) substock of red rock lobsters, Jams edwardsii, 
and a stock unit comprising the CRA 4 and CRA 5 fishstocks. Considerable improvement to 
the 1998 size-based model is described for this assessment. This included dividing the model 
year into halves and estimating growth parameters from both tagging data and fishery data 
during model fitting. 

The assessment was based on Bayesian techniques. Monte-Carlo-Markov chain simulations 
were used to estimate the posterior distributions of parameters and fishery indicators. 
Sensitivity trials were based only on point estimates of the mode of the joint posterior 
distributions. 

The model fitted well to the NSN data. The assessment suggests that the current biomass is 
well above Bmp At the current level of removals, and with recruitment varying about its 
estimated average, model results suggest that the stock is likely to decline because of recent 
poor recruitment. At the beginning of 2004-05 the stock, although smaller, is likely to 
remain above the estimated B,,. Sensitivity trials indicated that the estimates are reasonably 
robust so long as the size frequency data are included. Growth estimates from tagging data 
alone and the fishery data alone were similar. 

For the CRA 415 stock unit, the model did not fit as well. It was necessary to use arbitrary 
weighting to obtain reasonable values of M. The assessment suggests that the current biomass 
is well above Bmr. At the current level of removals, and with recruitment varying about its 
estimated average, model results suggest that the stock is likely to decline because of recent 
poor recruitment. At the beginning of 2004-05 the stock, although smaller, is likely to 
remain above the estimated B,,. These conclusions did not appear as robust during sensitivity 
trials as those for the NSN. They were sensitive to exclusion of CPUE data, changes to the 
assumed selectivity curves and to the weight given to the prior probability onM. M appears 
to be poorly determined by the data. Growth estimates from the fishery data alone were 
substantially different from those obtained from tagging data. The model results also changed 
when the model was fitted to larval settlement data. 



I. INTRODUCTION 

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

For a literature review see Breen & McKoy (1988) and for fishery descriptions see Annala 
(1983) and Booth & Breen (1994). For recent management details see Annala & Sullivan 
(1998) and Booth et al. (1994). Recent assessments were described by Starr et al. (1999) and 
Breen & Kendrick (1999). 

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. 

The Fisheries Act 1996 requires that New Zealand fishstocks' be managed so that stocks are 
maintained near Bmr, the biomass associated with the maximum sustainable yield (MSY). 
The Ministry of Fisheries (MFish) annually advises the Minister of Fisheries whether stocks 
are at or above Bmr and whether current TACCs are sustainable and likely to move stocks 
toward BmY. The work described here was conducted by NIWA under contract to the New 
Zealand Rock Lobster Industry Council (RLIC), which in turn was contracted by MFish, to 
provide such assessments for the northern substock (NSN), comprising the Northland and Bay 
of Plenty areas, and the combined CRA 4 (Wellington-Hawkes Bay) and CRA 5 (Canterbury- 
Marlborough) fishstocks. Similar work, with almost the same model, was described for the 
southern substock, NSS, by Starr et al. (in press). 

In 1996 and 1997, most rock lobster assessments involved an 'age7-structured model (e.g., 
Breen & Kendrick 1997). For the 1998 assessments, NIWA scientists collaborated with the 
New Zealand Seafood Industry Council (SeaFIC) Science Group in developing and testing a 
length-based model of the type described by Punt & Kennedy (1997). For fished populations 
that cannot be aged, length-based models are becoming widely used after about a decade of 
development work. There are two basic approaches Quinn et al. (1998): one can model age 
explicitly and convert age to length in some way (e.g., Fournier & Doonan 1987) or one can 
model growth with a transition matrix that has no reference to "age" except at the recruitment 
phase. Examples of the latter include Bergh & Johnston (1992) for South African rock 
lobsters, Sullivan et al. (1990) for Pacific cod, Zheng et al. (1995, 1996) for Alaskan king 
crabs, Breen et al. (2000) for New Zealand abalone. The heart of such models is a stochastic 
growth transition matrix that calculates the probabilities of animals of a given length growing 
into the vector of possible future len,@hs. 

The model used in the 1999 assessment evolved from the first length-based model used in the 
1998 rock lobster assessments (Starr et al. 1999; Breen & Kendrick 1999). Deficiencies of 
the 1998 model were identified by the RLSAWG and were addressed for .the 1999 
assessments by revising and completely re-writing the model. 

The assessment uses Bayesian techniques to improve the representation of uncertainty in the 
assessment (see Punt & Hilborn 1997 for a discussion of Bayesian techniques and their use in 

"Fishstock is used here to denote a legally defined unit within a Quota Management Area (QMA), 
while "stock" and "substock" are used to denote units agreed to by the Rock Lobster Fishery 
Assessment Working Group (Working Group); "stock unit" is used to describe any arbitrary unit, such 
as the combined CRA 4 and CRA 5 areas. 
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fisheries stock assessments). These techniques are becoming standard tools in this field (e.g., 
McAllister et al. 1994, Meyer & Millar 1999). 

This report describes the revised size-based model, describes and lists the data used for the 
NSN and CRA 415 stock units, and presents and discusses the assessment results. 

2. DESCRIPTION OF THE ASSESSMENT M,ODEL 

The 1999 assessment was based on the model described by Starr et al. (1999) and Breen & 
Kendrick (1999). Much of the model structure and dynamics are based on a similar model 
developed for the rock lobster fishery in Tasmania by Punt & Kennedy (1997). The same 
model, with some additional complexity, was described independently by Starr et al. (in 
press). 

Changes to the 1998 model are reviewed below in an overview of the new model. More 
detail is provided in Appendix 1. 

2.1 Model structure 

For each sex, the number of individuak in each tail width size class is updated each year from 
natural and fishing mortality, growth, and recruitment. Size-specific vulnerabilities and 
weights are used to calculate exploitation rates from catch data and to apply these to 
individual size classes. 

The 1998 model used an annual time step, and was unable to incorporate changes in the 
seasonal distribution of catch. These changes are important because during the winter, mature 
females are ovigerous and cannot legally be retained. The recent shift towards a winter 
fishery implies a reduction in the exploitation rate for mature females; this is important to 
capture in the assessment. A half-yearly time step was introduced into the model, with the 
periods congruent with reproduction and moulting periods of both sexes. The two seasons are 
defined as the austral 'autumn-winter' (AW, 1 April to 30 September) season and the austral 
'spring-summer' (SS, 1 October to 3 1 March). 

The 1998 model lobster population was structured by size (2 mm tail width classes) and sex 
(male and female). The number of berried, and thus invulnerable, females in each year was 
modelled as a proportion of the females in each size class with a logistic function. This 
arrangement, combined with the yearly time step, allowed only crude representation of the 
differential vulnerability, for mature and immature females. In the 1999 model, the 
populations of males, immature females and mature females are modelled explicitly. 

2.2 Model parameters 

Parameters estimated are defined in Appendix 1. Briefly, they are the natural logarithm of 
mean recruitment, the rate of natural mortality, two parameters for the selectivity-at-size 
relation for each sex, four describing relative vulnerability by sex and season, three growth 
parameters for each sex, two female maturity parameters, and a vector of annual recruitment 
deviations. 

In 1998 the assessment assumed a Beverton-Holt stock-recruit relation, and the model 
estimated the ccsteepness" parameter describing the shape of this relation. However, the 
posterior distribution of steepness was generally flat, indicating a lack of information in the 
data about this relation. The approach in 1999 was therefore to assume no relation between 
stock and recruitment, and the steepness parameter was eliminated. 
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2.3 Initial conditions 

At the beginning of the first period, corresponding to autumn-winter 1945, the model 
population is in unexploited equilibrium determined by average recruitment, growth rates and 
natural mortality (Equation 1). 

2.4 Dynamics 

2.4.1 Recruitment 

At the beginning of each period, equal numbers of males and females are recruited into the 
smallest model size classes. Annual recruitment is based on average recruitment, estimated as 
a parameter. Where sufficient data exist to allow estimation, annual recruitment deviations 
are estimated as parameters (Equation 2). The proportion of recruits entering each size class 
is modelled as a normal distribution with specified mean and standard deviation, truncated at 
the smallest model size class (Equation 3). 

2.4.2 Growth 

A new moult-based growth model is used in the 1999 assessment. In this model, the end of 
the autumn-winter season is defined as the primary moulting time for males; the end of the 
spring-summer season is defined as the primary moulting time for females. At these primary 
times, all males and females are assumed to moult. At the end of the other season, for 
instance at the end of spring-summer season for males, the probability of moulting (0 or 1) 
depends on a single parameter representing the maximum size of lobsters that moult twice a 
year (Equation 5). 

The expected increment at each moult is a linear function of pre-moult size determined with 
intercept and slope parameters for each sex (Equation 4). For lobsters of given sex in a given 
season, the moult probabilities (0 or l), expected moult increments and variability of 
deviations from the expected moult increments are used to generate a stochastic size transition 
matrix (Equation 7). This transition matrix is used with recruitment to update the number of 
individuals in each size class for each sex before fishing and natural mortality in the next 
period (Equation 8). 

2.4.3 Selectivity and vulnerability 

In the model, not all lobsters areequally vulnerable to the fishery. Sublegal sized lobsters &d 
ovigerous females are protected fiom the legal fishery but not from the illegal fishery. In 
addition to these legal mechanisms, the model contains two other mechanisms that modify 
vulnerability. These are size-specific vulnerability of lobsters to fishing gear, and sex-based 
and seasonal-based changes in relative vulnerability overall.. Both mechanisms involve 
vulnerability of lobsters to fishing, but for clarity we arbitrarily call the first mechanism 
selectivity and the second relative seasonal vulnerability. Together these describe total 
vulnerability. 

The size-specific selectivity curve is incorporated, for males and females separately, as a 
compound normal distribution with separate width parameters (analogous to the variance of 
the normal distribution) for each side of the distribution mode. This results in increasing 
selectivity from the initial length class to a maximum, here assumed to be at the MLS but 
which could be estimated, followed by decreasing selectivity (Equation 9). 
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The width parameter for the ascending limb, describing the increasing selectivity for lobsters 
as they grow, is assumed to have changed when escape gap regulations changed, decreasing 
the retention of small lobsters in traps. The width parameter for the descending limb does not 
change, reflecting an assumption that escape gaps did not affect the selectivity for large 
lobsters. 

The selectivity curves apply in both seasons. To incorporate differential selectivity between 
males and females in a season, and between sexes for the same season, relative vulnerability 
is estimated with four parameters. The relative vulnerability of males in the spring-summer 
season is assumed to be 1. The relative vulnerability of females in spring-summer is 
determined with an estimated parameter. Similarly, the relative vulnerabilities of immature 
females, mature females, and males in autumn-winter are determined with three parameters. 

For calculating the biomass vulnerable to fishing, vulnerability overall is the product of 
selectivity and relative vulnerability. 

2.4.4 Maturity 

During each period, immature females become mature with a size-specific probability, 
determined by two estimated parameters (Equation 10). Maturation occurs at the beginning 
of a period, after growth, and before mortality. 

2.4.5 Mortality 

Four sources of mortality are modelled: natural mortality, legal fishery removals (the 
commercial and recreational fisheries), handling mortality associated with the legal fishery, 
and illegal fishery removals. 

Natural mortality is estimated as a parameter and assumed to be constant over time, sex and 
size. 

The finite annual rate of mortality from the legal fishery (legal exploitation rate) is calculated 
from the observed legal catch and the model's legal biomass (Equation 1 1). Legal biomass is 
defined as the mass of males and females in the size classes above their respective minimum 
legal size limits, adjusted for their selectivity and relative vulnerability(Equation 13). In the 
autumn-winter season, all mature females are assumed to be ovigerous and protected; they 
make no contribution to the legal biomass. 

The handling mortality rate is a proportion, fixed at some assumed value, of sublegal lobsters 
and ovigerous females caught and released by the legal fishery; it is thus proportional to the 
legal exploitation rate. 

The finite annual rate of illegal fishing mortality is calculated in analogy with legal fishing 
mortality (Equation 14). Calculation of illegal biomass uses the same ,se!ectivity and relative 
vulnerability'relations as for legal biomass, but disregards the protection of sublegal lobsters 
and ovigerous females (Equation 15). 

All sources of mortality are applied simultaneously at the beginning of each period(Equation 
19) after recruitment, growth and maturation. 



2.5 Observations and predictions 

The model is "conditioned on" or "driven by" catch, in that it uses estimates of the actual 
legal and illegal catches for each period. The model is fitted to four observed data sets: 
CPUE, size frequency, larval settlement, and tag return data. For each of these, the model 
generates an analogous set of "predicted" observations for comparison with the observed data 
set. The catch, CPUE, size and settlement data used are described in more detail in the next 
section; fitting procedures are described below. 

CPUE is predicted from the model's legal biomass in each period using a calculated scaling 
variable (Equations 20 and 2 1). 

Size frequencies of males and immature and mature females are predicted (Equation 23) from 
the number of each sex in each period, combined with the selectivity and relative 
vulnerability relations. 

Larval settlement for each year is "predicted" from the level of recruitment to the model in 
each year, using a calculated scaling variable and taking into account the lag between larval 
settlement and recruitment to the first sizes represented by the model (Equations 27 and 28). 

Predicted increments for each tag in the tag return data set are made from the growth 
parameters, the number and season of moulting times during which the lobster was at liberty, 
and the sex and initial size of the lobster (Equation 25). 

2.6 Model fitting 

Model parameters are estimated by maximising a likelihood function (actually, by minimising 
a negative log-likelihood function) which is the product of six likelihood components: 

the fit between observed and predicted CPUE, 

the fit between predicted and observed size frequencies, 

the fit between predicted and observed larval settlement, 

the fit between predicted and observed growth increments in tagged lobsters, 

the prior probability of estimated parameter values and 

the prior probability of the estimated recruitment deviations. 

Likelihood of the fit between observed and predicted CPUE is calculated with a lognormal 
likelihood function (Equation 22). This is also used for the likelihood components for larval 
settlement. A normal likelihood is used for growth increments (Equation 26). 

Likelihood of the fit between observed and predicted size frequencies (proportions-at-length), 
normalised across males, immature females and mature females (Equation 23) is calculated 
with a robust normal likelihood function (Equation 24). The robust likelihood eliminates the 
influence of observed outliers that have either high or low predicted probability (Foumier et al. 
1990). 

The prior probability of estimated parameters is estimated from a normal or log-normal 
likelihood function, depending on the specified type of prior distribution, using the mean and 
standard deviation specified by the prior distribution. 



The prior probability of estimated recruitment deviations, which act lognormally, is estimated 
from a normal function assuming a mean of zero and an assumed fixed standard deviation 
(Equation 30). 

The model is implemented to allow specification of prior probability distributions on 
estimated parameters so that Bayesian posterior distributions can be generated for parameters 
and perfonnance indicators. Parameter estimates associated with the mode of the joint 
posterior distribution, called the Posterior Mode Estimate (MPD) were found by minimising 
the total negative log-likelihood function described above, using quasi-Newton minimisation 
(AD Model BuilderTM, Otter Research Ltd.). 

Bayesian estimation procedures were then used to estimate uncertainty in model parameters, 
quantities and projected quantities. Posterior distributions for .parameters and quantities of 
interest were estimated using a Markov chain - Monte Carlo procedure (MCMC). The 
posteriors were based on 5000 samples taken at regular intervals from one million MCMC 
simulations. For each sample, 5-year projections (encompassing the 1999-00 to 2003-04 
assessment years) were made, assuming that catches remained at their 1998-99 levels. In 
these projections, annual recruitment deviations were randomly sampled from a normal 
distribution with mean zero and standard deviation assumed for recruitment deviations 
(Section 4.8). 

I 2.7 Fishery indicators 

The Working Group agreed to use the following fishery indicators as measures of the status 
I and risk for each stock unit that was assessed. 

B99 /Bmy The ratio of estimated current biomass to B,,. Current biomass was defined as 
legal biomass on 1 April 1999, the beginning of the autumn-winter season for the 1999- 
2000 fishing year. B,y is calculated by finding U,,, the exploitation rate that maximises 
yield, from a deterministic equilibrium population using the model parameter vector. U,, 
is applied to whichever season had the higher exploitation rate in the 1998-99 fishing 
year, and the same proportion of U,, is applied to the other season as in the model for 
1998-99. 

Bod /BmY The ratio of projected biomass to Bmy. Projected was defined as legal biomass 
on 1 April 2004. Projections were made with the 1998 estimates of legal and illegal 
catch. In MPD estimates (for the base case estimate and for sensitivity trials) projections 
were deterministic, basedon the model's estimate ofRo, to permit of comparison among 
runs; in MCMC simulations the projections were stochastic, with random recruitment 
deviations drawn from a population with mean zero and standard deviation equal to the -. 

assumed standard deviation of recruitment deviations. 

/ B99 The ratio of projected biomass to current biomass. 

B99 /'Bo The ratio of estimated current biomass to Bo. Bo was defined as legal biolnass on 
1 April 1945, calculated using selectivity, vulnerability and minimum legal size 
definitions in force in 1999. 

Up8 The exploitation rate in 1998-99. This was calculated from ratio of total catch for 
the year, legal and illegal, to the total recruited biomass in April 1999, calculated without 
reference to selectivity and vulnerability, and including ovigerous females. 



UO3 The exploitation rate in 2003-04, calculated as above using total recruited biomass 
on 1 April 2004. 

P( B9, > BmY ) The percentage of samples in the MCMC simulations in which current 
biomass was greater than B,,. 

0 P( Bo4 > B99 ) The percentage of samples in the MCMC simulations in which projected 
biomass was greater than Bw. 

3. DEFINITION OF RED ROCK LOBSTER STOCKS 

The fishery for Jasus edwardsii occurs around the whole of New Zealand. Evidence for 
separate stocks based on genetics, morphology, movement, population parameters, catch per 
unit effort trends, larval distribution, and parasites was reviewed by Booth & Breen (1992). 
Based on this work, in 1994 the RLFAWG agreed to define four stock units for assessment 
purposes. 

NSN. The northern substock, comprising CRA 1 (Northland) and CRA 2 (Bay of 
Plenty). 

NSC. The central substock, comprising CRA3 (Gisborne), CRA 4 (Wellington-Hawkes 
Bay) and CRA 5 (Canterbury-Marlborough). 

NSS. The southern substock, comprising CRA 7 (Otago) and CRA 8 (Southern). 

CHI. The Chatham Islands stock (CRA 6).  

The Working Group agreed that the NSN and NSS substocks should be assessed in 1999, and 
that CRA 4 and CRA 5 combined should be assessed. This document describes the 
assessment for the NSN substock and the CRA 4lCRA 5 stock unit. 

4. MODEL INPUTS 

4.1 Structural inputs 

The model uses 31 length bins, with midpoints from 31 to 91 mm tail width, in 2 mm 
increments. For parameter estimation the model uses 108 periods, from autumn-winter 1945 
(1 April through 30 September 1945) to spring-summer 1998 (1 October 1998 through 31 
March 1999). For projections the model uses another 10 periods, from autumn-winter 1999 
through spring-summer 2003. Projected biomass is based on legal biomass at 1 April 2004. 

For the NSN and CRA 415 assessments, it was assumed that the minimum legal size now in 
place had been applicable in all previous years. An increase from 58 mm to 60 mm tail width 
for females in 1993, and an effective decrease in MLS when the tail width measure was 
introduced in 1987, were not considered necessary to address explicitly. Escape gap 
legislation introduced in 1993 was considered likely to have changed the selectivity of 
sublegal lobsters, and this change was incorporated by estimating separate selectivity curves 
for the years before 1993 and after April 1993. 

Recruitment deviations were estimated for the years 1985 through 1997 for the NSN, and for 
1977 through 1997 for CRA 415. These ranges were determined in initial explorations- CRA 
4/5 had earlier size frequency data available, which allowed estimation of more recruitment 
deviations than for the NSN. 



4.2 Catches 

4.2.2 Commercial catches 

From 1945 to 1978, reported annual commercial catches, compiled by calendar year, were 
obtained from Annala & Esterman (1986). From 1 January 1979 to 3 1 March 1986, catches 
were taken from monthly data compiled by the Fisheries Statistics Unit (FSU) and now held 
by the Ministry of Fisheries. These were compiled by model period for the autumn-winter 
and spring-summer seasons for each year. Three months of catch, from 1 January 1979 to 3 1 
March 1979, were added to the catch total for the 1978 calendar year; this is the point at 
which the switch from calendar year to fishing year was made. The calendar year catches for 
1945 through 1978 were divided into the model's two seasons by using the mean seasonal 
proportion of catches seen in each QMA in the FSU data from 1 April 1979 through 3 1 March 
1982. 

From 1 April 1986 through 30 March 1988, monthly reported catch totals for all of New 
Zealand combined were obtained from Quota Management Returns (QMRs) maintained by 
the Ministry of Fisheries. These were divided into QMA catches using the proportion of 
catch by QMA and by month from partial catch data collected by the FSU. From 1 April 
1988 through 3 1 March 1999, catches were obtained by period and area from the QMRs. 

Estimates of unrecorded commercial catch were made for the calendar years 1974 to 1980 by 
comparing recorded catches with recorded export weights of rock lobster and assigning the 
discrepancy to stocks in proportion to the recorded commercial catch (Breen 1991). Data are 
unavailable after this period because no distinction was made between gross and net export 
weights - packaging is included in the data. 

The recorded and estimated unrecorded commercial catches for the NSN and CRA 415 stock 
units are shown by year in Tables 1 and 2 respectively, and by period in Tables 4 and 5. 

4.2.3 Recreational catches 

Recreational catch estimates in numbers have been made by the Ministry of Fisheries 
(Bradford 1998, Teirney et al. 1997). Some mean weight data are available from boat ramp 
or diary surveys. For this assessment, the Working Group estimated the recreational catch as 
the product of numbers from the recreational surveys and mean weight from commercial 
catch sampling or voluntary commercial logbooks. 

There are no estimates of the historical recreational catches. To generate a vector of assumed 
recreational catches for the model, the Working Group agreed to assume arbitrarily that 
recreational catches in 1945 were 20% of current levels, and that they increased at a constant 
rate until reaching current levels in 1980. 

Table 3 shows the recreational catch estimates for 1994 and 1996, their mean, mean lobster 
weight estimated from the voluntary logbook programs and the resulting estimates of annual 

' recreational catch. 

It was assumed that 90% of the recreational catch in each year was taken during the spring- 
summer season. The recreational catches for the NSN and CRA 4/5 stock units are shown by 
period in Tables 4 and 5 respectively. 



4.2.4 Illegal catches 

For this assessment, we distinguished between two categories of illegal catch: catch taken 
illegally in some way but which is reported as legal catch (e.g., slightly undersized and 
scrubbed ovigerous females), and catches outside the reporting system. The first category 
must be subtracted from the legal catch estimates to avoid using this catch twice in the model. 
We assume that both categories of illegal catch have the same size and female maturity 
distributions as the legal catch, but that all lobsters are retained. 

Estimates of illegal catches were obtained from the Ministry of Fisheries Compliance Section 
for some years between 1979 and 1996-97. However, these estimates were partitioned 
between "reported" and "unreported" illegal catch only for the 1996-97 fishing year. The 
proportions of reported and unreported illegal catches for these years were applied to all 
previous years with illegal catch. It was assumed that no illegal catch was taken before 1979, 
and interpolation was used to fill the years without illegal catch estimates. Illegal catches 
were assumed to be the same in the final two assessment years (1997 and 1998) as in 1996. 
For the NSN and CRA 415 stock units, the annual estimates are shown in Tables 1 and 2 
respectively. 

Illegal catches for each year were divided between seasons by using the proportion of 
seasonal commercial catches. The illegal catch estimates by period are shown for the NSN 
and CRA 415 stock units in Tables 4 and 5 respectively. 

~ 4.3 Size frequencies 

The frequency of tail widths by sex and female maturity is available from research sampling 
in CRA 4 and CRA 5 and from industry-funded voluntary logbook programmes in CRA 2 and 
CRA 5. Research sampling is conducted by NIWA or industry technicians who go out on 
rock lobster vessels and measure as much of the day's catch as possible. Voluntary logbooks 
are maintained by some fishers, who measure all the lobsters caught in a small number of 
marked representative pots on each day fished (Starr & Vignaux 1997). 

The data were binned into 2 mm size classes from 30 to 90 mm for males and immature and 
mature females. These size limits spanned the size range of most lobsters caught in the catch. 
Two millimetre size classes were considered small enough to provide enough resolution in the 
model without being too small to be affected by measurement error. The voluntary logbook 
program measures lobsters to an accuracy of 1.0 mm while the research sampling accuracy is 
0.1 mm. The convention has been to round down all measured lengths, so 0.5 mm was added 
to each voluntary logbook measurement before binning to avoid introducing bias into the size 
frequencies. 

For each period and for each data source (research sampling or voluntary logbooks), data 
were aggregated by month by statistical area strata. For periods with both sources of size 
frequency data available, the two data sets were used independently. Data sets were weighted 
by the number measured, the relative proportion of the commercial catch taken in that 
stratum, and the number of days sampled. The effective sample size for thejth area by 
month stratum within a period y was calculated from an arbitrary scheme agreed by the 
Working Group: 

j=1 

where C,, is the catch in stratum j in period y and nj is the total number of month x area strata 
available, N,,,,,, is the total number measured by method (research sampling or logbook 



data) in periody, and D,,,, is the total number of sampling days by methodm in period y. The 
cube root was chosen as an appropriate function that increases at a decreasing rate with 
number measured or number of days. The arbitrary scalar S is 63, based on a hypothetical 
"perfect sample" of 5000 measurements from all cells in which catches were reported in a 
year. 

Plots of size frequency data for the NSN and CRA 4/51 stock units are shown in conjunction 
with model results. 

4.4 Abundance indices 

Standardised abundance indices were calculated for each stock unit from catch per potlift data 
obtained from the FSU and CELR databases. An index of catch rate for each 6-month period, 
from autumn-winter 1979 through spring-summer 1998, was calculated, standardising for 
month and statistical area (Maunder & Stam 1995, Breen & Kendrick 1998). These indices 
were made relative to a base season, defined as the season with the absolute index with the 
smallest standard deviation. These indices are shown by period for the NSN and CRA 415 
stock units in Tables 4 and 5 respectively. 

4.5 Larval settlement indices 

Indices of larval settlement onto artificial reef collectors are available only for the CRA 415 
stock unit. The Working Group agreed to use the index from Castlepoint (CPT1) as the index 
for this stock unit, although other indices are available from within the stock unit. This index 
was obtained from Booth et al. (1999) and is shown for the CRA 415 stock unit in Tables 5. 

4.6 Tagging data 

Tag recovery data are available from industry-funded experiments in CRA 2 and from a 
recent MFish-funded experiment in CRA 5. Data used are summarised in Table 6. 

The data were summarised by initial length, period of release, period of recapture, and length 
at recapture. This allows the increment to be calculated and the expected number of moults to 
be calculated in the model's predicted growth subroutine. Only those recoveries which, 
spanned at least one moulting time were used; all recoveries from the same period of release 
were excluded. Multiple recaptures were treated as independent release - recapture records. 

For CRA 2, we excluded 59 records in which the sex at release differed from sex at recapture, 
44 records identified as suspect by the Stock Monitoring Group (internal evidence in the 
release data suggested that tag numbers were recorded out of synchrony with tagging), 15 
without both widths at release and recapture, 1 with an impossibly large increment, and the 14 
largest negative increments (greater than 10 mm). For CRA 415, we excluded 69 records in 
which the sex at release differed from sex at recapture, or where one sex record was missing, 
4 without both widths at release and recapture, 1 with an impossibly large increment, and the 
5 largest negative increments (greater than 10 mm), 

4.7 Prior distributions 

For all parameters estimated, prior distributions were discussed and agreed to by the Working 
Group. For most, prior distributions were considered to be uniform, in which event they 
contributed nothing to the total objective function. Non-uniform priors were as follows: 



* recruitment deviations were assumed to be normally distributed with a mean of zero and 
standard deviation of 0.4. 

the prior probability of M was considered to be lognormal with a mean of 0.12, based 
partly on the literature review of Breen & Anderson 1993), and a C.V. of 0.5. This C.V. 

gave 90% confidence limits on the distribution of about 0.065 and 0.33, a range 
considered to contain credible values. 

the parameter describing width of the right-hand limb of the selectivity-at-size relation, 
vrg, was assumed to be lognormal, with a mean of 1000 and a C.V. of 1. This prior 
distribution was assumed only in sensitivity trials, because in the base case a high value 
was assumed for this parameter (Section 4.8). 

Lower and upper bounds were also set in discussion with the Working Group. Nearly all 
were set to values outside the ranges expected to be estimated by the model. 

The priors and bounds are summarised for each parameter in Table 7. 

For the NSN assessment, all likelihood components, including the contribution from the prior 
distributions, were left at their natural values. For the CRA 415 assessment, the contribution 
from the prior distributions was arbitrarily multiplied by 100 to give the prior distributions 
sufficient weight. In retrospect, this should have been addressed by decreasing the assumed 
C.V. of the prior, in this case for M. 

4.8 Fixed values 

Some quantities were fixed in the model. These were as follows: 

The relation between length and weight used the model 

where w is weight (g), t is tail width (mm), and a and b are constants. For males, a and b 
were 0.00416 and 2.935 respectively; for females they were 0.0130 and 2.545. 

The m&~imum possible exploitation rate was assumed to be about 0.80, and a penalty 
function severely limited values above this arbitrary maximum. Handling mortality for 
sublegal and ovigerous lobsters returned to the sea was assumed to be 10%. 

* The parameter describing the right-hand of selectivity-at-size was fixed at 9999. This 
high value was based on the 1998 assessments, in which the previous model estimated 
low values for this parameter, especially for males. This implies a high cryptic biomass 
of large animals, the realism of which was questioned by Breen & Kendrick (1999). The 
Working Group agreed to use a fixed value for the base case and explore the 
consequences in sensitivity trials. 

The size at maximum selectivity was assumed to be identical with MLS for both sexes, 
and so was fixed at 54 and 60 mm for males and females respectively. 

* The standard deviation of recruitment deviations was assumed to be 0.4; of CPUE 
residuals 0.4; of growth increment residuals 2.0; of larval settlement residuals (in 
sensitivity tests only) 0.3. 



Mean size of the first cohort represented by the model was assumed arbitrarily to be 
32 mm with a standard deviation of 2 mm. 

When larval settlement data were used, the lag between settlement to the shore and 
recruitment to the model was ,assumed to be 2 ,3  or 4 years. 

4.9 Base case assumptions 

The "base case" fits were used as the starting point for MCMC simulations and as the basis 
for sensitivity comparisons. The Working Group agreed that in the base case fits, all 
parameters would be estimated except the length at which selectivity-at-size is maximum, to 
be fixed at the MLS, and the parameter describing the shape of the right-hand limb of 
selectivity-at-size, to be fixed at a high value implying a flat curve. 

The Working Group agreed to fix all four standard deviations for residuals at the values 
above. The Working Group agreed that starting values and phasing of estimations would be 
determined separately as appropriate through exploration with each assessment. (In 
ADModelBuilderTM, the model can estimate parameters in phases. A parameter first 
estimated in phase 2 is left at its initial value in phase 1, then estimated in phase 2 and all 
subsequent phases.) 

The Working Group agreed that each contribution to the objective function (see Section 2.6) 
would be left at its natural value unless some need arose to alter this. Years for which 
recruitment deviations were estimated were determined for each assessment through 
exploration. The Working Group agreed that the base case would be made without fitting to 
larval settlement indices. 

5. RESULTS 

5.1 NSN substock 

5.1 . I  Base case MPD estimate 

The base case for the NSN substock was made without change to the agreements described in 
Section 4.9. Initial values and the phase in which each parameter was first estimated are 
shown in Table 8. Initial values for the growth parameters were obtained from fitting only the 
growth model to the tagging data. Initial values for the parameters describing the left-hand 
limb of selectivity-at-size were obtained from the 1998 assessment. Other values were 
arbitrary. Phasing was determined by experimentation. 

Results of the base case MPD estimate are shown in the first column of Table 9. The fit to 
CPUE is shown in Figure 1, along with the reconstructed model biomass, exploitation rates 
and recruitment deviations. Fits to the size frequency data sets are shown in Figure 2, which 
also shows the effective sample sizes calculated for each data set. 

The model fitted well to the saw-tooth pattern of CPUE, in which autumn-winter CPUE is 
aIways less than spring-summer CPUE (Figure la). The worst fits were seen at the beginning 
and end of the CPUE time series. The model also fitted reasonably well to the observed size 
frequency data (Figure 2). The worst fits were to immature females, although the observed 
and expected size frequencies were always low for this group, and to mature female 
proportions in the last two years. 

In this fit, model MPD results suggest the present biomass is about 30% of virgin biomass, 
and is above BMsY. Model spring-summer legal biomass is not much less than total recruited 
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biomass (Figure Ib), and has rebounded from a low in 1987. Current exploitation rate, as 
defined for this indicator, is about 25%, having decreased from a peak in the spring-summer 
of 1985 (Figure lc). 

The pattern of recruitment deviations (Figure Id) suggests a period of higher than average 
recruitment from 1990 through 1993 followed by four years of poor recruitment. This pattern 
of recruitment explains the strongly increasing CPUE in the mid 1990s and the decline in the 
most recent year. 

At current catches and at the average recruitment, the MPD estimate suggests that the stock 
would decline in the next 5 years to a level less than Bmr. 

5.1.2 Sensitivity of the base case 

Sensitivity of the base case was explored by fitting without the CPUE data, without the size 
frequency data, and without the tagging data. These trials were made to determine whether 
any one of the three data sets appeared to have a stronger influence on the result than the other 
two. Sensitivity to the right-hand limb of the selectivity-at-size curve was examined by 
estimating the parameter for each sex using the same prior as in the 1998 assessment (trial 
s4). 

For the NSN substock, no size frequency data were available from before 1993, the year in 
which escape gap requirements were introduced. Thus the model had little information on 
which to base its estimate of the left-hand limb for selectivity before 1993. A sensitivity trial 
was made in which the parameter describing the left-hand limb for a given sex was the same 
for both periods (trial s6). 

These results are shown in Table 9. Of the three data sets, the size frequency data exerted the 
greatest influence. When these were excluded from the fitting (trial s2 of Table 9), many 
parameter values changed substantially and some went to their bounds. Results from this trial 
were much more optimistic than in the base case: the trial suggests that current biomass is 
more than twice Bnay and that it would remain at 175% Bmy after 5 years. Fits to the CPUE 
and size frequencies for this trial are shown in Figures 3a and 4. By contrast, removal of the 
CPUE data (trial s l )  had only a small effect on the results. The model results fitted observed 
CPUE reasonably well even though CPUE was not fitted (Figure 5a). Removal of the tagging 
data also produced a more optimistic result (trial s3), but this was not as extreme as s2. 
Removal of the tagging data did not affect the model's estimate of growth parameters, except 
for the size at which moulting ceases in the secondary moult season. This good agreement 
suggests that . the . size frequency data and the tag data ,contain similar information about 
growth rates. 

When the parameters describing the right-hand limb of selectivity-at-size were estimated (trial 
s4 in Table 9), these parameters were much smaller than the fixed value. This result is similar 
to the 1998 assessment, in which the model suggested a large biomass of unavailable large 
lobsters (Figure 6b). This results of trial s4 suggested a more optimistic situation than in the 
base case, but not one as extreme as trial s2. 

Forcing the left-hand part of the selectivity-at-size curve to be the same before and after 1993 
(trial s5 in Table 9) had little effect on results. 

Of the various indicators, all were reasonably robust across the base case and sensitivity trials 
except projected biomass compared with BbfSy . For instance, all estimates indicated that 
current biomass is above BmY but would decrease over 5 years to 40-75% of current levels; 
all indicated that current biomass is 20-50% of Bo; all indicate current exploitation rates of 



13-30%. By contrast, projected biomass varied from 43 to 172% ofBmy. This suggests that 
this indicator should be regarded cautiously. 

Thus the h4PD estimates appeared to be dependent on the size frequency data. When size 
frequency data were included, the estimates (apart from project biomass compared withBmr ) 
were reasonably robust to the exclusion of other data and to the assumptions about selectivity- 
at-size. 

5.1.3 MCMC simulations and Bayesian results 

The sequence patterns of some parameters and indicators from the 5000 samples, taken from 
one million MCMC simulations starting from the base case, are shown in Figure 7. Most of 
the patterns looked like Figures 7a and 7b, varying with little sequential pattern and no trend 
during the run. Some parameters showed a few values well outside the usual range, as in 
Figure 7c. For the size at which males cease to moult at the secondary moulting time (Figure 
7d), values filled the space between the bounds, with no apparent pattern, indicating that the 
data contained no information about this parameter. Parameters not shown in Figure 7 had 
patterns such as Figures 7a and 7b. 

Two parameters showed little short-term variability but great long-term trends through the 
5000 samples (Figures 7e and 7g). In two others (Figures 7f and 7h), trends were seen in the 
first few simulations after the start, followed by the same pattern as in Figure 7a. 

Posterior distributions are shown for some parameters and indicators in Figure 8. Most 
parameters showed the form seen in Figure 8a, often with considerable skew. The posterior 
for the size at which males cease to moult at the secondary moulting time (Figure 8d) is flat, 
again reflecting the lack of information in the data with respect to this parameter. 

The posterior distributions were summarised by calculating the minimum, maximum, mean, 
median and 5th and 95th percentiles. These are listed, and compared with the base case MPD 
estimate, for all parameters and indicators in Table 10. Many of the selectivity and 
vulnerability parameters, and most of the fishery indicators, had 5th to 95th percentile ranges 
that excluded the base case MPD estimates. This is not necessarily a problem, because the 
two are estimates of different quantities. 

The Bayesian results are more optimistic than the MPD estimate. They suggest that the 
current biomass is about twice BMSY, with a current exploitation rate of 13-1 8%. The biomass 
is likely to decrease to about 60% of current biomass in the next 5 years in stochastic 
projections, but is likely to remain above BhBY. For these indicators, the Bayesian results are 
qualitatively unambiguous. 

5.2 CRA 415 stock unit 

5.2.1 Base case MPD estimate 

The base case for the CRA 415 assessment was made with one major change to the 
agreements described in Section 4.9. This involved assigning an arbitrary weight of 100 to 
the contribution from the prior distribution. In exploratory estimation, it was difficult to 
obtain a MPD estimate with a positive definite Hessian matrix (a pre-condition for MCMC 
simulations) that had realistic values forM. In comparison with the NSN substock, CRA 415 
data were difficult to use in MPD estimates: results were more sensitive to initial values and 
phasing and the function minimised more slowly and much less reliably. 



Initial values and the phases for each parameter are shown in Table 11. Initial values for the 
growth parameters were obtained from fitting only the growth model to the tagging data. 
Initial values for the parameters describing the left-hand limb of selectivity-at-size were 
obtained from the 1998 assessment. Other values were arbitrary. Phasing was the same as for 
the NSN assessment. 

Results of the base case MPD estimate are shown in the first column of Table 12. The fit to 
CPUE is shown in Figure 9, along with the reconstructed model biomass, exploitation rate 
and recruitment deviations. Fits to the size frequency data sets are shown in Figure 10, which 
also shows the effective sample sizes calculated for each data set. 

The model fitted well to the saw-tooth pattern of CPUE, in which autumn-winter CPUE is 
always less than spring-summer CPUE (Figure 9a). Again, the model tended to over-estimate 
CPUE at the beginning of the time series and over-estimate it slightly at the end. The model 
also fitted reasonably well to the observed size frequency data (Figure 10). The model fits 
tended to be better for males than females, remembering that observed and expected size 
frequencies were always low for immature females. The figure shows fits to both research 
catch sample data and the industry's voluntary logbook data. Casual comparison shows there 
was no difference in the quality of fit to the two data types. 

In this fit, model results suggest that the present biomass is about 25% of virgin biomass, and 
is above Bmy. Model spring-summer legal biomass is very little less than total recruited 
biomass (Figure 9b) and has rebounded from a low in 1992. Current exploitation rate, as 
defined for this indicator, is about 27%, having decreased from a peak in about 1988 (Figure 
9c). That peak was much higher than for the NSN substock (cf Figure lc); otherwise the 
assessment described so far is similar to that for the NSN. 

The pattern of recruitment deviations (Figure 9d) suggests several isolated peaks in 
recruitment from 1979 to 1993, then several recent years of poor recruitment. This strong 
recruitment in 1992 explains the strongly increasing CPUE in recent years; the more recent 
poor recruitment suggests that a decrease in biomass is to be expected. As for the NSN, at 
current catches and at the average recruitment, the MPD estimate suggests that the stock 
would decline in the next 5 years to a level less than BmY. 

With a lag of 2 years between larval settlement and recruitment to the model, the observed 
and predicted settlement indices are compared in Figure 9e. 

5.2.2 Sensitivity of the base case 

Sensitivity of the base case to the data was explored by fitting without the CPUE data, 
without the size frequency data, and without the tagging data. Results are shown in the first 
page of Table 12. For this stock unit, unlike the NSN, no single data set stood out as the most 
influential. Removing CPUE produced a more pessimistic result, suggesting that current 
biomass is less than BMsy. Removing size frequency data had the greatest effect on parameter 
estimates and gave a more optimistic result, suggesting that current exploitation rate is only 
10%. Removing the tagging data gave a still more optimistic result, suggesting that current 
biomass is two and a half times BMY . Growth estimates made without fitting to the tagging 
data were considerably different from those in the base case and those made from tagging 
data alone. These results reflect inconsistencies in information content among the three data 
sets. 

Sensitivity to the right-hand limb of the selectivity-at-size curve was examined by estimating 
the parameter for each sex with the same prior as in the 1998 assessment, and (because this 
had an effect) using a uniform prior. These results are also shown in the first page of Table 
12 (s4a and s4b). This gave a less optimistic result: estimated current biomass was less than 
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BUY. Replacing last year's prior with a uniform prior resulted in a lower parameter estimate 
- a more steeply declining right hand limb of selectivity-at-size - and an even more 
pessimistic result. The model's biomass is shown in Figure I1 b. 

Sensitivities to the inclusion of larval settlement indices are shown on the second page of 
Table 12. Settlement was fitted both with a natural value for the likelihood contribution and 
with an arbitrary weight of 10 for this contribution, and with lags between larval settlement 
and recruitment to the model of 2, 3 and 4 years. Among these three lags, there was no clear 
best choice. The best fit was obtained with lags of 4 years and 2 years using the natural and 
weighted likelihoods respectively. 

With natural values for the likelihoods, there was little change to the result. Weighting the 
likelihoods, giving more importance to the larval settlement indices relative to other data sets, 
resulted in current biomass estimates that were smaller compared withBo and Bmv than in the 
base case, but which were projected to increase over 5 years rather than decrease (s9 in Table 
12). At all lags, the fit of predicted to observed settlement indices was very good; Figure 12e 
shows the fit for lag 2 as an example. Note the much poorer fit to CPUE in this example. 

Because the base case used an arbitrary weight on the prior distribution to force reasonable 
estimates of M, sensitivity to this weight was examined. Results are shown on page 3 of 
Table 12. Decreasing the weight to 10 and then 1 from the base case of 100 resulted in M 
estimates of 0.34 and then 0.75 (on the bound). Optimum exploitation rate estimates 
increased concomitantly to unreasonable levels. 

Thus the MPD estimates are sensitive to exclusion of each data set, suggesting that the 
estimates are not as robust as in the NSN substock and that data sets are mutually 
inconsistent. The MPD estimates are sensitive to the assumptions about selectivity. The 
MPD estimates are very sensitive to M and therefore to the weights placed on the prior. 
Inclusion of the larval settlement indices has little effect unless the likelihood contribution is 
arbitrarily weighted. All these results suggest a much greater uncertainty around the results 
for this stock unit than the Bayesian results imply. 

5.2.3 MCMC simulations and Bayesian results 

The sequence patterns of some parameters and indicators from the 5000 samples, taken from 
one million MCMC simulations starting from the base case MPD, are shown in Figure 13. 
Some patterns looked like Figures 13a and 13b, varying with little sequential pattern and no 
trend during the run. For the size at which males cease to moult at the secondary moulting 
time (Figure 13d), values filled the space between the bounds, with no apparent pattern, 
indicating that the data contained no information about this parameter. 

One parameter showed little short-term variability but a strong long-term trend toward the end 
of the 5000 samples (Figure 13g), although the range of values covered by this trend was 
small: from 1.000 to 0.965. 

Posterior distributions are shown for the main parameters and indicators in Figure 14. The 
posterior for the size at which males cease to moult at the secondary moulting time (Figure 
8d) is flat, again reflecting the lack of information in the data with respect to this parameter. 

The posterior distributions are summarised and compared with the base case MPD estimates 
in Table 13. Many of the selectivity and vulnerability parameters, and some of the fishery 
indicators, had 5-95 percentile ranges that excluded the base case MPD estimates. 
Contributing to this situation is that the base case MPD estimate was not a true minimum: the 
MCMC simulations found a better minimum than the minimiser had (Table 13). 



The posterior distributions are somewhat more optimistic than the MPD estimate. They 
suggest that the current biomass is 40-100% greater than BM, with a current exploitation rate 
of 19-27%. The biomass is likely to decrease in the next 5 years in stochastic projections, but 
is likely to remain above Bmy. 

The optimum exploitation rate estimated for this stock unit is nearly 50%, compared with less 
than 20% for the NSN. Because values estimated for M are similar between the two stock 
units, the difference is probably caused by differing estimates of growth rate and by the 
simplistic nature of the BmY calculation. Expected moult increments were nearly twice as 
large, for a lobster of the same size and sex, for the NSN (Table 14). 

6. DISCUSSION 

6.1 Model revisions 

The 1998 assessment (Starr et al. 1999, Breen & Kendrick 1999) was the first to use a length- 
based production model. This allowed incorporation of growth variability, instead of 
assuming fixed mean length-at-age. It allowed the size frequency data to be used directly in 
the model, rather than using quantities calculated from the size frequency data outside the 
model, as has been done in previous assessments. The 1998 assessment was also the first 
based on Bayesian techniques, which improve the estimates of uncertainty surrounding the 
assessment results. 

The 1998 model was improved upon for 1999 by incorporating more realism. Most 
importantly, the model step was reduced to six months from one year. This gave the 
assessment the capability to 

incorporate seasonal growth differences for each sex 

incorporate seasonal changes in vulnerability for each sex, especially important for 
mature females 

incorporate recent changes in seasonal fishing pattern 

0 use a finer-scale abundance index less affected by recent changes in fishing pattern 

This change was important for two reasons. Lobsters have strong seasonal dynamics that 
interact with the fishery: for instance, growth by moulting takes place at different seasons for 
the two sexes (see MacDiarmid 1989, 1991). The major spring moult for males is almost 
certainly a large influence on abundance available to the fishery, especially when fishing 
intensity is high. As another example, females canying eggs are invulnerable to the legal 
fishery for nearly half the year. Second, the commercial fishery has changed its fishing 
patterns in response to the management regime, availability and market forces. In the NSN, 
for instance, 22% of the catch was landed in the autumn-winter season in 1988; by 1997 this 
had reached 60%. For CRA 415, the analogous figures are 27% and 79%. This change could 
not be considered properly by a model with a one-year time step. Although some seasonal 
changes were accounted for by using standardised CPUE, even that procedure was 
confounded by the change in fishing pattern. 

The 1998 model could estimate growth from patterns in CPUE and in size frequency data. 
This was done only for the NSN stock; fixed growth rates estimated outside the model were 
used for NSS and the CRA 4 and CRA 5 assessments. Where growth was estimated by the 
model in the NSN, growth rates were similar to those estimated outside the model (Starr et al. 
1999), but this comparison is better made inside the model. The 1999 model estimates 



growth from the tagging data, size frequency patterns and CPUE patterns simultaneously. 
This is considered a much better approach and should lead to more realistic estimates of 
uncertainty. The same approach is used with respect to maturity parameters, estimated 
outside the model in 1998, now estimated within. 

These changes addressed most of the recommendations for model change made by Breen & 
Kendrick (1999). 

6.2 Model performance 

For the NSN substock, the revised model provided a more credible assessment than did the 
1998 model. The base case was fitted without having to change any of the natural likelihood 
weights, nor to fix any of the critical parameters. In the 1998 assessment, M was fixed in the 
base case to prevent the model producing trajectories that were considered unlikely (Starr et 
al. 1999). For this stock, the same information about growth appear to be contained in the 
tagging and size frequency data: when tag data are removed, the model growth estimates 
remain about the same. Obtaining MPD estimates and MCMC estimates were both quite 
straightforward for the NSN, using the new model, and the estimates were reasonably robust 
to the data sets used (except when size frequency data were omitted) and to the other 
assumptions tested. 

For the CRA 415 stock unit, the revised model produced estimates with far fewer parameters 
stuck on their bounds than did the 1998 model (Breen & Kendrick 1999). However, fitting 
the revised model for CRA 415 proved to be more difficult than it was for the NSN. Problems 
included sensitivity of the MPD estimate to initial parameter values and to phasing, failure of 
the MPD estimation to find the global minimum (the MCMC procedure found a better 
minimum), difficulty obtaining MPD estimates with positive Hessian matrices, and a 
necessity to force the model, through arbitrary weighting, to produce a realistic M estimate. 

Sensitivity testing for the CRA 415 assessment showed the assessment to be less robust than 
for the NSN. Results are sensitive to exclusion of each data set, not just to exclusion of size 
frequency data. This suggests some contradictory signals among the three data sets, a concern 
amplified by the different growth estimates obtained when tagging data are excluded. 
Conclusions about stock size are sensitive to assumptions about selectivity-at-size, especially 
whether larger lobsters decrease in their vulnerability to the gear. 

For CRA 415, therefore, the model results are not as satisfying and clear-cut as for the NSN. 
For the NSS, the model's performance is even more truculent (Starr et al. in press). 

Growth estimation seems a natural area to focus on for improving the model's performance. 
Results are robust for the NSN where the size frequency patterns and tagging data 
independently suggest the same growth rates; this is not true in CRA 415, where the model's 
growth estimates are much less than for the NSN. The posterior distributions suggest that the 
third growth parameter, the size at which moulting becomes annual, cannot be estimated from 
the data (e.g., Figure Id). An obvious approach would therefore be to discard the parameter 
describing a size at which lobsters moult only once per year, and have all lobsters moulting in 
either every season or only one season. 

An additional approach could be to replace the intercept and slope parameters for growth with 
increments at two arbitrary sizes, such as proposed by Francis (1988). This might lead to 
more stable estimation. Yet another possible change would be to change the way growth 
variability is modelled. The present model uses a constant standard deviation of expected 
increment, independently of the size of the increment. This might be changed to a constant 
c.v., as Breen et al. (2000) describe for paua. 



Work with the tagging data emphasised that large numbers of tag returns are necessary to 
estimate growth rates for two sexes and a range of sizes, especially if seasonal complexity is 
involved. It would be useful to conduct simulations to determine target numbers of tag 
returns by size, sex and season for reliable growth estimates. Although a sample size of 1100 
returns seems large, in CRA 415 the tag return data could be misleading. 

Results from fitting larval settlement indices with the CRA 415 model must be considered 
preliminary. When fitted with a high weight, the settlement data change the conclusions from 
the base case, suggesting that current biomass is less than Bmy and that biomass will increase 
in the next 5 years rather than decreasing, as in the base case (Table 12, compare s9 with the 
base case). The settlement data thus appear to conflict with signals in the other data sets. In 
any case, the model as applied to CRA 415 is not stable enough to permit of any strong 
inference with respect to the larval settlement data. 

6.3 State of the stocks 

6.3.1 NSN substock 

CPUE in both seasons for the NSN substock has at least doubled since 1987. Model results 
presented above suggest that increased abundance was caused partly by higher than average 
recruitment to the model in the early 1990s. Reduced catches caused by decreased 
commercial quotas and reduced handling mortality caused by the escape gap requirements 
introduced in 1993 are probably also involved. 

Recent recruitment is estimated by the model to have been below average. 

The assessment (Table 10) suggests that this stock was, at the beginning of the 1999-2000 
fishing year, at about 45% ofBo (90% CI 38-54%) and well above Bmy at 200% Bmy (171- 
240%). With average recruitment and at the current levels of removals, the biomass is 
expected to decrease by 40% (23-50%) in the next 5 years, but will remain at 125% ofBmy 
(91-165%). The current exploitation rate of 15% (13-18%) is below the optimum rate of 
19% (17-21%), but may rise above this to 26% (20-34%) in the next 5 years. The calculation 
for BmY is based on a simplistic equilibrium model, using deterministic processes; the 
estimates of BbIsy must be treated with caution. 

The assessment depends heavily on the size frequency data. Conclusions are not very 
different when CPUE data and tagging data are excluded. The assessment assumes that large 
lobsters are not substantially less available to pots than smaller legal sized lobsters. When 
this assumption is relaxed, the assessment is slightly less optimistic in terms of the present 
biomass and its likely position after 5 years, but the conclusions above are not changed. Thus 
this appears to be a reasonably robust assessment. 

6.3.2 CRA 415 stock unit 

CPUE in both seasons for CRA 415 has trebled since 1991. Causes for this may include 
decreased commercial quotas, the escape gap requirements introduced in 1993, and higher 
than average recruitment (to the model's first sizes) in 1988 and 1992. Recent recruitment is 
estimated by the model to have been below average. 

The assessment (Table 13) suggests that this stock was, at the beginning of the 1999-2000 
fishing year, at about 30% of Bo (90% CI 25-35%) and well above BmY at 172% (142- 
206%). With average recruitment and at the current levels of removals, the biomass is 
expected to decrease by 24% (18-32%) in the next 5 years, but will remain at 132.9% ofBmy 
(105-163%). The current exploitation rate of 23% (19-27%) is below the model's estimated 
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optimum rate of 49% (39-56%) and from the model results is likely to remain below it the 
next 5 years. The calculation for BMsY is based on a simplistic equilibrium model, using 
deterministic processes; the estimates of BMSY must be treated with caution. 

The assessment does not depend heavily on any one data source. Exclusion of a data set can 
change the conclusions with respect to present biomass compared with BmY, suggesting that 
data sets contain conflicting signals. The tagging data set and size frequency data sets appear 
to lead to different growth estimates, which are critical to the assessment. 

The assessment assumes that large lobsters are not substantially less available to pots than 
smaller legal lobsters. When this assumption is relaxed, the assessment is less optimistic in 
terms of the present biomass. Forcing the model to fit the observed larval settlement indices 
well changes the assessment conclusions. This is not as robust an assessment for this stock 
unit as could be hoped for. 

6.4 Concluding remarks 

The revised length-based model produced a much better assessment for the NSN and perhaps 
for CRA 415. The results emphasise the utility of collecting detailed catch sampling data and 
fitting all available data with a single model. Future development of the model should 
consider revising the growth sub-model as described above. 

For both stock units, the uncertainty is greater than that suggested by the Bayesian posteriors 
because of uncertainties associated with choices made outside the Bayesian procedure, for 
instance which data sets should be included, the decision to fix the right-hand selectivity-at- 
size curves, etc. The differences seen between Bayesian posteriors and the MPD estimates 
(Tables 10 and 13) confirm, in our view, the need to treat point estimates of maximum 
likelihood estimates, and their variability estimates, with great caution. , 

Selectivity-at-size as described above is still cruder than it might be. Only two curves are 
used for each sex - one for years before 1993 and one for later years. More detail may be 
required, as discussed by Starr et al. (in press), because several historical changes may have 
influenced selectivity. Further, the specification for the right-hand limb may be too 
restrictive, and a more general function may perform better. 

At some stage the revised model should be thoroughly tested with simulated data, as 
described for the 1998 model by Starr et al. (1999). 

Finally, the results involving BMsY should be treated cautiously, remembering that BkIsY was 
calculated with a simple approach based on the maximum yield from deterministic 
equilibrium conditions. This approach is unlikely to conform with any realistic view of 
optimum yield or the biomass that supports it (see Francis 1999). 
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Table 1: Reported and unreported commercial and illegal catch estimates (kg) by year for the 
NSN substock. See Sections 4.2.2 and 4.2.4 for details. Bold entries in the illegal catch section 
denote actual total illegal estimates from MFish Compliance; other values are interpolations. 

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 
1994 
1995 
1996 

Reported Unreported Reported Unreported 
commercial commercial illegal 

- 

- 

- 
- 
- 
- 

- 

- 

- 

- 

- 

310 
459 
609 
759 
909 

1 059 
1 209 
1358 
1 508 
2 130 
2 753 
3 375 
2 438 
1 500 
2 075 
2 656 
2 344 
5 000 

27 

illegal 

- 

- 

- 

9 600 
14 244 
18 889 
23 533 
28 177 
32 821 
37 465 
42 109 
46 754 
66 044 
85 335 

104 625 
75 563 
46 500 
64 422 
82 344 
72 656 

155 000 



Table 2: Reported and unreported commercial and illegal catch estimates (kg) by year for the 
CRA 4 5  stock unit. See Sections 4.2.2 and 4.2.4 for details. Bold entries in the illegal catch 
section denote actual total illegal estimates from MFish Compliance, other values are 
interpolations. 

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 
1997 
1993 
1994 
1995 
1996 

Reported 
commercial 

393 318 
428 779 
506 712 
786 332 
963 584 
1405 013 
1 254 434 
1 232 791 
1 060 008 
1 006 208 
860 505 
784 909 
586 675 
677 410 
723 895 
753 564 
785 62 1 
937 217 
701 000 
954 000 

1 181 000 
1 462 000 
1 108 000 
1 233 000 
1 228 000 
1 013 000 
906 000 
887 000 
777 000 
691 000 
821 000 
838 000 
813 000 
946 938 
904 646 

1 111 592 
1 089 566 
1 478 619 
1 539 358 
1 585 134 
1 572 770 
1551 311 
1 425 610 
1 117 039 
1 070 801 
831 832 
817 918 
754 528 
803 060 
784 375 
785 969 
789 086 

Unreported 
commercial 

- 

lo6 715 
227 869 
187 581 
235 491 
262 079 
87 842 
126 843 

Reported 
illegal 

- 

- 

- 

- 

2 8 

Unreported 
illegal 

46 000 
63 837 
81 673 
99 510 
117 346 
135 183 
153 020 
170 856 
188 693 
238 510 

. 288 327 
338 144 
274 072 
210 000 
175 000 
140 000 
134 000 
112 000 



Table 3: Recreational catch estimates for 1994 and 1996 for each of the NSN and CRA 415 stock 
units, their mean, mean lobster weight estimated from the voluntary logbook programs (RLIC 
unpub. data), and estimates of current annual recreational catch. 

Numbers 
NSN CRA 415 

1994 198 000 132 000 
1996 297 000 159 000 
Mean 247 500 145 500 
Mean weight (kg) 0.677 0.568 
Catch weight (kg) 167 558 82 644 



Table 4: Recreational, total legal and illegal catches (kg), and standardised CPUE by period for 
the NSN substock. See Sections 4.2. and 4.4) for details of the calculations. A dash indicates no 
estimate. 

Year 
1945 
1945 
1946 
1946 
1947 
1947 
1948 
1948 
1949 
1949 
1950 
1950 
1951 
195 1 
1952 
1952 
1953 
1953 
1954 
1954 
1955 
1955 
1956 
1956 
1957 
1957 
1958 
1958 
1959 
1959 
1960 
1960 
1961 
1961 
1962 
1962 
1963 
1963 
1964 
1964 
1965 
196.5 
1966 
1966 
1967 
1967 
1968 
1968 
1969 
1969 
1970 
1970 
1971 
197 1 
1972 
1972 

Season 
AW 

SS 
A W  

SS 
AW 

SS 
AW 

ss 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

S S 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
A W  

S S 
AW 

S S 
AW 

SS 

Period Recreational 
1 3 351 
2 30 160 
3 3 745 
4 33 709 
5 4 140 
6 37 257 
7 4 534 
8 40 805 
9 4 928 

10 44 353 
11 5 322 
12 47 902 
13 5 717 
14 51 450 
15 6 111 
16 54 998 
17 6 505 
18 58 547 
19 6 899 
20 62 095 
2 1 7 294 
22 65 643 
23 7 688 
24 69 191 
25 8 082 
26 72 740 
2 7 8 476 
2 8 76 288 
29 8 871 
3 0 79 836 
3 1 9 265 
32 83 384 
3 3 9 659 
34 86 933 
3 5 10 053 
3 6 90 481 
3 7 10 448 
38 94 029 
3 9 10 842 
40 97 578 
4 1 11 236 
42 101 126 
43 11 630 
44 104 674 
45 12 025 
46 108 222 
47 12 419 
4 8 111 771 
49 12 813 
5 0 115 319 
5 1 13 207 
52 118 867 
5 3 13 602 
54 122 416 
5 5 13 996 
5 6 125 964 

Legal 
50 492 

141 881 
45 188 

131 924 
54 492 

156 587 
94 444 

253 885 
94 673 

257 040 
94 796 

259 946 
87 682 

245 701 
98 855 

274 795 
102 099 
285 096 
72 749 

218 153 
72 314 

219 736 
77 472 

234 575 
63 478 

204 022 
72 879 

228 917 
84 414 

258 868 
81 121 

253 676 
92 710 

283 756 
110 562 
328 678 
116 978 
346 499 
164 852 
462 568 
171 181 
480 181 
157 331 
449 973 
158 319 
454 928 
182 750 
515 440 
206 290 
573 842 
176 416 
505 659 
170 S76 
495 142 
145 156 
436 803 

30 

CPUE 





Table 5: Recreational, total legal and illegal catches (kg), standardised CPUE, and settlement 
indices by period for the CRA4/5 stock unit. See sections 4.2,4.4, and 4.5 for details of the 
calculations. -, no estimate. 

Year 
1945 
1945 
1946 
1946 
1947 
1947 
1948 
1948 
1949 
1949 
1950 
1950 
1951 
1951 
1952 
1952 
1953 
1953 
1954 
1954 
1955 
1955 
1956 
1956 
1957 
1957 
1958 
1958 
1959 
1959 
1960 
1960 
1961 
1961 
1962 
1962 
1963 
1963 
1964 
1964 
1965 
1965 
1966 
1966 
1967 
1967 
1968 
1968 
1969 
1969 
1970 
1970 
1971 
1971 
1972 
1972 
1973 

Season 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

SS 
AW 

Period 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
3 0 
3 1 
32 
3 3 
34 
3 5 
3 6 
37 
3 8 
3 9 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
5 0 
5 1 
52 
5 3 
54 
5 5 
5 6 
5 7 

Recreational 
1 653 

14 876 
1 847 

16 626 
2 042 

18 376 
2 236 

20 126 
2 431 

21 876 
2 625 

23 626 
2 820 

25 377 
3 014 

27 127 
3 209 

28 877 
3 403 

30 627 
3 597 

32 377 
3 792 

34 127 
3 986 

35 877 
4 181 

37 627 
4 375 

39 377 
4 570 

41 128 
4 764 

42 878 
4 959 

44 628 
5 153 

46 378 
5 348 

48 128 
5 542 

49 878 
5 736 

51 628 
5 931 

53 378 
6 125 

55 128 
6 320 

56 879 
6 514 

58 629 
6 709 

60 379 
6 903 

62 129 
7 098 

3 2 

Legal 
126 843 
283 004 
138 324 
308 928 
163 324 
363 806 
252 519 
556 176 
309 131 
678 760 
449 829 
981 436 
402 095 
880 535 
395 401 
867 531 
340 600 
751 494 
323 670 
716 568 
277 489 
618 991 
253 622 
569 207 
190 720 
435 819 
219 794 
499 423 
234 785 
532 863 
244 423 
554 839 
254 820 
578 442 
303 267 
683 537 
228 275 
524 256 
308 997 
698 478 

854 976 
471 078 

1 048 286 
358 598 
808 712 
398 578 
895 675 
397 181 
894 017 
328 943 
749 200 
295 081 
678 007 
289 228 
666 805 
254 410 

CPUE 

- 

Settlement 

- 

.. . 





Table 6: Summary of the tag recapture data used for the two stock units. 

Stock Min. size Max. size Min. Max. 
Unit Males Females a t  release at release moults moults 
NSN 1 064 45 1 44.8 85.2 1 3 
CRA 415 769 35 1 45.2 87.7 1 3 

Table 7: Prior distributions and bounds for estimated parameters. Prior types: U, uniform; N, 
normal; L, lognormal; TW, tail width. 

In mean recruitment 
Natural mortality 
Recruitment deviations 
Growth intercept 
Max size for biennial moulting 
Growth slope 
Size at 50% probability maturing 
95% maturity increment 
Relative vulnerability 
Width of ascending limb of selectivity 
Width of descending limb of selectivity 

Bounds Mean C.V. 
1-50 - - 

0.01-0.70 0.12 0.5 
-2.3-2.3 0 0.4 

50-10 000 - - 
40-1 000 - - 

-10-0 - - 
30-90 - - 
0-30 - - 
0-1 - - 

5-500 - - 
100-10 000 1 000 1 

Table 8: Initial values and phases for parameter estimation for the base case for the NSN 
substock. 

Parameter 
In mean recruitment 
Natural mortality 
Recruitment deviations 
Growth intercept (male) 
Growth intercept (female) 
Max size for biennial moulting (male) 
Max size for biennial moulting (female) 
Growth slope (male) 
Growth slope (female) 
50% probability female maturity 
95% maturity increment 
Relative vulnerability 
Selectivity 1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Descending limb of selectivity 

Initial 
value 

14.5 
0.1 

0 
78 
73 
69 
59 

-0.125 
-0.121 

52 
5 
1 

40 
80 
10 
3 0 

9 999 

Phase 
1 
1 
4 
3 
3 
., 
1 

3 
3 
3 
2 
2 
2 
2 
7 - 
2 
2 
- 



Table 9: MPD results for the NSN substock, showing parameter estimates, 
likelihoods and fishery indicators. Projections were deterministic. See Section 5.1.2 
for description of the sensitivity trials. Shaded values indicate a parameter not 
estimated. 

Parameters 

W o )  
M 
Growth intercept (male) 
Growth intercept (female) 
Biennial moult size (male) 
Biennial moult size (female) 
Growth slope (male) 
Growth slope (female) 
Size at 50% maturity 
95% maturity increment 

W) 
vulnl : males AW 
vuln2: immature females AW 
vuln3: females SS 
vuln4: mature females AW 
Selectivity 1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Selectivity right (male) 
Selectivity right (female) 

Likelihoods 
from CPUE 
from size frequency 
from tagging data 
from priors 
from recruitment deviations 
fi-om U penalty 
fi-om settlement data 
Total 

Indicators 
Bo, 1 B99 
B99 1 B,mr 
Bo, 1 B M S ~  
B99 / Bo 
u98 

u03 

U,", 

base 
case 

13.60 
0.1 19 

83.2 
72.6 

162.4 
57.4 

-0.094 
-0.178 

57.8 
16.2 

-7.73 
1 .ooo 
0.425 
0.735 
0.43 1 
18.22 
1 .oo 
18.1 
77.2 

no CPUE 
s 1 

13.28 
0.086 

83.8 
73.4 

520.0 
57.4 

-0.091 
-0.165 

57.9 
15.0 

-7.43 
0.688 
0.292 
0.754 
0.275 
2.53 

63.14 
18.0 
80.1 

no LFs 
s2 

14.94 
0.316 

77.5 
73.1 
69.2 
59.4 

-0.125 
-0.121 

32.0 
0.8 

-7.43 
0.735 
0.962 
0.001 
1 .ooo 
69.81 

499.97 
1 .o 

500.0 

no tags 
s3 

13.87 
0.161 

85.3 
74.2 

488.9 
56.5 

-0.093 
-0.189 

57.1 
14.2 

-7.82 
1 .ooo 
0.41 1 
0.773 
0.462 
53.92 

1.10 
16.8 
69.5 

prior 
varR VLl=VLZ 

s4 s6 
13.56 13.50 
0.099 0.107 

81.5 79.9 
72.4 73.5 
72.0 118.1 
56.5 57.0 

-0.101 -0.109 
-0.179 -0.176 

57.9 57.6 
14.3 14.2 

-7.98 -7.8 1 
1 .ooo 1 .ooo 
0.501 0.412 
0.793 0.839 
0.497 0.469 

500.00 499.10 
14.34 497.55 

19.1 17.6 
83.5 75.5 



Table 10: Summary of posterior distributions from MCMC simulations for the NSN substock. 
Min, minimum value seen in 5000 samples; max, maximum value, 5%, the value a t  the 5th 
percentile; 95%, the value at the 95th percentile; MPD, the posterior mode estimate from the 
base case. The last two entries show the percentages of samples in which the comparison 
indicated was true. Asterisks indicate the parameters for which the MPD estimate lies outside 
the 5 and 95 percentiles of the posterior distribution. 

MRo) 
M 
Growth intercept (male) 
Growth intercept (female) 
Biennial moult size (male) 
Biennial moult size (female) 
Growth slope (male) 
Growth slope (female) 
Size at 50% maturity 
95% maturity increment 
vuln 1 
vuln2 
wln3 
vuln4 
Selectivity1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Objective hnction 
Bo4 1 B99 
399 1 Bmr 
Bo4 1 Bmr 

Min 
13.26 
0.08 1 
77.8 
70.2 
71.7 
55.1 

-0.121 
-0.212 

56.7 
12.2 

0.954 
0.357 
0.657 
0.391 
2.37 
1 .oo 

16.01 
68.87 

2 028.3 
27.7% 

130.1% 
36.0% 
27.0% 
0.106 
0.135 
0.148 
1 .ooo 

Max 
13.96 
0.162 

87.5 
75.3 

998.6 
58.3 

-0.079 
-0.155 

58.7 
17.9 

1 .ooo 
0.624 
0.940 
0.576 

499.99 
1.19 

28.01 
90.96 

2 056.5 
1 16.4% 
29 1.9% 
252.9% 

65.1% 
0.259 
0.883 
0.242 

Median Mean 
13.59 13.60 
0.112 0.1 12 

81.3 81.3 
72.5 72.5 

524.9 528.7 
56.7 56.7 

-0.101 -0.101 
-0.178 -0.178 

57.8 57.8 
14.7 14.7 

0.985 0.983 
0.507 0.507 
0.800 0.801 
0.501 0.501 

430.84 409.02 
1.05 1.05 

20.19 20.38 
78.59 78.63 

2 037.5 2 037.9 
60.8% 61.8% 

202.4% 203.3% 
124.2% 125.7% 
45.2% 45.4% 
0.154 0.155 
0.256 0.262 
0.186 0.187 

MPD 
13.60 
0.1 19 

83.2 
72.6 

162.4 
57.4 

-0.094 
-0.178 

57.8 
16.2 

1 .ooo 
0.425 
0.735 
0.43 

18.22 
1 .oo 

18.12 
77.2 

2 033.7 
42.0% 

144.7% 
60.8% 
3 1.4% 
0.239 
0.579 
0.208 



Table 11: Initial values and phases for parameter estimation for the base case for the NSN 
substock. AW stands for autumn-winter; SS for spring-summer. 

Parameter 
Ln mean recruitment 
Natural mortality 
Recruitment deviations 
Growth intercept (male) 
Growth intercept (female) 
Max size for biennial moulting (male) 
Max size for biennial moulting (female) 
Growth slope (male) 
Growth slope (female) 
50% probability female maturity 
95% maturity increment 
Relative vulnerability: males AW 
Relative vulnerability: immature females AW 
Relative vulnerability: females SS 
Relative vulnerability: mature females AW 
Selectivity1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Descending limb of selectivity 

Initial 
value Phase 



Table 12: MPD results for CRA 415, showing parameter estimates, likelihoods and fishery 
indicators. Projections were deterministic. See Section 5.2.2 for description of the sensitivity 
trials. Shaded values indicate a parameter not estiniated. Asterisks indicate runs for which the 
Hessian was not positive definite. 

Parameters 
WRo) 
M 
Growth intercept (male) 
Growth intercept (female) 
Biennial moult size (male) 
Biennial moult size (female) 
Growth slope (male) 
Growth slope (female) 
Size at 50% maturity 
95% maturity increment 
Ln(d 
vuln 1 : males AW 
vuln2: immature females AW 
vuln3: females SS 
vuln4: mature females AW 
Selectivity1 left (male) 
Selectivity 1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Selectivity right (male) 
Selectivity right (female) 

Likelihoods 
from CPUE 
from size frequency 
fiom tagging data 
from priors 
from recruitment deviations 
from U penalty 
from settlement data 
Total 

Indicators 
Bo: 1 B99 

B99 I BMSY 
Bo4 1 BUSY 
B99 1 Bo 
U98 

u03 

G a r  

* 
no 

base CPUE 
case sl 

14.87 14.89 
0.137 0.127 

86.2 86.3 
75.2 166.0 

213.1 263.2 
58.2 57.8 

-0.043 -0.044 
-0.071 -0.012 

52.8 53.3 
11.6 10.2 

-7.632 -7.676 
1.000 0.847 
0.372 0.308 
0.827 0.893 
0.368 0.423 
49.1 47.7 
97.2 89.5 
19.8 14.6 
20.6 19.4 

no LFs 
s2 

15.13 
0.123 
156.5 
87.7 

200.1 
57.4 

-0.014 
-0.057 

72.8 
7.8 

-8.735 
0.389 
0.573 
0.154 
0.996 

5 .O 
135.7 

5.0 
5.0 

* 

no tags 
s3 

14.80 
0.138 
53.3 
63.0 

232.5 
52.8 

-0.426 
-0.326 

50.4 
13.4 

-7.970 
1 .ooo 
0.499 
0.781 
0.290 
66.8 

161.9 
22.4 
35.6 

* 
varR varR 
prior no prior 

s4a s4b 
14.89 14.94 
0.134 0.120 

89.3 95.1 
91.7 276.1 

201.4 212.2 
58.0 57.6 

-0.040 -0.036 
-0.042 -0.008 

52.8 52.7 
11.3 11.0 

-7.681 -7.695 
1.000 1.000 
0.389 0.400 
0.910 1.000 
0.408 0.441 
49.1 49.4 
93.7 92.8 
19.6 19.6 
20.4 21.0 



Table 12 continued: MPD results for CRA 415, showing parameter estimates, likelihoods and 
fishery indicators. "Settle 1" indicates a test with settlement fitted, using the natural value for 
the likelihood contribution; "Settle 10" is the same but with an arbitrary weight of 10 for the 
settlement likelihoods. "Lag" refers to the time between larval settlement and recruitment to the 
model. 

Parameters 
In(R0) 

M 
Growth intercept (male) 
Growth intercept (female) 
Biennial moult size (male) 
Biennial moult size (female) 
Growth slope (male) 
Growth slope (female) 
Size at 50% maturity 
95% maturity increment 
W )  
vulnl : males AW 
vuln2: immature females AW 
vuln3: females SS 
vuln4: mature females AW 
Selectivity1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Selectivity right (male) 
Selectivity right (female) 

Likelihoods 
from CPUE 
from size frequency 
from tagging data 
from priors 
from recruitment deviations 
fiom U penalty 
fiom settlement data 
Total 

Indicators 
BOJ 1 B99 

B99 1 BMSY 
Bod 1 BMSY 
B99 Bo 
u98 

u03 

urn, 

* 
Settle 1 

lag=3 
s5 

15.11 
0.148 
1 10.0 
128.4 
20 1.3 
57.8 

-0.024 
-0.020 

52.9 
10.7 

-7.748 
1 .ooo 
0.359 
0.966 
0.378 
46.9 
83.7 
18.5 
20.2 

Settle 1 
lag=2 

s6 
14.95 
0.146 

77.0 
73.1 

248.6 
58.1 

-0.061 
-0.085 

52.8 
12.8 

-7.708 
1 .ooo 
0.341 
0.844 
0.377 
5 1.7 
97.0 
20.3 
20.3 

Settle 1 
lag=4 

s7 
15.03 
0.146 

94.9 
87.7 

264.5 
57.9 

-0.033 
-0.043 

52.9 
11.2 

-7.668 
1 .ooo 
0.365 
0.888 
0.356 
46.7 
87.9 
19.2 
20.2 

* 
Settle 10 Settle 10 

lag=3 Iag=2 
s8 S9 

15.18 15.06 
0.147 0.144 

91.2 79.6 
10 000.0 177.4 

838.4 214.0 
56.8 56.9 

-0.036 -0.055 
0.000 -0.010 

53.4 53.6 
10.2 11.7 

-7.683 -7.639 
0.905 0.828 
0.329 0.349 
0.880 0.885 
0.462 0.454 
46.4 48.4 
85.5 78.8 
13.7 14.1 
19.8 19.6 

Settle 10 
lag=4 

s10 
15.08 
0.144 

84.9 
137.1 
205.5 

57.5 
-0.044 
-0.0 18 

53.1 
10.6 

-7.829 
1 .ooo 
0.352 
1 .ooo 
0.410 
48.6 
88.3 
19.2 
20.7 



Table 12 continued: MPD results for CRA 415, showing parameter estimates, likelihoods and 
fishery indicators. "Priorwt" refers to the arbitrary weight assigned to the prior distribution 
likelihoods. 

Parameters 
Ln(R0) 
M 
Growth intercept (male) 
Growth intercept (female) 
Biennial moult size (male) 
Biennial moult size (female) 
Growth slope (male) 
Growth slope (female) 
Size at 50% maturity 
95% maturity increment 
Ln(d 
vulnl : males AW 
vuln2: immature females AW 
vuln3: females SS 
vuln4: mature females AW 
Selectivity1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Selectivity right (male) 
Selectivity right (female) 

Likelihoods 
from CPUE 
from size frequency 
from tagging data 
from priors 
from recruitment deviations 
from U penalty 
from settlement data 
Total 

Indicators 
B04 1 B99 

B99 1 BMY 
Bor 1 BMSY 
B99 1 Bo 
u98 

u03 . . 

urnc7.r 

* 
Priorwt 

100 
base 

14.87 
0.137 

86.2 
75.2 

213.1 
58.2 

-0.043 
-0.07 1 

52.8 
11.6 

-7.632 
1 .ooo 
0.372 
0.827 
0.368 
49.1 
97.2 
19.8 
20.6 

Priorwt 
10 
s8 

16.03 
0.34 1 

81.2 
65.7 

262.4 
57.6 . 

-0.053 
-0.202 

50.7 
12.2 

-7.601 
1 .ooo 
0.253 
0.440 
0.185 
43.1 

1 12.2 
18.6 
26.7 

Priorwt 
1 

s9 
18.63 
0.750 

2 853.9 
65.6 

.75.1 
57.2 

0.000 
-0.277 

49.3 
10.4 

-7.756 
1 .ooo 
0.054 
0.101 
0.066 

32.6 
100.2 
12.3 
24.3 



Table 13: Summary of posterior distributions from MCMC simulations for the CRA 415 stock 
unit. Min: minimum value seen in 5000 samples, max: maximum value, 5%: the value a t  the 5th 
percentile, 95%: the value a t  the 95th percentile; MPD: the posterior mode estimate from the 
base case. The last two entries show the percentages of samples in which the comparison 
indicated was true. Asterisks indicate the parameters for which the MPD estimate lies outside 
the 5 and 95 percentiles of the posterior distribution. 

Lmo)  
M 
Growth intercept (male) 
Growth intercept (female) 
Biennial moult size (male) 
Biennial moult size (female) 
Growth slope (male) 
Growth slope (female) 
Size at 50% maturity 
95% maturity increment 
vuln 1 
vuln2 
vuln3 
vuln4 
Selectivity 1 left (male) 
Selectivity1 left (female) 
Selectivity2 left (male) 
Selectivity2 left (female) 
Objective hnction 
BO.I 1 B99 
B99 1 BMSY 
BO.I 1 Bmr 
B99 1 Bo 
U98 
u03 

G m  

W 9 9  > BMSY) 
WO.I > B99) 

Min 
14.66 
0.1 19 
74.3 
63.5 
66.6 
55.9 

-0.066 
-0.174 

5 1.1 
9.1 

0.968 
0.183 
0.506 
0.185 
42.12 
90.07 
17.62 
18.89 

-2 473.2 
62.3% 

100.1% 
67.9% 
19.9% 
0.154 
0.178 
0.300 
1 .ooo 

Max 
15.12 
0.164 
101.7 
82.1 

998.7 
61.0 

-0.028 
-0.052 

53.9 
17.2 

1 .ooo 
0.483 
0.897 
0.428 
56.04 

138.65 
23.15 
29.1 1 

-2 410.5 
121.5% 
266.2% 
250.5% 
46.3% 
0.332 
0.552 
0.712 

Median 
14.86 
0.138 

81.6 
66.5 

534.6 
58.1 

-0.050 
-0.135 

52.4 
12.4 

0.994 
0.322 
0.6 19 
0.254 
49.52 

1 17.72 
20.18 
24.01 

-2 459.4 
76.1% 

1 72.4% 
132.0% 
29.5% 
0.232 
0.341 
0.489 

Mean 
14.86 
0.138 

82.9 
66.9 

534.9 
58.0 

-0.049 
-0.135 

52.4 
12.5 

0.992 
0.324 
0.629 
0.259 
49.48 

117.51 
20.24 
24.01 

-2 458.5 
76.8% 

173.1% 
132.9% 
29.8% 
0.232 
0.342 
0.484 

MPD 
14.87 
0.137 

86.2 
75.2 

213.1 
58.2 

-0.043 
-0.071 

52.8 
11.6 

1 .ooo 
0.372 
0.827 
0.368 
49.08 
97.16 
19.75 
20.59 

-2 473.2 
73.5% 

126.5% 
93.0% 
25.4% 
0.272 
0.416 
0.330 



Table 14: Expected moult increments (mm tail width) for lobsters of each sex and various pre- 
moult sizes implied by the growth parameters estimated for NSN and CRA 415 by the medians of 
the posterior distributions. 

Stock unit 
Sex 
Intercept 
Slope 
Size 
3 0 
40 
5 0 
60 
70 
80 
90 

NSN 
males 

81.3 
-0.101 

CRA 415 
males 

8 1.6 
-0.05 

NSN C U  415 
females females 

72.5 66.5 
-0.178 -0.135 
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Figure 1. Fit of the model to the base case for the NSN substock. A: observed CPUE (squares and light 
dotted lines) and CPUE predicted by the model (solid line) B: Legal biomass (squares) in the 
spring-summer (upper series) and autumn-winter (lower series) seasons; total biomass in 
spring-summer (solid line) C: Legal exploitation rate calculated for each season by the model 
D: Recruitment deviations predicted by the model. 
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Figure 2. The fit of the model to size frequency data for the NSN base case. The x axis in all figures is 
tail width (mm), and the y-axis is proportion calculated across all lobsters for each period. The 
bars show observed data, the lines show model predictions. For each period, males are the left, 
immature females the centre, and mature females the right figure. Text on the right-hand side 
shows the data source, year, season (AW: autumn-winter; SS: spring-summer), and effective 
sample size. 
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Figure 2 continued. 
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Figure 3. Fit of the model when size-frequency data were not fitted for the NSN substock A: observed 
CPUE (squares and light dotted lines) and CPUE predicted by the model (solid line) B: Legal 
biomass (squares) in the spring-summer (upper series) and autumn-winter (lower series) 
seasons; total biomass in spring-summer (solid line) C: Legal exploitation rate calculated for 
each season by the model D: Recruitment deviations predicted by the model. 
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Figure 4. The fit of the model to size frequency data for the NSN in a sensitivity trial where size 
frequencies were not used in fitting. See Figure 2 caption for explanation. 
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Figure 4 continued. 
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Figure 5. Fit of the model when CPUE data were not fitted for the NSN substock A: observed CPUE 
(squares and light dotted lines) and CPUE predicted by the model (solid line) B: Legal biomass 
(squares) in the spring-summer (upper series) and autumn-winter (lower series) seasons; total 
biomass in spring-summer (solid line) C: Legal exploitation rate calculated for each season by 
the model D: Recruitment deviations predicted by the model. 
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Figure 6. Fit of the model for the NSN substock when the right-hand limbs of selectivity-at-size curves 
were fitted with a prior. A: observed CPUE (squares and light dotted lines) and CPUE 
predicted by the model (solid line) B: Legal biomass (squares) in the spring-summer (upper 
series) and autumn-winter (lower series) seasons; total biomass in spring-summer (solid line) 
C: Legal exploitation rate calculated for each season by the model D: Recruitment deviations 
predicted by the model. 



Figure 7. For selected parameters shown, parameter estimates from 5000 samples taken from one 
million MCMC simulations from the NSN base case. The x-axis is the sequence in the million 
simulations, with one sample taken every 200 simulations; the y-axis is the parameter value. A: 
In(Ro) B: M C: growth intercept (male) D: maximum size for biennial moulting (male) E: 
relative vulnerability for males in autumn-winter F: left-hand selectivity parameter for males 
before 1993 G: left-hand selectivity parameter for males after 1992 H: 1998 exploitation rate. 
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Figure 8. Posterior distributions for selected estimated parameters. The x-axis is the parameter value; 
y-axis is the frequency observed in 5000 MCMC samples. A: In(Ro) B: M C: growth intercept 
(male) D: maximum size for biennial moulting (male) E: growth slope (males) F: relative 
vulnerability for females in autumn-winter 



0.15 0.16 0.17 0.18 0.19 0.20 0.20 0.21 0.22 0.23 
value 

515 527 539 551 562 574 586 598 610 622 633 645 
value 
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Figure 9. Fit of the model to the base case for the CRA 415. A: observed CPUE (squares and light 
dotted lines) and CPUE predicted by the model (solid line) B: Legal biomass (squares) in the 
spring-summer (upper series) and autumn-winter (lower series) seasons; total biomass in 
spring-summer (solid line) C: Legal exploitation rate calculated for each season by the model 
D: Recruitment deviations predicted by the model E: observed (squares) and predicted (solid 
line) larval settlement. 
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Figure 10. The fit of the model to the base case data for CRA 415. See Figure 2 caption for explanation. 
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Figure 10 continued. 
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Figure 10 continued. 
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Figure 11. Fit of the model for CRA 415 when the right-hand limbs of selectivity-at-size curves were 
fitted with a uniform prior. A: observed CPUE (squares and light dotted lines) and CPUE 
predicted by the model (solid line) B: Legal biomass (squares) in the spring-summer (upper 
series) and autumn-winter (lower series) seasons; total biomass in spring-summer (solid line) 
C: Legal exploitation rate calcutated for each season by the model D: Recruitment deviations 
predicted by the model E: observed (squares) and predicted (solid line) larval settlement. 
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e model for CRA 415 when fitted to larval settlement indices using a lag of 2 years 
between larval settlement and recruitment to the model, and using an arbitrary weight of 10 on 
the likelihood. A: observed CPUE (squares and light dotted lines) and CPUE predicted by the 
model (solid line) B: Legal biomass (squares) in the spring-summer (upper series) and autumn- 
winter (lower series) seasons; total biomass in spring-summer (solid line) C: Legal 
exploitation rate calculated for each season by the model D: Recruitment deviations predicted 
by the model E: observed (squares) and predicted (solid line) larval settlement. 
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Figure 13. For selected parameters shown, parameter estimates from 5000 samples taken from one 
million MCMC simulations from the CRA415 base case. The x-axis is the sequence in the 
million sirnu.lations, with one sample taken every 200 simulations; the y-axis is the parameter 
value. A: In(Ro) B: M C: growth intercept (male) D: maximum size for biennial moulting (male) 
E: relative vulnerability for males in autumn-winter F: left-hand selectivity parameter for 
males before 1993 G: left-hand selectivity parameter for males after 1992 H: 1998 exploitation 
rate. 
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Figure 14. Posterior distributions for selected estimated parameters. The x-axis is the parameter 
value; y-axis is the frequency observed in 5000 MCMC samples. A: In(Ro) B: M C: growth 
intercept (male) D: maximum size for biennial moulting (male) E: growth slope (males) F: 
relative vulnerability for females in autumn-winter. 
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APPENDIX I. ASSESSMENT MODEL 
The parameters and variables used by the model can be divided into: 

Structural variables that are fixed and define the structure of the model. 

Observations that are known and influence the history of the fishery in the model. 

Model parameters that influence the dynamics and that are either estimated or fixed at 
assumed values. 

Derived variables that are dependent on the model parameters and used to calculate state 
variables or to make predictions. 

e State variables, dependent on model parameters, that describe the modelled state of the 
stock and are used to make model predictions. 

0 Predictions for comparison with observations. 

Likelihood variables that are used in comparing the model's predictions with 
observations. 

These parameters and variables are described in Table A l .  The model uses a half-year time 
step: autumn-winter (AW) from 1 April to 30 September and spring-summer (SS) from 1 
October to 3 1 March. Periods are indexed by t .  Season, indexed by k, can be calculated from 
t by mod@ - 1,2)+ 1 . Three sex categories, indexed by g, are kept distinct in the model: males 
(male), immature females Cfemale), and mature females Cfemmat). Size is indexed by s, years 
by y, and tag return records by i. In describing how length frequency records are handled, 
month is indexed by m and area by a. In discussing how growth of tagged lobsters is 
predicted, the number of moults is indexed by q. The subscript used to index the selectivity 
function parameters is z. 

Table A1 : 
variables and parameters of the assessment model 

Major 

Structural and fixed variables 
e Denotes the vector of model parameters - Smallest size modelled (30.00 to 3 1.99 mm) 
SSmin 

Sm, 
Number of size classes modelled (90) 

- Mean size in the largest size class 
sm, 

SZ Number of proportions-at-length in length frequency samples 

T Size of an individual in size class s (mid point of the size class bounds) 

a Scalar of the size-weight relation for sex g 

bg , . Exponent of the size-weight relation for sex g 

tR Years between settlement and recruitment to the model 

c Proportion of discarded animals that die 

4 Mean of the size distribution of recruits to the model (males and immature females only) 

Y Standard deviation of the size distribution of recruits (males and immature females only) 

I Identity matrix for model size classes 

Observations 

c:"" Legal, or size-limit-bound (SLB) catch weight in time step t 

PB Weight of the illegal catch, or catch not bound by the size limit (NSLB) in period t 

CR, Observed catch rate in period t 

I ,  Observed standardised CPUE in period t , 



llg 
Minimum legal size limit for sex g in period t 

Dm,, Numbers of days sampled in month rn and area a 

s y g  
Size of the ith tagged lobster ar release 

S ~ P  
Size of the ith tagged lobster at recapture 

Observed proportions-at-size in the catch in period t 
p;t 

PY 
Observed puerulus settlement in year y 

Model parameters 

4% Natural logarithm of Ro, the mean annual recruitment to the model for each sex 

Recruitment deviation in year y 
&Y 

M Instantaneous rate of natural mortality 

rk" 
Relative seasonal vulnerability for sex g and season k 

g  Size of maximum selectivity of sex g for selectivity fimction z 
f l z  

v!./ Shape parameter for the left hand limb of the selectivity curve for sex g and selectivity 
function z 

vp" Shape parameter for the right hand limb of the selectivity curve for sex g (assumed except in 
sensitivity trials) 

hg Slope of the growth increment-at-size relation for sex g 

s: Size at which growth ceases for sex g 

s: Maximum size for sex g at which moulting occurs in secondary season 

P 
Standard deviation of the expected growth increment (assumed) 

m50 
Size at which the probability of a female maturing is 50% 

m95 
Size at which the probability of a female maturing is 95% 

Derived variables 
6 Survival rate from natural mortality in one half-year time period 

Lf,, Legal status flag (zero or one) for individuals of sex g and size s in period t. Mature females 
are assumed to be berried and are therefore not legal in A W. 

Ro 
Vector of average recruitment-at-size 

N,p 
Vector of numbers at size for sex g in the unexploited population at equilibrium 

yg 
y-intercept of the growth increment-at-size relation for sex g 

' g  Expected growth increment of an individual of size s and sex g 
. . 1 s  , 

ff Moult probability of an individual of size s and sex g 

xi Growth transition matrix for sex g d u h g  season k 

Proportion of individuals of sex g that grow from size-class s to size-class s' in season p 
X:s',k 
a Expected size of an individual of size s and sex g after moulting 

S:r+l 

g Total vulnerability, incorporating selectivity and seasonal vulnerability, of an individual of 
's,k.: sex g and size s for selectivity fbnction z 

*,1,,0 
Calculated weight for length frequencies from month in and area a 

0 Probability that a female at size s will mature in one time step 
-s 

W: 
Weight of an individual of size s and sex g 

Q Vector of the probability of females maturing-at-size 



State variables 
Numbers of sex g and size s at the start of time step t 

Numbers of sex g and sizes after fishing and natural mortality during time step t 

R l  
Total recruitment to the model in time step t 

Recruitment to the model for size class s in time step t (same for both sexes) 
R, ,* 
By Biomass vulnerable to fishing bounded by size restrictions in time step t 

B Y  
Biomass vulnerable to fishing not bounded by size restrictions in time step t 

SLB Legal or SLB exploitation rate in time step t 
Ul 

u ,mLB Illegal or NSLB exploitation rate in time step t 

B:""' Biomass above the legal sizes in period t 

Deterministic equilibrium biomass that yields MSY 
B M Y  

Model predictions 
Predicted CPUE for period t 

i Y p  
Predicted size at recapture for the ith tagged lobster 

0: 
Predicted standard deviation of the increment for the ith tagged lobster 

Predicted proportion-at-size for size g and sex s in period t 2 t  
FY 

Predicted puerulus settlement in year y 

Likelihood variables 

oc Standard deviation of recruitment deviation 

q1 
Scaling coefficient for CPUE index 

qP 
Scaling coefficient for puerulus index 

4 Standard deviation of standardised CPUE indices in period t 

n ' Number of periods for which standardised CPUE indices are available 

K, 
Effective sample size of proportions-at-size in period t 

n P Number of years for which puerulus settlement indices are available 

op Standard deviation of puerulus settlement indices 

urnax Maximum exploitation rate 

m I ReIative weight applied to CPUE likelihoods 

mP Relative weight applied to proportions-at-size 



I.1INlTIA L SIZE STRUCTURE 

The population is assumed to be in an initial unexploited equilibrium at the start of 1945. 
The number of each sex in each size class is the equilibrium function of the growth transition 
matrices for each season, recruitment, and natural mortality: 

where the vector of recruitment-at-size, R, (same for both sexes), is derived from the 
multiplication of RO and the equilibrium recruitment proportions calculated as in Eq 4; 

X& and Xz, are growth transition matrices for spring-summer and autumn-winter for sex g; 

Q is the vector of the probability of females maturing-at-size ;6 is the natural survival rate in 
- M I 2  one time step,6 = e . 

1.2 RECRUITMENT 

The number of lobsters recruiting to the model in a year is assumed to be equal for males and 
females and is divided equally over the two seasons. Recruitment deviations are estimated for 
those years likely to have information on the strength of recruitment, and recruitment 
calculated from: 

where it is assumed that the recruitment deviations s, are normally distributed with mean 

zero and standard deviation aE . The term -- Q'P come, for the log-normal bias associated 
2 

with different values of aE . 

Recruitment is dispersed over the size-classes, assuming a normal distribution that is 

truncated at the smallest size class: 



where & is the mean size in size class s, 4 is the (assumed) mean size-at-recruitment and y 
is the (assumed) standard deviation about mean size-at-recruitment. 

1.3 GROWTH 
Moult-based growth is modelled explicitly using a two part model. The first part of the model 

describes the sex- and size-specific moult increment of a lobster in size class cs . The 

parameters of the model are hg , S i  and S i ,  which are the slope of the increment-at-length 
relation, the maximum size and the maximum size at which moulting occurs in the secondary 

moulting season. From those, the mean expected increment j,! can be calculated for each 
size s for each sex g: 

but is constrained not to be negative. Variability in the growth increment is assumed to be 

normally distributed around jf with a fixed standard deviation p. 

The second part of the model describes the sex- and size-specific probability of moulting. 
Each sex has a primary moulting season during which all sizes moult. For males, the primary 
moulting season is at the beginning of spring-summer; for females the beginning of autumn- 
winter. During the secondary moulting season, moulting is done only by animals below an 

estimated size, : 

Lobsters larger than c~ have no growth in the secondary season. 

From this growth model, the growth transition matrix Xf is generated as follows. The mean 

expected size of an individual of sex g and size %(in size class s)  after the next moult 

period is: 

Eq 6 il,+, =% +-if f ,"  

However, because of variability in growth, not all iqdividuals move into the size class to 

which St,,, belongs. Some individuals move into size classes above and below this size, 

depending on pf . For each size class s, the probability that the individual will grow into each 

of the other size classes, s' , is calculated by integrating over a normal distribution with mean 
n 

S:,,, and standard deviation qf . The largest size group is cumulative, i.e., no animals grow 
- 

out of this group, so the integration is done from the smallest size in that size class, S ,  to m 

With the sex index, g, and the season index, k, suppressed this is: 



Moulting in this model occurs at the beginning of each period. Growth is applied to the 
numbers remaining in each size class after fishing in the previous time step. Along with 
recruitment, this updates numbers in each size class prior to fishing in the next time step. 

1.4SELECTlVlTYAND RELATlVE VULNERABlLlTY 
The ascending and descending limbs of the selectivity curve are modelled using two normal 
curves with the same mean but with different shapes, which are determined by parameters 
analogous to the variance of a normal curve. A logistic selectivity curve can be 
approximated by setting the shape parameter fo; the right hand limb to a large number. Total 

vulnerability is the product of the selectivity curve and relative seasonal vulnerability, rkp : 

Selectivity curves are assumed to be the same for mature and immature females. Separate 
estimates of r;l: and v:,' are made for groups of periods (epochs) with distinct escape-gap 
regulations. For instance, in all areas there was a change in escape gap regulations in 1993, so 
separate estimates of the centre and ascending limb of the selectivity curve are made for times 
before and after this year. Three epochs are defined for both CRA 3 and the NSS: periods 1- 
51, periods 52-96, and periods 97 - 110. 

It is assumed that the maximum relative seasonal vulnerability is for males in spring-summer, 
male - i.e., rss - 1. It is also assumed that the relative seasonal vulnerability of mature females is 

f m l e  differs from that of immature females only in the autumn-winter, i.e. r e =  rxs . 

1.5 MATURITY 

The probability of a female maturing during a period is modelled as a logistic curve: 

Q3 = 

i 1 + exp - ln(1 9)(gs - mj0)/ '  
/' 

/ ( ~ 9 5  - m50 



where ing5 is constrained to be greater than m50. Maturation occurs after growth. The 
proportion Q, of immature females are subtracted from the number of females in size class s 
and added to the number of femmat in size class s. 

1.6 EXPLOITATION RATES 

The exploitation rates for the fisheries bounded and not bounded by minimum legal size and 
berried female restrictions (SLB and NSLB respectively) in each period are calculated as the 
ratio of catch to available biomass. The available biomass for each fishery is the sum, across 
all size classes, of the product of the numbers of individuals and their weight, modified by 
total vulnerability and, for the SLB fishery, the minimum legal size and the protection of 
mature females in the autumn-winter season. These equations assume that total vulnerability 
functions are the same for SLB and NSLB catches. 

The model limits exploitation rate in each to u"'", which is 0.80 for this assessment. If the 
ratio of observed catch to model biomass exceeds this, then exploitation rate is restricted to 
just over u"'" and a penalty is added to the total negative log-likelihood function: 

Eq l l a  

Eq l l b  

Eq 12 

Eq 13 

Eq. 14a 

rr SLB 

CSLB for - < u  max 

BYSLB - 

2 
NSLB 

NSLB 



The legal status is determined by the minimum legal size limit: 

and is zero for mature females in the autumn-winter season. 

The mean weight of individuals in each size class is determined from: 

The d' and bg parameters are assumed to be the same for immature and mature females. 

Fishing, natural and handling mortality are applied simultaneously. Given the assumption 
that all mature females in the autumn-winter season are berried and hence not legal, SLB 
fishing mortality is applied in the same manner to both males and females. Handling 
mortality, c, is applied in proportion to the rate of SLB fishing mortality. The mortality 
relations are: 

1.8LIKELIHOOD OF ABUNDA NCE INDICES 
A predicted CPUE index is calculated as a proportion of SLB biomass, 

Eq 20 I S L B  
I ,  = q  4 

where the scaling coefficient q' is calculated from: 

A log-normal likelihood function is used to compare predicted (it ) and observed ( I, ) 
biomass indices, 

I Eq 21 q = exp 

- 

n I 

- - 

where n' is the number of time steps for which an observed biomass index is available. 



where the standard deviation o: for each period is obtained from the standardisation process 

and m1 is the relative weight applied to the standardised CPUE index. 

1.9 PROPORTION-AT-SIZE LIKELIHOOD 

The observed relative proportions-at-size, p:, , for each sex category are fitted for each 
period. In each period, these proportions sum to one across the three sex categories. The 
model predictions for the relativeproportions-at-size in each category are: 

We adopt the robust normal likelihood proposed by Fournier et al. (1990) for fitting the model 
predictions to the observed proportions-at-size. The variance is assumed to be multinomial 
and is weighted by the effective sample size, K, : 

where R is the number of proportions-at-size in all three sex categories (or two sex 
categories for the historical data), and mP is the relative weight applied to the proportions-at- 
size. The robust likelihood reduces the influence of outliers.The 0.01 term in the second part 
of the likelihood equation reduces the influence for observations more than three standard 
deviations from the predicted. The 0.1 / SZ term prevents the variance from tending to zero as 
the predicted value tends to zero (Fournier et al. 1990). 

The effective sample size, K, , was applied to the aggregated sample from each six-month 
period, t. It was calculated based on the cube root of the number measured, the cube root of 
days sampled, and the proportion of the total area x period catch taken from each month by 
statistical area cell. 

1.10 LIKELIHOOD OF TAG SIZE INCREMENTS 

The predicted size of a recaptured tagged lobster is calculated by simulating each moult during 
A 

the time at liberty. For the first moult, the predicted increment, SyP, is 



where the increment is calculated as in Eq 4 and Eq 5, and iterated as many times as 
necessary to match the number of seasons at liberty. 

A normal likelihood function is used to compare predicted and o b s e ~ e d , S ~ ~ ,  sizes at 
recapture: 

1.11 LIKELIHOOD OF PUERULUS SETTLEMENT INDICES 

Annual puerulus settlement indices are fitted in a manner similar to that for SLB biomass 
indices. Predicted puerulus settlement is calculated as a proportion of the estimated recruitment, 
lagged by the assumed number of years, t R  , between settlement and recruitment to the model: 

where the scaling coefficient q P  is calculated analytically from: 

where nP is the number of years for which a settlement index can be used. 

A 

A log-normal likelihood function is used to compare predicted (P, ) and observed (P, ) 
settlement indices for each year: 

where the standard deviation of puerulus settlement indices, aP , is assumed and is constant 

for all observations. 

1.12 LIKELIHOOD OF RECRUITMENT RESIDUALS 

Annual recruitment deviations, which cause recruitment to move away from average 
recruitment, are penalised with a normal likelihood function: 



1.13 PERFORMANCE lNDlCA TORS 

Because there are changes in the SLB biomass between seasons, caused by seasonal 
differences in vulnerabilities and the legal status of females, all performance indicators are 
expressed in terms of B'""', the total biomass of males and females above the minimum legal 
sizes in force in 2000, at the beginning of the AW season. 

Projections are made using stochastic recruitment. Previously, this was based on the 

estimated mean recruitment, R, , and the assumed variability of recruitment deviations, o" . 
However, there was a concern that this was too optimistic in cases where the recent 
recruitment had been below average. In 2000 the recruitment for projections was randomly 
re-sampled from the model's recruitment estimates for the period 1987-96. This re-sampling 
ends in 1996 because there is insufficient information in the data for 1997 onwards to give 
reliable estimates of recruitment strength. For this reason, in projections the recruitment for 
1997-99 is also randomly re-sampled from the 1987-96 estimates. 

The projected catch is split between seasons based on the split in the catch observed in the last 
year, 1998. The biomass at maximum sustainable yield (B,,, ) is calculated for each 8 by 
maximising the yield from a population in equilibrium with a fixed exploitation rate of SLB 
fishing. A search procedure is used to find the fishing rate that maximises deterministic 
equilibrium yield. NSLB fishing is not simulated. In this simulation, as in the projection, the 
exploitation rate is applied between seasons based on the ratio of exploitation rates that the 

model predicts in the last year (1999). B,,, is also expressed in terms of B'"'"' at the 
beginning of the A FV season. 


