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EXECUTIVE SUMMARY 

A unique suite of management measures was imposed on the CRA3 fishery for the fishing 
years 1993-94 through 1995-96. Data are available from just over two years of fishing 
under the 'CRA3 package'. We present some indicators from the recent fishery: catch 
and effort data, catch sampling abundance and size data, commercial fishery data, and 
assessment results. 

The first two fishing years and early part of the third year of the CRA3 package were 
good. A high percentage of the quota was taken in the winter fishery in each year; an 
expected result of the package. The apparent abundance of legal males, reflected in all 
data sources, has increased substantially since 1992. The abundance of legal males in the 
adjoining CRA4 does not show a similar increase. The abundance of sublegal males also 
increased. Several alternative explanations for this are available, some related to and some 
independent of the CRA3 package. The data do not allow these explanations, not 
necessarily exclusive, to be distinguished. 

A simple model is described and fitted to commercial CPUE data from 1989. Forward 
projections from the model indicate that rebuilding of the recruited biomass is likely to 
occur at the present level of catch, and with 25 % or 33 % increases in commercial catch, 
even if recruitment should decrease by 25% for three years. The model suggests that 
retaining the concession winter size of 52 mm is beneficial at this stage. 

INTRODUCTION 

This report examines the recent fishery in quota area CRA3, the Gisborne area. 

Management measures in Gisborne 

In 1993 a suite of management measures was introduced to the Gisborne fishery (see. 
Anon 1993). These resulted from concerns expressed by the industry and were based on 
proposals developed by a group comprising the fishers, processors, local Maori, and 
recreational representatives. The group's proposals were presented to and discussed by 
the National Rock Lobster Management Group (NRLMG) in late 1992 and early 1993, 
evaluated by MAF Fisheries Marine Research and discussed with the Minister of 
Fisheries. 

The suite of measures (hereinafter called the "CRA3 package") eventually accepted by the 
Minister in May 1993 comprised the following. 
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1) A substantial reduction in the CRA3 TACC, from about 330 t to 164 t (Annala 1994). 
(This was actually implemented prior to the remaining measures.) 



2) A reduction in the minimum legal size for males, from the 54 mm tail width (TW) in 
effect throughout the rest of the country except for Otago, to 52 mm TW for commercial 
fishers only. This reduced MLS applies to June, July and August only. 

3) A reduction of the commercial season length. The season was previously unrestricted; 
under this measure it was opened for commercial fishers in only the months April, June, 
July, August, February and March (the fishing year :runs from April to March). 

Measures 2 and 3 were designed to move the fishery into one based on a winter season, 
when the price was higher than during the rest of the year. Measure 3 was also an 
attempt to reduce poaching by restricting the length of time that gear was in the water. 
This could be effective where thieves remove lobsters from commercial gear. It was also 
possible that these measures could reduce Octopus predation and sublegal handling 
mortality. 

4) A closure for non-commercial fishers from the beginning of September through the end 
of November. 

5) A prohibition on landing females in the commercial winter season (June, July and 
August), applicable to the commercial fishery only. 

It was agreed that this suite of measures would remain in place for three years; for the 
fishing years 1993-94, 1994-95 and 1995-96, and then be evaluated. 

It was also agreed that the industry would fund "a full-time technician" to collect data on 
the fishery. The industry chose to contract MAF Fisheries Marine Research to conduct 
catch sampling at sea to fulfil this obligation. 

The industry agreed to phase in 54 rnrn welded steel mesh in all commercial pots by 
1997. 

Scope of this report 

In this report, we look at several indicators of abundance and average size of the lobsters 
available in the CRA3 fishery. We use these to determine whether the available stock in 
CRA3 increased after the package was introduced. We also examine some comparable 
data from the adjoining area to the south, CRA4. 

The indicators examined are catch and effort patterns, the abundance of lobsters in MAF's 
catch sampling, catch rates reported in commercial fishery statistics, and the sizes of 
males observed in catch sampling. 

As always when dealing with recent extractions from the fishery databases, some of these r 

data are preliminary and may be subject to revision as new data are included and data 
grooming is carried out. 

We then fit a simple model to the fishery data for October 1989 through May 1995, and 
use this model to make forward simulations to assess the impact of management 



alternatives. The most likely management alternatives to consider are: a 25 % or 33 % 
increase in TACC, and a change from the present 52 mm winter MLS back to an MLS of 
54 mm for males. The CRA3 users have expressed a preference for a 33% increase in 
TACC with no change to winter MLS; all other elements of the package to remain. 

DATA 

Catch sampling 

The Stock Monitoring Group catch sampling data include sampling conducted since 1989, 
both as a MAF project and under contract from the CRA3 fishers. These data contain 
information on the number in every pot and size and sex composition of lobsters in a 
subsample of the total catch. 

Table 1 shows the dates and statistical areas of all catch sampling conducted in CRA3 to 
date, both the Stock Monitoring sampling and the sampling conducted under contract from 
CRA3. The table shows the numbers of pots lifted, fish counted and fish measured. 
CRA3 comprises 3 statistical areas: 909, 910 and 911 from north to south (Figure 1). 
Before 1993, catch sampling was confined to November, restricted to areas 909 and 910, 
and comprised 3-5 days' sampling per year. 

In 1993, 1994 and 1995, sampling was more evenly distributed over the three statistical 
areas, although 910 remains the most intensively sampled area. Sampling was 
concentrated in June, July and August (the new winter fishery) and November (to 
compare with previous years). Numbers of days sampled were increased substantially in 
1993. 

Catch and Effort Landing Returns system 

The CELR database provides an estimated average biomass of legal sized fish per potlift 
for every day for every fisher. We collapse the data from this form into records for each 
fisher for each month (Breen et al. 1994), and remove suspect records at that time as 
described by Booth et a1 (1994). 

Table 2 gives a summary of the CELR data for 1989-95: for each statistical area, it shows 
the month, number of pot-lifts recorded, estimated' weight of legal-sized fish caught, and 
the raw catch per unit effort (CPUE; catch weight divided by the number of pot-lifts to 
give kglpot-lift)2. 

This is not straightforward: see Booth et al. (1994) for details of the 
procedure. 

For the major assessments recently, and for the 'decision rule' procedure, 
'standardised' CPUE has been used: this involves a multiple linear regression 
model and includes the effects of statistical area, month and year on CPUE (see 
Breen et al. 1994). Standardised and 'raw' CPUEs do not differ very much. 



Predicted vs observed catch and effort 

The pattern of effort and catches predicted by MAF :Fisheries Marine Research (Breen, 
unpub. report to the Minister of Fisheries, 1993) and reported to the Minister are shown 
in Figure 2. The actual patterns are shown in Figure 3. 

The 1993 report predicted that most of the effort would be channelled into the winter 
fishery, and that remaining quota would be cleaned up in February & March. It predicted 
that winter catches would increase and summer catches decrease after 1993 (Figure 2). 
These predictions were realised (Figure 3), but the effort required to take the winter catch 
dropped from 1993 to 1994, and more of the quota was taken in winter 1994 than was 
predicted. 

In other words, catch and effort patterns shifted further than predicted but changed in the 
directions predicted. 

ABUNDANCE ESTIMATES 

Catch sampling 

Estimates of abundance made from catch sampling are shown in Table 3 for each of three 
statistical areas separately. 

November is the only month with a time series of catch sampling data covering the 
periods before and after the C M 3  package was introduced. Figure 4 shows the 
abundance of legal males seen in catch sampling in November, in all three statistical areas 
combined. The abundance index is the number of legal males per pot-lift, where legal 
males is defined as those equal to or greater than 52.0 rnrn TW. This definition was 
applied to the period before the C M 3  package for comparison with the C M 3  package 
period. 

Abundance estimates were calculated as follows. The proportion of legal males in the 
total catch was estimated from the subsample of fish measured in each day's fishing. This 
proportion was multiplied by the mean number of fish per pot, based on counts of the fish 
in every pot during the day's fishing. Sublegal males and females were estimated in the 
same way. The monthly average was weighted by the number of pots observed each day. 

A bootstrap analysis of the variability in the component parts of this procedure (Breen & 
Kendrick, unpublished data) indicated that bootstrapping from the daily estimates of legal 
males per pot-lift, calculated as just described, estimated the variance satisfactorily. In 
the time available, and given the clear trends in the data, bootstrap estimates of 
confidence limits have not been made. 

The data should really be viewed separately by statistical area. Figures 5 to 7 show male 
abundance (number per pot-lift) for areas 909 to 911 respectively. In each Figure, parts a 
and b show the abundance of legal and sublegal males respectively. Thus Figure 5a is 
legal males in area 909, Figure 6b is sublegal males in area 910, etc. 



In each figure the individual points are the estimate from one day's sampling, and the 
lines connect averages for a month by area block of data (averages are weighted by the 
number of pots sampled). Sampling has not been uniform over time (Table 1). 

These was an apparent increase in legal male abundance in 1994 and 1995 in all three 
areas. During the short winter season, there was also a clearly defined decrease in legal 
male abundance from June to August in 1993 and 1994. This is best seen in area 910, 
the area with the highest sampling density, but can also be seen in area 91 1 in 1994. This 
decline is part of the fishing process, and is not by itself a cause of concern. The decline 
between June and July 1995 in area 910 may have been caused by poor fishing conditions 
in July. 

There was an apparent increase in sublegal males in area 909 in 1994. The time series is 
too short for area 91 1, and for area 910 a small increase in sublegal abundance is 
accompanied by a large increase in the variance. 

Figures 8 and 9 shows results from catch sampling in CRA4, areas 912 and 913 
respectively. We examined CRA4 to see whether the increase in legal males observed in 
CRA3 also occurred in CRA4. A similar increase in CRA4 might indicate a general 
increase in recruitment over a wide area; or perhaps alternatively that migration from 
CRA3 to CRA4 might be important. Figures 8 and 9 show no similar increase in legal or 
sublegal male abundance in CRA4. 

Figure 10 shows another comparison between the predictions from the 1993 model 
(Breen, unpub. report to the Minister of Fisheries, 1993) and what was observed in 1993 
and 1994. The figure shows relative abundances (numbers of model fish in the 
predictions, kg\potlift in the observations. The observed data are not continuous because 
catch sampling was concentrated in the winter fishery plus November. 

There are several points to note. The steep declines in abundance predicted during the 
winter fishery were observed and were more dramatic than predicted. The November 
abundance, which was predicted to increase slowly after the package was introduced, 
increased much more quickly than predicted. The abundance of sublegals increased; this 
was not predicted by the model. 

CELR data 

The raw CPUE (total catch divided by total effort, Table 2), can be used an abundance 
index. Because fishers report only the weight of fish landed, there is no separation of 
males and females (but the winter fishery is male-only), and sublegal abundance cannot be 
estimated. 

Figure 11 a-c shows the CPUE for each of the three statistical areas in CRA3, and Figure 
1 ld shows the three areas combined (all of CRA3). The 1994 increase in male 
abundance, clearly seen in catch sampling (Figures 5-7) is also seen in the commercial 
CPUE data as reported to the CELR system. CPUE shows a generally rising trend from 
mid-1993, especially in areas 910 and 911. 



Note that some catches and effort have been assigned to months in which the fishery was 
closed. Such problems are typical of the CELR database. 

Size frequency distribution 

Figure 12 shows a comparison between 1993 and 1994 of size distributions of all male 
fish from the combined CRA3 samples measured in the months June through August (the 
winter fishery). It compares the number of fish, in 0.5 mm increments of tail width, per 
100 pot-lifts in which fish were measured. Note the decrease in number of fish per pot 
from June through August in both years, as seen above. In both years the length 
frequency develops a steep shoulder at 52 mm, at the MLS. Note also the increasing 
numbers of larger fish between the years 1993 and 1995, indicating more escapement 
recently than the pre-package fishery. 

Figure 13 compares June and July samples in the three years 1993 through 1995 (august 
1995 is not available at this stage). Note the increase in larger fish in 1995 compared 
with 1993. 

Figure 14 shows the size distribution (and relative abundance) of males in November of 
each year, 1989 through 1994. Abundance was much higher in 1993 and 1994 than in 
previous years. 

SAMPLING DESIGN 

We examined the relation between sample size and precision of the abundance estimates, 
particularly the legal male abundance estimates. Figure 15 shows the relation between 
number of days sampled per unit (a unit is a month x area group of samples) and the 
precision of the abundance estimate. This is based on area 910, using two sets of real 
data as the basis for bootstrapping. A good level of precision (CV less than 10%) can be 
achieved with 4 days' sampling, at least for this area. This should be viewed as a 
minimum requirement. 

November sampling should be continued in areas 909 & 910 to continue the existing time 
series. In at least one area, preferably 910, sampling should be conducted in each of the 
three months of the winter season. This gives a minimum of 20 days' sampling to cover 
area 910. The minimum additional work required is 4 days' sampling in June in each of 
the other two areas, or 28 days' sampling at a minimum. Additional sampling is desirable 
in the two areas in late July or early August. 

YIELD- & EGG-PER-RECRUIT ANALYSIS 

Recent assessments have examined the yield- and egg-per-recruit situation in the Gisborne 
fishery (Breen & Anderson 1993; Breen & Kendrick 1994; 1995). These analyses use 
information on growth, natural mortality, maturity and fecundity to explore the potential 
yield to the fishery and egg production of a recruit entering the fishery. The analysis can 
be used to explore the impacts of altering the MLS or of changing the intensity of fishing. 
From the analysis, 'reference points' can be calculated. The reference points used by 



Breen & Kendrick (1995) were F-, the fishing mortality rate that maxirnises yield-per- 
recruit, and F,,,, the rate that would result in 25% of the virgin egg production. 

Breen & Kendrick (1995) used different stock-recruit relationships in estimating YPR and 
EPR to see the effect of relaxing the usual assumption of constant recruitment. We 
compared the equilibrium yields, biomass and egg production under the reference fishing 
rates with those under the estimated current fishing rate FcUrre, . The current fishing 
mortality rate was estimated from lobster tail width distributions from the time series of 
catch sampling data. Results are as follows for three values of 'steepness' in the stock- 
recruit relation. A steepness of 1.0 is equivalent to assuming constant recruitment. 

The current fishing rate estimates were very high, and for this analysis they were actually 
truncated at 1.5, corresponding to an annual removal rate of 78 % . By contrast, estimated 
F,, is only 0.25, corresponding with an annual removal rate of 22 %. This suggests that 
recent removal rates are much higher than optimal, and that biomass is much lower than 
the optimum biomass (only 4% of Bo vs 21 % of Bo at optimum). Yields are also reduced 
as a consequence: the analysis suggests that 30% more yield would available by reducing 
Fcurrenr to Fmar . 

However, the analysis does not suggest that there is 'recruitment' overfishing: estimated 
egg production is a high percentage of virgin egg production (except at low steepness, but 
low steepness is considered highly unlikely). 

The estimate of Fcurr,, may be higher than the actual recent mortality rates. The 
assumptions of the method are that mortality rates are constant (whereas the recent rate 
has decreased because of the reduced TACC) and that recruitment has been constant 
(whereas recruitment probably increased in the past year at least). 

MODELLING 

Modelling was required to assess the likely impacts of changes to the suite of management 
measures. The approach taken was to build a simple size-class structured model, fit the 
parameters to existing CPUE data, then to make forward simulations from the model in 
different scenarios. 

Data 

Catch, effort, and raw CPUE from the CELR were collated from CRA3 for each month 
from October 1989 (8910) through May 1995 (9505) (Table 2). For months that were 



actually closed to commercial fishing under the CRA3 package, some landings and effort 
were reported to the CELR. These were corrected by setting both catch and effort to 
zero, and defining CPUE as zero. 

Description of the model 

As in the modelling conducted in 1993 to assess the CRA3 package (Breen 1993, 
unpublished report to the Minister of Fisheries), the model assumed an all-male fishery. 
The fishery before the CRA3 package was a mixed male and female fishery but was 
predominated by males. Very few females are taken in the present fishery. 

The model considered lobsters in three size classes: .those less than 52.00 mm tail width 
(indexed as SSL), those 54.00 mm or above (indexed as L), and those in between 
(indexed as SL). The model assumed that all moulting in these sizes occurs once per year 
in October, so recruitment was modelled in October. 

Initial numbers (at t = 8910) in the model for each size class were given by: 

where Ro is a constant annual recruitment to the single cohort beneath 54 mm tail width. 
In October of each model month, this cohort was updated from equations (1) and (2). The 
initial number of legal-sized males was a parameter: 

For months other than October, the numbers of small lobsters changed according to 

where M is the instantaneous annual rate of natural mortality (assumed to be 0. I), F, is 
instantaneous fishing mortality for month t (see below), and h is a constant that 
determines what proportion of F, the associated mortality on sublegal fish will be. 
Associated mortality includes deaths caused by poor handling, predation by Octopus, and 
illegal removals from pots. 

For months other than October, the numbers of fully recruited lobsters changed according 
to 

In October each year, numbers of these large lobsters changed according to 



For months other than October and before month 9306, the numbers of lobsters in the 
middle size group changed according to the same equation as (8): 

In the winter fishery in June, July and August of 1993 through 1995, the numbers 
changed according to the same equation as (9): 

Available biomass (kg) was calculated each month as 

where 502 g is the approximate mean weight of legal lobsters in the fishery. In the 
winter fishery in 1993 and 1994, where lobsters of the middle size class were also taken, 

The fishing mortality rate was then estimated from catch and available biomass. The 
monthly exploitation rate, ERate,, was calculated as 

(14) ERate, = catch, / Bavai1,, 

then 

(15) F, = -ln(l - ERate, ) - MI12 

A catchability, q,, was estimated for each month: 

and then a single catchability for the whole period was estimated as the simple mean of all 
q,, excluding months in which there was no catch. 

Model CPUE, CPUE,,, , was calculated from 

Parameter estimation 

The model was fit by minimising the sum of squared CPUE and ERate residuals, 
excluding months in which there was no fishing. The predicted exploitation rates in the 
winter fishery (the sum of catches in June, July and August divided by the beginning of 
June biomass) for 1993 and 1994 were estimated from the model. It was assumed that the 
true ERate,, was 0.55, and the squared residual was calculated for ERate,,, in these two 
years and used in the fitting procedure. 



The procedure minimised the sum T of squared residuals: 

+ wtl C (ERate,, - 0.55)* 

where wtl determines the relative weight of the ERate,,, residuals - this was set to 10. 
Minimising was done on an EXCEL" spreadsheet with the non-linear solver, changing the 
three parameters No, R,, and h after finding appropriate starting values. IF statements 
were required to prevent values from taking on error values when the model biomass 
crashed in estimation and to prevent positive contributions to the function value in months 
with no fishing effort. 

The model found the best fit at high values of h (0.75, when the upper bound on h was 
set there). Figures 16 and 17 show the parameter estimates and model fit when h was 
fixed at 0.0 and 0.4. 

The fit to the real data was good for all years when h = 0.4, but the fit to recent data 
was not good when h = 0.0. As h is known to be greater than zero, subsequent forward 
simulations were made by assuming h = 0.4. 

Forward simulations 

Forward simulations were made by assuming values for catch in future months. The 
catch for 1995-96 was assumed to be the same as, and distributed over months in the 
same way as, the 1994-95 catch. Catches for 1996-97 and 1997-98 were assumed to be 
distributed over months in the same way as the 1994-95 catch, and were assumed to be 
1.00, 1.25, 1.33 or 1.50 times as large as the 1994-95 catch. 

Effort was calculated for each month from 

and all other calculations proceeded as described above. The MLS could be set at 52 mm 
or 54 mm in the winter fishery. IF statements were used to calculate the appropriate 
available biomass from equation (13a) or (13b), and numbers of lobsters in the middle 
size group from equation (11) or (12), depending on the MLS chosen. Annual recruitment 
in the three months of recruitment - October 1995, 1996 and 1997 - could be set at 1.00, 
0.75 or 0.50 times R,. This allowed the effects of reduced recruitment to be considered. 

Indicators recorded from forward simulations were the effort required to take the catch in 
the three fishing years 1995-96, 1996-97 and 1997-98, and the biomass at the end of each 
fishing year. 

Results of forward simulations 

Table 4 shows the impacts of each catch level for the two values of winter fishery MLS at 
each of three levels of recruitment. In most simulations, biomass continued to increase. 



The exceptions were all those in which recruitment was only 0.50 R, and the catch was 
greater than the present catch. 

In simulations where the catch remained at the present level, effort decreased. In 
simulations where the catch was increased, and where the biomass increased, required 
effort often increased to facilitate the new catch and then decreased again as biomass 
rebuilt. 

In all simulated situations over the period simulated, effort was less and biomass was 
higher when the MLS remained at 52 mm in the winter fishery. This came about because 
increased MLS causes a reduction in BavaiI,, in the winter fishery, requiring more effort to 
take the same catch, because the catch must come entirely from the lobsters at or above 
54 rnrn in the winter fishery, and because increased effort caused increased waste from 
associated mortality. 

The option about to be suggested by the CRA3 users' group is highlighted in Table 4 and 
forward projections of biomass are shown in Figure 18. The option is likely to allow 
biomass to increase unless recruitment falls to half R,. 

DISCUSSION 

Abundance 

In the various data presented above there is a pattern of increased abundance of legal- 
sized males in the CRA3 fishery. This is seen in the number per pot estimated from 
catch sampling (eg . Figure 5, Figure l4), and in the CELR data (eg . Figure 1 1). 

The increased abundance is not seen in CRA4 catch sampling (Figures 8 & 9). However, 
standardised CPUE increased significantly in the combined CRA4 & CRA5 fisheries 
between 1993 and 1994 (Breen & Kendrick, unpub. data)' as well as in the NSC 
substock. It is possible that CRA4 sampling, at relatively low frequency, is 
unrepresentative, or that abundance increased only in CRA5. 

As well as increased legal male abundance, there appears to be increased sublegal male 
abundance in 1993 and 1994 (Figure 5b, Figure 14). This could have been caused by 
random or environmentally-caused fluctuation or by a reduction of sublegal mortality (in 
turn related to reduced poaching, reduced handling, or reduced Octopus predation). In 
other words, the increased recruitment may or may not have been brought about entirely 
by the CRA3 package. The absence of similar increase in CRA4 would point to the 
CRA3 package, but standardised CPUE clearly increased in 1994 in the NSN and NSC 
substocks (see Breen et al. 1994). 

This was examined because the standardised CPUE for the NSC substock 
increased, and we explored the possibility that the increase was localised to 
CRA3. 



YPR and EPR 

Recent stock assessment (Breen & Kendrick 1994; 1995) has relied heavily on YPR and 
EPR estimates. For CRA3, recent assessments have suggested high fishing intensity, 
growth overfishing but not egg overfishing. Z estimates are now difficult to obtain from 
length frequencies, given that the assumption of equilibrium is violated by the increasing 
biomass. Z estimates from CPUE changes are likely biased because of changes in 
catchability . 

Forward simulations 

The model used is a very simple one. Potential problems include: the assumption of a 
male-only fishery (a good assumption now, but flawed for the early years); no non- 
commercial catch except as part of the associated mortality and related to F,; no growth in 
the fully-recruited size class (reasonable in the early years, but flawed for recent years in 
which the abundance of larger fish is increasing); moulting restricted to October; the 
limited number of fish below 52 mm incorporated in the model (probably more cohorts 
are subject to associated mortality than are modelled here). 

Despite these potential problems, the model appears to fit the real data quite well. 
Improvement to address the problems just listed would be best approached through fitting 
a full age-structured model; this is outside the scope of the present project, especially 
considering that CRA3 is not a stock, but only part of a substock. 

The forward simulations suggest that increasing biomass will likely continue unless 
recruitment falls to half the present level for the next three years. This seems an unlikely 
possibility, but there is no time series of recruitment estimates. Puerulus settlement 
results (Booth & Forman 1995) from under the Gisborne wharf demonstrate considerable 
variability. However, the relation between this index and actual recruitment is still 
unknown. 

These simulations present a generally optimistic outlook. The option favoured by the 
combined CRA3 users' group seems to be a safe course of action. At recruitment levels 
above 50% R, biomass should continue to increase, at 50% R, levels biomass would fall 
slightly. Continued monitoring is essential for annual evaluation of the fishery. 

The need for better understanding of movements and catchability, and the need for 
exploration of ways to estimate pre-season biomass, is illustrated by these results. 
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Table 1. Summary of catch sampling conducted in CRA3, both by MAF and 
under contract for CRA3, since 1989. 

Stat Sample Pots Fish Fish 
Month area numbers seen seen measured 

Nov 89 

Nov 90 

Nov 91 

Nov 92 

Jun 93 

July 93 

Aug 93 



Table 1 continued 

Nov 93 910 
9 10 
910 
910 
910 
910 
911 
911 
911 

Feb 94 910 
910 
910 
910 
910 
911 
911 
911 
911 
911 
911 
911 
909 
909 
909 

July 94 910 
9 10 
9 10 
910 
910 
910 
910 
910 
911 
911 
911 
911 
911 
911 
911 



Table 1 concluded. 

Stat 
Month area 

Aug 94 910 
910 
910 
910 
910 
910 

Sample 
numbers 
. - - - - - - - - - 

84294 
84394 
84494 
84594 
84694 
84794 

Pots Fish Fish 
seen seen measured 

Nov 94 910 85294 6 0 1468 1153 
910 85394 100 1732 1563 
910 85494 100 2245 1816 
910 85594 100 2692 2238 
910 85794 100 2505 1718 
910 85694 100 2874 2073 

Feb 95 911 80195 
911 80295 
911 80495 
911 80595 
911 80695 
911 80795 
911 80395 
910 80895 
910 80995 

Jun 95 909 81895 120 1150 1011 
909 81995 120 1819 1106 
909 82095 120 2085 1439 
909 82195 120 1928 1389 

J u ~  95 909 81795 119 2098 1371 
909 82895 119 1342 1122 



Table 2. A summary of effort, catch and CPUE data from the CELR system, 1989-95. Estimated weights 
are in kg, CPUE is in kg/potlift. 

- - - - - - -  
Year 

Month 
- - - - - - -  

89 8 
89 9 
89 10 
89 11 
89 12 

90 1 
90 2 
90 3 
90 4 
90 5 
90 6 
90 7 
90 8 
90 9 
90 10 
90 11 
90 12 

91 1 
91 2 
91 3 
91 4 
91 5 
91 6 
91 7 
91 8 
91 9 
91 10 
91 11 
91 12 



Year 
Month 



T a b l e  2 concluded. 

AREA 9 0 9  AREA 9 1 0  AREA 9 1 1  ALL CRA3 
- - - - - - -  - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - -  
Y e a r  P o t  E s t  Raw P o t  E s t  Raw P o t  E s t  Raw P o t  E s t  Raw 

Month l i f t s  w t  CPUE l i f t s  w t  CPUE l i f t s  w t  CPUE l i f t s  w t  CPUE 



Table 3 .  A summary of abundance indices from catch sampling in CRA3. 

legal males sublegal 
Stat days males >=54mm males females 

Month area sampled per pot per pot per pot per pot 

Nov 89 909 2  1 . 6 7  0 .58  1 . 2 8  0 . 7 8  
910 1 2.22 0 . 3 1  3 . 5 9  1 . 0 0  

Nov 90 909 1 0 .68  0 .23  1 . 2 3  1 . 4 2  
910 3  4 . 7 9  0.82 7 .56  6 . 5 5  

Nov 9 1  9  0  9  2  1 . 4 6  0 .57  1 . 9 0  2 .37  
910 3  5 .54  0 .89  7 .98  6 . 7 4  

Nov 92 909 3  0 .67  0 . 4 1  0 .45  0 . 8 9  
910 2  2 . 7 9  0 .37  6 .56  4 . 9 5  

Jun 93 910 4  3 .18  0 .44  7 . 5 4  1 .18  

Jul 93 910 8  1 . 7 2  0 .26  7 . 9 9  1 . 7 2  

Aug 93 9  0  9  2  0 . 9 5  0 .35  4 . 6 9  1 . 0 1  
910 7  0 .69  0 .22  2 . 7 9  0 . 9 4  
9 1 1  9  0 . 7 9  0 .39  0 .84  0 .77  

Nov 93 9  1 0  6  5 .96  1 . 5 3  9 .64  5 . 2 1  
9 1 1  3  0 .75  0 .39  0 .26  0 . 6 9  

Feb 94 909 3  4 . 2 4  1 . 2 6  5 .30  0 .85  
910 5  4 . 6 7  1 . 6 5  4 . 6 9  2 . 6 6  
9 1 1  7  2 . 6 7  1 . 8 7  0 .54  1 . 2 9  

Jun 94 910 8  3 . 7 5  0 .85  8 .50  1.11 
9  11 4  2 . 3 9  1 . 5 2  0 .56  0 .53  

Jul 94 910 8  2 . 0 4  0 .38  5 . 7 3  0 .86  
9 1 1  7  1 . 6 6  1 . 0 7  1 . 1 0  1 . 0 2  

Aug 94 909 3  2 . 9 3  1 . 2 0  5 . 1 1  0 .38  
9  1 0  6  0 .90  0 . 2 9  4 . 4 6  1 . 0 6  

Nov 94 910 6  8 . 6 1  2 .45  11 .62  3 . 9 1  

Feb 95 910 2  5.87 2 . 5 4  4 . 0 9  0 . 4 9  
9 1 1  7  3 .46  2 .28  0 .96  3 . 3 1  

Jun 95 909 4  7 . 9 9  3 .76  6 . 2 5  0 . 3 1  
910 4  7 .72  3 .15  9 . 3 9  0 .53  
9  11 4  3 . 0 0  1 . 9 8  0 .95  1 . 0 4  
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Figure 1: Map of the CRA3 management area showing the three statistical areas used in the 
CELR system and in this report. The area to the north of statistical area 909 is in 
CRA2, and the area to the south of statistical area 91 1 is in CRA4. 
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Figure 2: Predicted effort and catch for CRA3, October 1992 through March 1995 (from 
Breen, unpub. report to the Minister of Fisheries, 1993). Heavier lines are catch, 
lighter lines with square points are effort. 
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Figure 3: Catch and effort from CRA3, October 1992 through March 1995, from the QMS 
and CELR systems. Heavier lines are catch, lighter lines with square points are effort. 
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Figure 4: Male abundance indices (number per pot-lift) estimated from catch sampling as 
described in the text, area 909. a) legal males (i.e. equal to or greater than 52.0 rnm 
TW); b) sublegal males (i.e. less than 52 .0  rnm). 
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Figure 5 :  Male abundance indices (number per pot-lift) estimated from catch sampling as 
described in the text, area 910. a) legal males (i.e. equal to or greater than 52.0 rnrn 
TW) b) sublegal males (i.e. less than 52.0 rnrn). 
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Figure 6: Male abundance indices (number per pot-lift) estimated from catch sampling as 
described in the text, area 91 1. a) legal males (i.e. equal to or greater than 52.0 mm 
TW) b) sublegal males (i.e. less than 52.0 rnm). 
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Figure 7: Male abundance indices (number per pot-lift) estimated from catch sampling as 
described in the text for area 912 in CRA4. a) legal males (i.e. equal to or greater than 
52.0 rnrn TW) b) sublegal males (i.e. less than 52.0 rnrn). 
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Figure 8: Male abundance indices (number per pot-lift) estimated from catch sampling as 
described in the text for area 913 in CRA4. a) legal males (i.e. equal to or greater than 
52.0 rnrn TW) b) sublegal males (i.e. less than 52.0 rnm). 
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Figure 9: Background: the predicted abundance of legal and sublegal lobsters (Breen, unpub. 
report to the Minister of Fisheries, 1993). Bars: the abundance of legal and sublegal 
lobsters observed in catch sampling in area 910 during the winter and November 
months during the same period. The vertical scale of the bars is kg per potlift; the 
scale of predicted values is in model fish and has been adjusted arbitrarily. 
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Figure 10: CPUE (kglpot-lift) from the CELR system, 1989-94. a) statistical area 909, b) 
statistical area 910, c) statistical area 911, d) all three areas combined (CRA3). 
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12: Size distributions of all male fish in 
November samples, 1989 through 1994. Plotted 
are the numbers of lobsters, in each 0.5 rnm 
increment of tail width, per 100 pot-lifts in 
which fish were measured. 
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Figure 14: The fit of CPUE from the model described in the text (filled squares) to CPUE 
data from the CELR system (open squares), October 1989 through May 1995. The fit 
here is with the associated mortality coefficient, h,  set to 0.0. 

Year 

Figure 15: The fit of CPUE from the model described in the text (filled squares) to CPUE 
data from the CELR system (open squares), October 1989 through May 1995. The fit 
here is with the associated mortality coefficient, h,  set to 0.4. 



Figure 16: Forward projections of model biomass (filled squares) through March 1998, made 
with annual recruitment set at 75 % R,. The three figures from top bottom, show the 
catch set at loo%, 125 % and 133 % of present catches respectively. 


