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EXECUTIVE SUMMARY 

Kendrick, T. H. & Andrew, N. L. 2000: Catch and effort statistics and a summary of standardised 
CPUE indices for paua (Ha1ioti.s irh) in PAU SA, 5B, and 5D. 
New Zealand Fisheries Assessment Report 2000/47.25 p. 

The fishery in the southernmost paua QMA (PAU 5) was divided into three new QMAYs to address 
concerns that the fishery management unit was too large. The boundaries of these areas were arbitrary and 
the statistical areas previously used to report catch and effort do not fall neatly within the new boundaries. 
A time series of catch and effort data exists for the PAU 5 stock, and also for each statistical area. 'This 
study employs some random allocation of observations to collate the time series of catch and effort data for 
the three new QMA's. A multiple regression technique is applied to account for any systematic variation in 
CPUE attributable to season, site, vessel, or experience of the fisher, and CPUE indices of stock abundance 
are developed for each of the three new sub-stocks. CPUE indices are one of three data series used as inputs 
in the current stock assessment model. The other two are fishery independent diver surveys and length 
frequencies. 

In each of the new QMA's CPUE has (generally) steadily declined since 1983. Given the tendency for paua 
CPUE to be hyperstable due to the aggregating behaviour of paua and the ability of fishers to move among 
areas to maximise catch rates, any observable decline in catch rates is of particular concern. 



1 INTRODUCTION 

The 1999 paua stock assessment required a series of historical catch and catch per unit effort (CPUE) data 
for each of three new QMA's. These have been updated for the 2000 assessment and both are presented 
here. There are seveial sources of uncertainty in the collation of statistics for these new QMA's due to 
boundary changes. The old PAU 5 Quota Management Area (QMA) included the entire southern stock of 
paua from the Waitaki River mouth on the east coast of the South Island, south around to Awarua Point on 
the west coast (Figure 1). In October 1995, the Ministry of Fisheries divided PAU 5 into three new QMA's, 
PAU 5A, PAU 5B, and PAU 5D. The TACC was divided equally among them. This allocation was 
arbitrary and may have had the effect of redistributing fisher effort, particularly into PAU 5D, but the extent 
to which this happened is not known. From November 1997, catch and effort have been recorded by finer 
scale reporting areas (17 new statistical areas in 5A, 16 in 5B, and 11 in 5D) that are defined within the new 
QMA boundaries (Figure 2). 

The only source of historical data is from the daily catch and effort reported on Catch, Effort & Landing 
Returns (CELRs) at the spatial scale of statistical area. Unfortunately, the statistical areas previously used 
to report catch and effort do not fall neatly within the new QMA boundaries (Figure 1, Table 1). Where 
these data could not be clearly assigned to the new QMA's, assumptions were made about their allocation. 
The new statistical areas defined within PAU 5A, 5B, and 5D have not been in use long enough to provide 
a useful time series. CELRs are not subjected to the same level of validation as the QMRs, and generally 
provide an underestimate of the total removals. Where catch must be estimated from these data ( c$, 
CPUE) it must be scaled up to the QMR total landings. 
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Figure 1: Map showing the new QMA's effective from 1 October 1995, and the old statistical area boundaries 
(dashed lines) of PAU 5. 
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Figure 2: Map showing the location of statistical areas within PAU 5, effective from 1 November 1997. 

2.1 The data 
Catch and effort data are available from two databases managed by the Ministry of Fisheries; the FSU 
database (1979 to 1989) and the CELR database (1989 to present). The transition year, 1989-90, includes 
data from both databases, but even so it may be incomplete. Data pre 1983 are not useable for calculating 
CPUE. Data were extracted on 21 September 1998 for the 1998 assessment, and an update which included 
the fishing years 1996-97 to 1998-99 was obtained on 7 February 2000 for the 2000 assessment. The 
extract is considered to be complete for the 1998-99 fishing year. 

Table 1: Summary of the spatial and temporal resolution of catch and effort data available for PAUS 

"Old" QMA 'Wew" QMA' s "Old" stat. areas 'Wewnstat. areas 
(1979) - Sept. 95 Oct. 95 - present - Oct. 97 Nov. 97 - present 

PAU 5 

PAU 5A 

PAU 5B 027 B6-BlO 
028 n/a 
029 B5 

025 (part of) B l l  -B15 
030 (part of) B4-B16 

PAU 5D 024 D7 - Dl0 
026 D4 - D6 

025 @art of) D2 - D3 
030 (part of) Dl 



2.2 FSU (1979-89) 

Early FSU data exist, but could not be accessed in enough detail. Pre-1983 data are available only in 
summarised form (M. Struzak, MFish, pers. comm.), and it is not possible to separate records of catch that 
included a measure of effort from those that did not. Therefore, records before 1983 were not included in 
this analysis. There was also a problem with the Diver-hours recorded in this database; extracts yielded 
values many times the possible value for daily records (10 times the likely value) so Diver-hours, as a 
measure of effort, is not available for the years before the introduction of the QMS. A unique vessel 
identifier was provided if the vessel was still fishing after 1989 under the QMS, but otherwise was non- 
unique and given as #NA. 

2.3 QMS (1989-98) 

Data were extracted from the CELR database by Target species and Statistical area. Two extracts were 
made; Estimated weight and Eflort - statistical area from the top part of the CELR, and actual Landings 
and Fishstock (from the bottom part of the CELR). These extracts were combined by page number to obtain 
the new QMA (from Fishstock) where that was recorded after October 1995. However, in a large 
proportion of records, fishers had continued to use only the code PAU 5 . 

Estimated weight was used in preference to Landed weight for calculation of CPUE because paua fishers 
are able to estimate weight of their catch reasonably precisely, and because it is reported on a daily scale for 
every statistical area visited. Landed weight might include several days of effort or catches from several 
different statistical areas. The landings records were used only for their information on Fishstock. 

2.4 Range and error checking 

Records with information missing from the fields of interest were automatically excluded from the 
analyses. These included records with no Vessel identifier (41 records) and no Number of crew (321). When 
the Fishstock and Statistical area were contradictory, the QMA was identified by Statistical area. 29 
records were deleted because the Target species had been wrongly recorded as PAU (eg., the species 
caught was bluenose). Many errors were evident in the code used to record Method, but only nine records 
were deleted as a result of investigating these. Number of crew greater than nine was considered to be an 
out of range error (eight records deleted), and likewise any Estimated weight greater than 3600 kg per day 
(one record deleted). Diver-hours included a high proportion of errors and was not used. 

Diver-hours are recorded against each day's diving, and should record total person-hours spent in the water. 
However, the number of hours recorded by some vessels with large crews and catches consistently equalled 
only 1-2 hours per diver per day. This is not likely and suggests that the hours recorded are  boat'^ hours 
for the day, rather than total diver-hours. The scale of this recording error can be seen in Figure 3. Each 
point is the average value for an entire year's fishing by one vessel. Vessels recording five or fewer fishing 
days in the year are not included. The bi-modality evident in Figure 3 demonstrates the two ways in which 
dive hours have been recorded, and the seriousness of the problem, involving perhaps half of the vessels 
and many of the more successful vessels. For this reason, and also because Diver-hours are not available 
from the FSU database, catch per diver-hour was abandoned as a measure of CPUE. 

Diver-days is an alternative measure of effort that can be inferred from Number of crew. Though it may 
seem a coarser measure, this unit of effort (one diver-day), incorporating as it does all searching and 
travelling time, may be a better measure of total effort than Diver-hours which may be targeted on 
aggregations. It is also possible that, to some extent, Diver-hours records only "successful" effort with 



other dives being considered by fishers to be "exploratory" and not counting as real fishing time. There 
were no zero catches among the extracted records. 

0 I 2 3 4 5 6 7 
Mean number of divers 

Figure 3: A common error in recording hours of effort was to record the hours that the boat fished for the day, 
rather than the total diver-hours. Each point plotted is the average for an entire year's fishing by one vessel 
(vessels recording less than 6 days fishing in a year were excluded). The diver-hours per day (y-axis) is 
calculated from Diver-hours 1 Number of divers. 

2.7 Catch and effort by (old) statistical area 

After introduction of the QMS, fishers continued to record statistical area on the top part of CELRs, and the 
old statistical area can also be derived from the new statistical areas where they have been recorded 
since1997. There exists, therefore, a time series of daily effort and estimated catch for each of the nine (old) 
statistical areas in PAU 5, from 1983-84 to the present. Fishing year totals are shown in Figure 4. 

3 QMA CATCH HISTORIES 

Catch histories for PAU 5B and PAU 5D were developed for input into the stock assessment models. For 
this purpose, the fishery was divided into three time periods: pre 1984, 1984-95, and post 1995. Actual 
landings from the new QMAYs post 1995 is available from QMRYs. Earlier catch histories for the new 
QMA's must be built up from the FSU and CELR records of estimated catch at the spatial scale of 
statistical area. Estimated catch from these sources is not a complete or accurate record of removals from 
the area, and must be scaled up to the landings from PAU 5. This was done by calculating for every year 
the catch estimated to have come from the new QMA as a proportion of the catch estimated to have come 
from PAU 5, and applying that proportion to the overall landings from PAU 5 in that year. 

To determine how much of the catch reported from areas 025 and 030 to include in the estimates of catch 
from each of the new QMA's, CELR's after November 1995 were examined. The observed proportions in 
1996-97 and 1997-98 fishing years (where the new QMA was correctly recorded) are given below for each 
QMA. 



Figure 4: Estimated catch (columns) and effort (lines) by fishing year (1984 = 1983-84, etc.) for the old 
statistical areas, arranged to suggest their geographical placement with Fiordland on the left, Stewart Island in 
the middle and OtagoICatlins on the right (a very small part of area 030 is in PAU 5D). 
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Figure 4: (cont.) 

3.1 PAU 5B (Stewart island) catch history 

The observed proportions of catch from areas 025 and 030 that came out of PAU 5B in 1996-97 and 1997- 
98 fishing years (where the new QMA was correctly recorded) averaged 67% and 33% respectively. With 
no information available about previous years, those proportions were also assumed back to 1984. In 1983- 
84 the estimated catch from statistical areas 027 and 029, plus 67% of that fiom area 025, and 33% fiom 
area 030, equaled 52% of the total estimated catch from PAU 5, and 52% of the landings from PAU 5 in 
1984 was 287 t. 

Before 1984 there is no catch information at the spatial scale of statistical area, but there is a record of total 
landings from PAU 5 back to 1974 (Schiel & Breen 1991). For those years, the percentage of the PAU 5 



catch assumed to have come from Stewart Island was calculated as a constant 52%. This then, constitutes 
the base case for the 1999 assessment and was subsequently used for sensitivity testing of the 2000 
assessment model. 

1999 Base case assessment (2000 sensitivity) 
1974-83 52% of PAU 5 landings 
1984-95 included 67% of catch from area 025 and 32% from area 030 
1996-99 as recorded on QMRs 

Two catch series for PAU 5B were recommended by the Shellfish Working Group and used for sensitivity 
testing of the assessment model in 1999. The second of these series was subsequently adopted as the base 
case in the 2000 assessment. 

1999 Sensitivity Series 1 (not used in 2000) 
1974-83 52% of PAU 5 landings 
1984-95 Assumed constant 48% of PAU 5 landings (Elvy et al. 1997) 
1996-99 as recorded on QMR7s 

1999 Sensitivity Series 2 (2000 Base case) 
1974-83 52% of PAU 5 landings 
1984-95 75% of areas 025 and 030 
1996-99 as recorded on QMR's 

In each case, the catches for 1974-83 and for 1995-96 to 1997-98 were the same as for the 1999 base case. 
The three alternative catch trajectories are compared in Figure 5 and are given in Appendix 1, Table Al .  

- base case 
- - - - - -  series1 
- series 2 

Fishing year 

Figure 5: Three alternative catch trajectories used in the 1999 PAU 5B assessment. The 2000 assessment used 
"series 2" as its base case and tested sensitivity of the model to catch with the 1999 base case catch series. 

The 1999 base case is likely to underestimate the contribution from areas 025 and 030 to the Stewart Island 
catch. It is based on observations subsequent to the TACC split, and does not assume any shift over time in 
the relative distribution of fisher effort among Fiordland, Stewart Island, and Otago/Catlins regions. 
However, it is generally believed that one of the effects of the TACC subdivision was to shift effort fiom 



Stewart Island to the South Island. There is evidence that that was the trend even before the subdivision. 
Series 2 (the 2000 base case) assumes that Stewart Island was historically the focus of effort and that the 
subdivision of the TACC in 1995 radically redistributed fisher effort out of the region. 

3.2 PAU 5D (Southland I Otago) catch history 

The observed proportions of catch from areas 025 and 030 that came out of PAU 5D in the 1996-97 and 
1997-98 fishing years averaged 33% and 7% respectively. With no other information available, that 
proportion of the PAU 5 landings was also assumed for every year back to 1984. 

Even with the proportional contributions from areas 25 and 30 held constant over those years, the 
percentage of the PAU 5 catch assumed to have come from PAU 5D increased steadily (over the period 
1983-84 to 1994-95) from 25% to 41%. For the years 1974 to 1983, the percentage was assumed constant 
at the 1984 level of 25%. The resultant landings for PAU 5D are shown in Figure 6 and given in Appendix 
1, Table A2. 
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Figure 6: Annual assumed catch (t) from PAU 5D. 

4 RAWCPUE 

In order to generate time series of CPUE for the new QMA's, individual CELR records were identified on 
the basis of statistical area. For many of the records, the new QMA can be inferred from the statistical area, 
either old or new (see Table 1). The old statistical areas 025 and 030, which straddle two and three of the 
new QMA's respectively, unfortunately accounted for most of the catch from PAU 5 (Figure 7). The raw 
CPUE for each of these areas show distinct downward trends (Figure 8), and the data need to be allocated 
carefully to ensure that they do not overshadow the information from the other, known, component areas. 

Unidentified data from statistical areas 025 and 030 were allocated to the new QMAYs by random sampling 
(without replacement) in proportion to their known contribution to catch in 1996-97 and 1997-98 when the 
new QMA's were recorded correctly on the CELRs (See Section 3). 
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Figure 7:'Total estimated catch (kg) from PAU 5 assigned on basis of statistical area to new QMA's. The 
c'unknown" catch is from old statistical areas 025 and 030 and is not able to'be identified by QMA. 

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 
Fishing year 

Figure 8: Raw CPUE calculated on records from old statistical areas 025 and 030 where the new QMA is 
unknown. 

These proportions probably do not accurately represent the historical patterns as the TACC subdivision in 
October 1995 is likely to have changed fisher behaviour. Nevertheless, with no other information available, 
they were the basis on which historical catch and effort records from statistical areas 025 and 030 were 
allocated to the new QMA's. 



4.1 PAU 5A (Fiordland) raw CPUE 

The assumed data set for PAU 5A includes all records known to have come from PAU 5A (Figure 9), i.e., 
from statistical areas 03 1 and 032, those records from area 030 where fishstock was given as PAU SA, and 
also 6 1% of the unallocated records from area 030 (Figure 10). 

T- 7 )  

1983 1985 1987 1989 1991 1993 1995 1997 1999 
Fishing year 

Figure 9: CPUE by statistical area (known to come from PAU 5A). 

1983 1985 1987 1989 1991 1993 1995 1997 1999 
Fishing year 

Figure 10: CPUE from data known to come from PAU 5A (points), and the assumed CPUE that includes 61% 
of unallocated records from area 030 (line). 



4.2 Raw CPUE for PAU 5B (Stewart Island) 

The assumed data set for PAU 5B includes all records known to have come from PAU 5B (Figure 1 I), as 
well as 67% of the unallocated records from area 025 and 33% of the unallocated records from area 030  
(Figure 12). 
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Figure 11: CPUE by statistical area (known to come from PAU 5B). 
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Figure 12: CPUE from data known to come from PAU 5B (points), and the assumed CPUE that includes 
randomly sampled observations from statistical areas 025 and 030 (line). 



4.3 PAU 5D (OtagolCatlins) raw CPUE 

The assumed data set includes all records known to have come from PAU 5D (Figure 13) as well as 33% of 
the unallocated records from area 025 and 7% of the unallocated records from area 030 (Figure 14). 

1983 1985 1987 1989 1991 1993 1995 1997 1999 
Fishing year 

Figure 13: CPUE by statistical area (known to come from PAU 5D). 

1983 1985 1987 1989 1991 1993 1995 1997 1999 
Fishing year 

Figure 14: CPUE from data known to come from PAU 5D (points), and the assumed CPUE that includes 
randomly sampled observations from statistical areas 025 and 030 (line). 



5 THEMODEL 

The time series of catch rates presented above were standardised using a multiple regression technique. Log 
transformed CPUE was modelled using a generalised linear model and a stepwise selection procedure as 
described by Vignaux (1993). Variables were included until less than 1% improvement was seen in the 
model R ~ .  

The explanatory variables offered for selection into the model were: 

Year Fishing year, the variable of interest. 

Month To account for seasonal variation. 

Statistical area Old statistical area, derived from the new statistical area where necessary. 

Number ofcrew This was included as a possible indicator of commitment to the fishery. It also helps 
account for the competitiveness of divers when part of a large team, and the increased 
ability of larger vessels to reach remote areas more often. CPUE already incorporates 
much of the information content of this variable, as it is calculated from it. 

Vessel rank Included as a measure of experience. Vessels were ranked by their total catch history. 
This meant that a high rank could indicate a) a long fishing history, b) a shorter history 
of very intense effort, c) a larger vessel supporting a lot of divers. All might be 
considered indicators of experience. 

Sum catch Offered as an alternative to Vessel rank 

In the 2000 analysis Vessel ID was offered as a categorical variable in place of Number of crew and Vessel 
rank. This simplified the model while still allowing it to account for differences among vessels. 

No weather parameter or vessel descriptors have been offered as explanatory variables. Year, Month, Area, 
and Number of crew were modelled as categorical. Vessel rank and Sum catch were continuous variables. 

Interactions between Vessel and Month were investigated. In all cases they were significantly important and 
yielded improved R ~ S .  However, the pattern of the indices was either unchanged or, in the case of PAU 5A, 
more erratic and the pattern of residuals not improved at all. The data are highly unbalanced with regard to 
vessel and month and for these reasons the interactions were not included. The base year for the relative 
indices is 1998-99 which is the year with the lowest variance of daily log(CPUE). 

6 RESULTS 

6.1 Standardised CPUE for PAU 5A (Fiordland) 

The total number of observations standardised in this analysis was 2525 and involved a total of 204 vessels. 
There were inadequate data for the 1999-2000 fishing year to be included. A summary of the number of 
observations (vessel-days) available to the analysis after grooming is given in Table 2. 

The order in which variables were selected into the model of CPUE and their effect on the model R~ are 
shown and compared with the 1999 analysis in Table 3.  The raw and standardised CPUE used for the 1999 
assessment are given in Appendix1 , Table A3. 

Vessel is the most important of the explanatory variables. This is notably different from the previous year 
when other descriptors were used to account for differences among vessels and Fishing year was the most 
important variable. Month and Fishing year are also important. The model is able to explain 32% of the 



variation in CPUE. The improvement in R~ is partly a function of the larger dataset used in 2000 and cannot 
be used to compare goodness-of-fits between assessments. 

Table 2: Summary of the data available for analysis of CPUE for PAU 5A 

Fishing year Number of vessels Estimated catch (t) Days fished (vessel-days) 
1983-84 18 59 130 
1984-85 43 164 270 
1985-86 18 87 118 
1986-87 14 28 49 
1987-88 13 32 54 
1988-89 26 35 91 
1989-90 42 9 1 187 
1990-9 1 46 108 212 
199 1-92 38 82 157 
1992-93 40 72 155 
1993-94 3 6 73 153 
1994-95 42 72 166 
1995-96 35 80 162 
1996-97 3 0 69 139 
1997-98 24 151 27 1 
1998-99 7 160 222 

Table 3: The order in which variables were selected into the models of CPUE for PAU 5A and the effect on the 
model R' (final model R' in bold) for the 2000 analysis and for the previous analysis 

Variable Model R~ Variable Model R~ 
Vessel 0.2993 Fishing year 0.0698 
Month 0.3 144 Rank 0.0956 
Fishing year 0.3234 Number of divers 0.1 138 

Month 0.1326 
Statistical area 0.1437 

The year effects relative to 1998-99 are given here and shown in Figure 15. They show a steady decline 
since 1985-86 with a slight increase in the last two years. Diagnostic plots of the residuals from the fit are 
shown in Figure 16. 
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Figure 15: Standardised CPUE index (thick line) and raw CPUE (thin line) for PAU 5A (Fiordland). 
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Figure 16: Diagnostic plots of residuals for the model fit to CPUE from PAU 5A (Fiordland). 

6.2 . Standardised CPUE for PAU 5B (Stewart Island) 

The total number of observations standardised in this analysis was 6,466 involving a total 266 vessels. 
There were inadequate data for the 1999-2000 fishing year to be included. A summary of the number of 
observations (vessel-days) available to the analysis after grooming is given in Table 4. 

The order in which variables were selected into the model of CPUE and their effect on the model R~ are 
shown and compared with the 1999 analysis in Table 5. The raw and standardised CPUE used for the 1999 
assessment are given in Appendix 1, Table A3. 



Table 4: Summary of the data available for analysis of CPUE for PAU 5B 

Fishing year Number of vessels Estimated catch (t) Days fished (vessel-days) 

Vessel is the most important of the explanatory variables. This is notably different from the previous year 
when other descriptors were used to account for differences among vessels and Fishing year was the most 
important variable. Statistical area and Fishing year are also important. The model is able to explain 38% 
of the variation in CPUE. The improvement in model R~ is partly a function of the larger dataset used in 
2000 and cannot be used to compare goodness-of-fits between assessments. 

Table 5: The order in which variables were selected into the models of CPUE for PAU 5B (Stewart Island) and 
their effect on the model R~ for the 2000 analysis and for the previous analysis 

2000 1999 
Variable Model R~ Variable Model R~ 
Vessel 0.33824 Fishing year 0.13787 
Statistical area 0.36018 Rank 0.16992 
Fishing year 0.38099 Statistical area 0.19346 

Number of divers 0.2 1842 

The year effects relative to 1998-99 are given here and are shown in Figure 17. They show a steady decline 
since 1983-84 with the exceptions of a peak in 1986 and a plateau over the last four years. The decline is 
somewhat steeper than in the series used in the 1999 assessment (Appendix Table A3). Diagnostic plots of 
the residuals from the fit are given in Figure 18. 
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Figure 17: Standardised CPUE index (thick line) and raw CPUE (thin line) for PAU 5B (Stewart Island). 
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Figure 18: Diagnostic plots of residuals from the model fit to CPUE for PAU 5B (Stewart Island). 

6.3 Standardised CPUE for PAU 5D (Otago ICatlins) 

The total number of observations standardised in this analysis was 6,149 involving a total 253 vessels. 
There were inadequate data for the 1999-2000 fishing year to be included. A summary of the number of 
observations (vessel-days) available to the analysis after grooming is given in Table 6. 

The order in which variables were selected into the model of CPUE and their effect on the model R~ are 
shown and compared with the 1999 analysis in Table 7. The raw and standardised CPUE used for the 1999 
assessment are given in Appendix 1, Table A3. 



Table 6: Summary of the data available for analysis of CPUE for PAU 5D 

Fishing year Number of vessels Estimated catch Days fished (vessel days 
1984 3 9 1 1  1 519 

Vessel is the most important of the explanatory variables. This is notably different from the previous year 
when other descriptors were used to account for differences among vessels and Fishing year was the most 
important variable. It demonstrates the improvement gained from simplifying the model. Fishing year and 
Month are also important. Statistical area was not significant. The model is able to explain 35% of the 
variation in CPUE. The improvement in R~ is partly a function of the larger dataset used in 2000 and cannot 
be used to compare goodness-of-fits between assessments. 

Table 7: The order in which variables were selected into the models of CPUE for PAU 5D (Fiordland) and their 
effect on the model R' for the 2000 analysis and for the previous analysis 

Variable Model R2 Variable Model R2 
Vessel 0.3 1789 Fishing year 0.06473 
Fishing year 0.33734 Statistical area 0.10845 
Month 0.35199 Rank 0.13586 

The year effects relative to 1998-99 are given here and are shown in Figure 19. They show a steep decline 
between 1986-87 and 1988-89 and a slower but steady decline subsequent. They suggest a more typical 
historical pattern than the indices used in the 1999 assessment. Diagnostic plots of the residuals from the fit 
are shown in Figure 20. 
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Figure 19: Standardised CPUE index (thick line) and the raw CPUE (thin line) for PAU 5D (OtagoICatlins). 
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Figure 20: Diagnostic plots of residuals for the model fit to CPUE from PAU 5D (Otago). 

7 DISCUSSION 

The catch recorded on CELR's represents fishers' estimate of the total commercial catch and is not subject 
to the non-reporting of bycatch from which many finfish species suffer. Recreational and customary catch 
is relatively small, thus these data should adequately sample the population. However the records before 
1989 do not appear to be complete, so possibly the FSU and QMS data series should not be considered 
comparable. Areal variability also remains a problem with TACC changes in 1995, almost certainly 
redistributing fisher effort among QMA's. The extent to which this happened is unknown. 

Changes in management zone boundaries have meant that many records are allocated to QMA randomly 
according to rather coarse assumptions. However, the trends in the indices are not sensitive to the inclusion 
of those data (Breen et al. 2000a). The new QMA's and statistical areas are now being recorded on CELR's 



by almost all divers and random allocation of observations to QMA should be unnecessary for subsequent 
data updates. 

CPUE is generally considered to be a poor index of stock abundance for paua, exhibiting hyperstability as 
divers are able to target their effort on aggregated patches and to serially deplete stocks. Very strong 
hyperstable relationships provide little information on the status of a stock, but, a steady decline is evident 
in these indices suggesting a more proportional relationship. The unit of fishing effort used here (a diver- 
day) incorporating, as it does, all searching and travelling time, may be a better measure of total effort than 
diver hours which are targeted on aggregations. Dunn et al. (2000) attempted to estimate the nature of the 
relationship between CPUE and model estimates of biomass for PAU 5B and found there was little 
information but no evidence of hyperstability. If the relationship is one of hyperstability, then an observed 
decline in catch rate is of particular concern 

A simpler model than previously selected using vessel ID as a categorical descriptor has yielded somewhat 
different indices from the previous CPUE standardisation. They suggest steeper overall decreases for PAU 
5A and PAU 5B and a more typical historical pattern for PAU 5D. 

The diagnostic plots of residuals show poor model fits, with inadequate ability of the chosen variables to 
correct for changes in catchability. Interaction terms were investigated, but were not informative, probably 
due to the unbalanced nature of the data set. Changes in fleet structure and location of fishing are likely to 
be confounded with year effects and future work should consider complementary analysis of sub-groups of 
vessels selected for their consistent behaviour. 

8 MANAGEMENT IMPLICATIONS 

Raw CPUE trajectories for PAU 5 and for each of the new QMA's all show declines in average catch rate 
since 1986-87. The relationship between CPUE and biomass in paua fisheries is generally assumed to be 
poor, with experienced divers able initially to maintain catch rates from a declining population. In view of 
this tendency to be hyperstable, the decline seen in all CPUE indices from PAU 5 suggest these stocks have 
declined. There is uncertainty about the allocation of historical catch and effort records to the new QMA's, 
but, the raw CPUE trajectories were not. changed markedly by the addition of randomly allocated records, 
nor by the standardisation procedure. Furthermore, the results of stock assessments for PAU 5B proved to 
be robust to the alternative catch trajectories, and also to the exclusion of the CPUE indices of abundance 
(Breen et al. 2000a, 2000b). 
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11 APPENDIX 1 

Table Al: Annual landings (kg) from PAU 5B under three alternative sets of assumptions 

Fishing Base case 1999 Series 1 1999 Series 2 
Year 2000 sensitivity 2000 Base case 
1974 110 588 110 588 110 588 
1975 104 614 104 614 104 614 
1976 83 257 83 257 83 257 
1977 115 128 115 128 115 128 
1978 173 399 173 399 173 399 
1979 181 979 181 979 181 979 
1980 225 212 225 212 225 212 
1981 272 657 272 657 272 657 
1982 180 211 180 21 1 180 21 1 
1983 230 350' 230 350 230 350 
1984 287 058 264 000 356 898 
1985 178 981 169 440 190 884 
1986 112 206 109 440 147 746 
1987 199 915 201 072 263 080 
1988 214 989 223 200 305 902 
1989 191 494 205 426 285 099 
1990 198 741 220 541 268 166 
1991 220 590 253 517 272 344 
1992 196 049 233 645 255 918 
1993 170 720 211 272 211 137 
1994 164 253 211 387 222 900 
1995 156 168 209 342 222 593 
1996 143 660 143 660 143 660 
1997 142 357 142 357 142357 . 

1998 145 337 145 337 145 337 
1999 148 255 148 255 148 255 



Table A2: Annual landings (kg) from PAU 5D 

Fishing year Catch (kg) 
1974 53 168 
1975 50 295 
1976 40 028 
1977 55 350 
1978 83 365 
1979 87 490 
1980 108 275 
1981 131 085 
1982 86 640 
1983 110 745 
1984 143 508 
1985 96 043 
1986 64 577 
1987 123 319 
1988 142 077 
1989 135 537 
1990 150 635 
1991 179 050 
1992 170 445 
1993 159 034 
1994 164 033 
1995 167 312 
1996 146 600 
1997 146 598 
1998 148 720 
1999 148 700 

Table A3: Standardised CPUE indices and raw CPUE used in the 1999 assessment for fishstocks PAU 5A PAU 
5B and PAU 5D 

PAU 5A PAU 5B PAU 5D 
Fishing Std CPUE kg Per Std CPUE kg Per Std CPUE kg per - 

Year indices diver-day indices diver-day indices diver-day 
1984 1.435 269.7 1.898 276.3 1.328 179.2 


