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PAUA (PAU 5D) – Southland / Otago 
 

(Haliotis iris) 
Paua 

 

 
 

1. FISHERY SUMMARY 
 
1.1 Commercial fishery 
PAU 5 was introduced into the Quota Management System in 1986–87 with a TACC of 445 t, which 
increased to 492 t by 1992 as a result of Quota appeals.  Concerns about the status of the PAU 5 fishery 
led to a voluntary 10% reduction in the TACC in 1992–93. For 1995–96, PAU 5 was divided into three 
sub-stocks (see the figure above: PAU 5A, Fiordland, PAU 5B, Stewart Island, and PAU 5D, Otago). 
 The TACC was divided equally among the new stocks; the quota for PAU 5D was set at 147.66 t.  It 
is widely considered that this led to a large redistribution of catch from Stewart Island to Fiordland and 
the Catlins/Otago coast (Elvey et al. 1997). The exact increase in catch in the new PAU 5D caused by 
subdivision cannot be determined with certainty because several Statistical Areas used to report catch 
and effort straddled 5B and 5D (Figure above, Kendrick & Andrew 2000).  Commercial landings used in 
the assessment are shown in Table 1.  In this report, the fishing year is referred to using the second 
part, viz 2002–03 is termed “2003”. 
 
Table 1: TACC and reported landings (t) of paua in PAU 5D from 1995–96 to 2008–09. Data were estimated from 

CELR and QMR returns. 
 

Year Landings TACC 
1995–96 167.42 148.98 
1996–97 146.6 148.98 
1997–98 146.99 148.98 
1998–99 148.78 148.98 
1999–00 147.66 148.98 
2000–01 149.00 148.98 
2001–02 148.74 148.98 
2002–03 111.69 114.00 
2003–04 88.02 89.00 
2004–05 88.82 89.00 
2005–06 88.93 89.00 
2006–07 88.97 89.00 
2007–08 88.98 89.00 
2008–09 88.77 89.00 

 
In recent years the commercial paua fishery has implemented a number of voluntary management 
actions in most QMAs.  Agreement to these actions has been formalised within each QMA through 
the development of an Annual Operational Plan (AOP) that is agreed to and signed by all Quota and 
ACE holders within the fishery.  The plan explains the voluntary management actions that will be 
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undertaken for the fishing year.  The main actions of the AOP for PAU 5D for the 2009-10 fishing 
year are outlined below.   
 
Total Allowable commercial catch (TACC) 89,000 kilos 

 North of Moeraki 
Boulders to Pau3 

boundary 

Warrington Beach 
North to Moeraki 

Boulders 

Warrington Beach South to 
Pau5A boundary 

Statistical Area H44 to H47 H38 to H43 H37 to H1 
Minimum harvest size 125mm 127mm 130mm 
Data Collection – CATCH SAMPLING Each fishing operation is asked to collect a minimum of 2 samples (“red bag” 

sample kits will be supplied) during the course of their fishing year. 
Data Collection – DATA LOGGERS In the 2009/2010 year a select number of divers from each QMA will be asked to 

participate in the data logger project using the 2nd generation loggers. This will 
lead to an expanded programme in the future. 

General Operating Procedures Details of procedures are available in the AOP 
 
1.2 Recreational fisheries 
The two National Marine Recreational Fishing Surveys estimated that 120,000 and 191,000 paua were 
taken by recreational fishers from PAU 5D in 1999-2000 and 2000-2001.  An earlier survey in 1996 
provided a recreational harvest for whole of PAU 5 and no estimate was available for PAU 5D.  At an 
average weight of 357 g, these numbers equate to a recreational harvest of 42.8 t in 1999–00 and 68.2 t 
in 2000-01. The Marine Recreational Fisheries Technical Working Group considered that some harvest 
estimates from these two national surveys for some fish stocks were unbelievably high.  The Shellfish 
Fisheries Working Group (SFWG) considered estimates from the national recreational surveys 
conducted in 1996 and 1999-2001.  The SFWG considered that the estimates were unbelievably high, 
and agreed to assume that for the purpose of the stock assessment model that the 1974 recreational catch 
was 2 t, increasing linearly to 10 t in 2005. 
 
On the catch and effort forms used since 2002, fishers can report paua they land as part of a recreational 
catch entitlement (destination code “F”).  The sum of such catches for 2002 through the partial data for 
2006 was only 173 kg for PAU 5D.  
 
1.3 Customary non-commercial fisheries 
There is an important customary use of paua by Maori for food, and the shells have been used 
extensively for decorations and fishing devices. Records of customary catch taken under the authority of 
customary fishing permits show that 0.7 t–1.3 t were taken annually between 1998–99 and 2004–05.  For 
the purpose of the stock assessment model, the SFWG agreed to assume that the customary catch has 
been constant at 2 t for PAU 5D. 
 
1.4 Illegal catch 
Illegal catch was estimated by the Ministry of Fisheries (MFish) to be 20 t. No historical estimates are 
available so these estimates were used for the whole period modelled.  For the purpose of the stock 
assessment model, the SFWG agreed to assume that illegal catches have been constant at 10 t for PAU 
5D. 
 
1.5 Other sources of mortality 
Refer to the Paua introduction Working Group Report 
 
2. BIOLOGY 
 
Refer to the Paua introduction Working Group Report. 
 
 A summary of biological parameters used in the PAU 5D assessment is presented in Table 2.   
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Table 2:  Estimates of biological parameters (H. iris). 
 
Fishstock Estimate Source 
1. Natural mortality (M)   
 0.114 (0.095–0.140) Median (5–95% range) of posterior estimated by the model (run 053) 
  
2. Weight = a(length)b (Weight in g, length in mm shell length).   
  All  
  a b  
  2.99 x 10 -5 3.303 Schiel & Breen (1991) 
  
3. Size at maturity (shell length)  
  50% maturity at 80 mm (78–81) Median (5–95% range) of posterior estimated by the model 
  95% maturity at 93mm (89–98) Median (5–95% range) of posterior estimated by the model 
    
4. Estimated annual increments  (both sexes combined)  

at 75 mm at 120 mm Median (5–95% range) of posteriors estimated by the model 
19.6 (18.8–20.8) 8.2 (7.9–8.7)  

 
 
3. STOCKS AND AREAS 
 
PAU 5D was created in 1995 when PAU 5 was divided into three sub-areas, each with a TACC of 
147.66 t. From 1 November 1997, catch in PAU 5D was reported in 11 statistical areas, and on 1 
October 2001 it became mandatory to report catch and effort from 47 fine-scale reporting areas 
developed by the New Zealand Paua Management Company for their voluntary logbook and 
subsequently adopted on MFish CELRs.  The present fishstock boundaries may not represent a single 
discrete paua stock. 
 
 
4. STOCK ASSESSMENT 
 
4.1 Estimates of fishery parameters and abundance 
CPUE is available from two series of data: the CELR through 2001 and the subsequent PCELR series 
from 2002.  The first series has coarse area and effort information: three statistical areas and diver day; 
the second series has 47 small reporting areas and effort in diver hours, and the divers are identified in 
the second series.  The second series can be treated as a separate series by using an extra parameter for 
catchability; this was done in 2005 for PAU 7.  For the 2006 PAU 5D assessment, after exploration of 
the CPUE data and discussion with the SFWG, it was agreed to standardise CPUE as a single series. 
 
CPUE in PAU 5D declined for the first 15 years after the introduction of the QMS, but appears relatively 
stable since the creation of PAU 5D (Table 3).  Because the uncertainty associated with early CPUE was 
very large, and the differences between raw and standardised CPUE were large for early years, only the 
indices for 1989 and later were used in the assessment. 
 
In some circumstances commercial CPUE may not be proportional to abundance because it is possible to 
maintain catch rates of paua despite a declining biomass. This occurs because paua tend to aggregate and 
divers move among areas to maximise their catch rates. Apparent stability in CPUE should therefore be 
interpreted with caution. 
 
The relative abundance of paua in PAU 5D has also been estimated from research surveys (Andrew et 
al. 2000a, 2000b, 2002) (Table 4). This is called the research diver survey index (RDSI).  Relative 
abundance increased between 1994 and 1997, decreased strongly to 1999 and increased again to 2004.  
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Table 3:  Unstandardised and standardised catch per unit effort (CPUE) in PAU 5D (kg per diver-day). 
 
Year Unstandardised CPUE Standardised CPUE
1983–84 108.9 141.2
1984–85 74.5 107.5
1985–86 167.1 128.8
1986–87 103.8 110.3
1987–88 150.3 275.6
1988–89 171.5 166.5
1989–90 162.3 153.4
1990–91 161.5 149.9
1991–92 141.1 138.9
1992–93 160.6 160.2
1993–94 153.9 147.3
1994–95 147.5 136.7
1995–96 134.7 127.0
1996–97 128.1 120.3
1997–98 114.7 101.2
1998–99 160.7 145.0
1999–00 135.0 128.2
2000–01 129.9 118.2
2001–02 122.1 119.9
2002–03 113.5 112.7
2003–04 116.6 107.6
2004–05 135.4 118.4
 
Table 4:  Raw and standardised research diver survey indices (kg/diver-day) and 95% confidence limits (1.96 

standard errors) for sites surveyed in PAU 5D. – indicates no data collected. 
 
 Standardised
Year Raw 2.5% mean 97.5%
1993–94 107.7 79.4 129.3 210.6
1994–95 – – – –
1995–96 – – – –
1996–97 142.5 84.7 178.6 376.8
1997–98 – – – –
1998–99 68.9 35.6 56.2 88.5
1999–00 – – – –
2000–01 67.5 44.2 70.0 110.7
2001–02 – – – –
2002–03 – – – –
2003–04 113.2 57.0 89.1 139.3

 
4.2 Assessment model for PAU 5D 
The model used for the 2006 assessment of PAU 5D was the same model used for the 2005 
assessment of PAU 7 (Breen & Kim 2005). The model was published by Breen et al. (2003).  In this 
assessment (Breen & Kim 2007), experimental fits were made with the previous model used to assess 
PAU 5D (Breen et al. 2003) using the new data, and using the old data set with the new model.  These 
showed that changes in data, and new data, accounted for most of the changes in results. 
 
4.2.1 Model structure 
The model generates a population and simulates its dynamics through 32 years of fishing, growth, 
natural mortality and recruitment. The model’s mid-season recruited biomass is fitted to the observed 
CPUE indices, and an index of numbers above 90 mm shell length is fitted to the analogous observed 
index from research diver surveys. The model’s mid-season population length structure is fitted to 
observed length distributions from commercial catch sampling and research diver surveys. Outputs 
are the present and projected states of the stock. The assessment is based on the marginal posterior 
distributions of the parameters and derived parameters of interest. Males and females are not modelled 
separately. 
 
Growth is modelled as a stochastic transition matrix calculated from the estimated growth parameters, 
which include parameters for variation in growth. A contribution to the total likelihood function 
comes from comparison of observed and expected increments in the tag-recapture data.  Research 
diver and commercial fishery selectivity-at-size are modelled with two estimated parameters for each. 
 Maturity-at-size is estimated with two parameters. 
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Recruitment is modelled as an estimated baseline value with estimated annual deviations. These have 
an assumed mean and standard deviation; this and other assumptions make the model Bayesian. No 
stock–recruit relationship is estimated and projections are made by re-sampling recruitment from the 
recent past.   
 
The model was fitted to six data sets from PAU 5D: standardised CPUE, standardised research diver 
survey index (RDSI), length frequencies from catch sampling and population surveys (CSLF and 
RDLF), tag–recapture data and maturity data. The model estimates a common error term and each 
dataset can be given a relative weight that does not affect the model’s overall uncertainty. Iterative re-
weighting is used to obtain standard deviations of standardised residuals equal to unity for each 
dataset.  
 
The model is driven by catch: exploitation rate is calculated from observed catch and model biomass. 
A point estimate of the mode of the joint posterior distribution (MPD) serves as the starting point for 
the Bayesian estimations and as the basis for some sensitivity tests.  MCMC simulations are used to 
estimate the marginal posterior distributions of model parameters, indicators and state of the stock.  
Indicators are based on current and projected states of the stock, and comparisons with a reference 
period, for both spawning and recruited biomass. 
 
Sensitivity trials involved one of the five runs comprising the assessment, removing each of the six 
data sets in turn, using an alternative growth model and exploration of other modelling choices. 
Retrospective analyses were based on MPD estimates.   
 
4.2.3 Data used in the assessment 
Catch rate and catch history are presented in Kendrick & Andrew (2000).  Generation of a catch 
vector for PAU 5D, before 1995, required assumptions to be made about the division of commercial 
catch from statistical areas 25 and 30 to PAU 5B.  This assessment follows the methodology from the 
previous 2005 assessment. 
 
For the assessment, the SFWG agreed to assume that 1974 recreational catch was 2 t for PAU 5D, 
increasing linearly to 10 t in 2005 and that customary and illegal catches have been constant at 2 t and 
10 t, respectively. 
 
The catch vector (sum of all these components) is shown in Figure 1. 

0

50

100

150

200

250

1970 1975 1980 1985 1990 1995 2000 2005

To
ta

l c
at

ch
 (t

)

 
Figure 1:  Assumed catch (t) used in the PAU 5D assessment in 2006.   
 
A vector of standardised CPUE (Table 3) was generated using a multiple regression model (Vignaux 
1993). The standardisation model accounted for 19% of the total variation in observed CPUE and 
deviated little from the pattern of decline in raw CPUE after 1989 (Figure 2).  The research diver 
survey index (RDSI) was standardised similarly, accounting for 11% of the variation (Figure 3). 
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Figure 2:  Raw (black line) and standardised (diamonds) CPUE (kg per diver-day), with 5% and 95% bars, for 

PAU 5D. 
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Figure 3: Raw (black line) and standardised (squares) RDSI (number per search), with 5% and 95% bars, for 

PAU 5D. 
 
Assessment model parameters and their priors and bounds for run 053 are given in Table 5. Two 
growth parameters were fixed because experience had shown that the growth model was over-
parameterised. The research diver selectivity parameters were fixed because the free parameter 
estimates were not credible.  Results were sensitive to the value at which T50 was fixed, and the 
values chosen were those estimated for PAU 7 in 2005 (Breen & Kim 2005).   
 
The length-weight relationship is given in Table 2.  It was assumed that exploitation could not exceed 
0.65; the MPD estimates did not reach this value; MCMC results rarely struck this value; projections 
sometimes struck this value.  Weights for datasets were adjusted iteratively. 
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Table 5:  Parameters estimated in the model and their prior distributions. 
 
Model parameters Definition Priors and bounds 
ln(R0)  Natural logarithm of base recruitment Uniform, bounds 5, 50 

M  Natural mortality 
Lognormal with mean 0.10, CV 0.35, bounds 
0.01, 0.50 

75g  Expected annual growth increment at 75 mm Uniform, bounds 1, 50 

120g  
Expected annual growth increment at 120 
mm Uniform, bounds 0.01, 50 

α  CV of expected growth increments Uniform, 0.001,1 

MINσ  Minimum std. dev. of growth increment Fixed to 1 in this assessment 

obsσ  
Standard deviation of observation error for 
tags Fixed to 0.25 in this assessment 

50T  
Length at which research diver selectivity is 
50% Fixed to 100 in this assessment 

95 50T −  
Distance between lengths at which research 
diver selectivity is  95% and 50% Fixed to 19 in this assessment 

50L  Length at which maturity is 50% Uniform, bounds 70, 145 

95 50L −  
Distance between lengths at which maturity 
is  95% and 50% Uniform, bounds 1, 50 

50D  
Length at which commercial diver selectivity 
is 50% Uniform, bounds 70, 145 

95 50D −  
Distance between lengths at which 
commercial selectivity is  95% and 50% Uniform, bounds 0.01, 50 

ln(
Iq ) Scalar between recruited biomass and CPUE Uniform, bounds -30, 10 

ln(
Jq ) Scalar for the RDSI Uniform, bounds -30 and 0 

tε  Vector of recruitment deviations in log space 
Normal, mean 0 
Bounds –2.3 and 2.3, CV 0.4  

σ~  
Common standard deviation of  observation 
error Uniform, 0.01, 2.0 

h  
Shape of the relation between biomass and 
CPUE 

Uniform 
bounds 0.01 and 2 

 
4.2.4 Projections 
The SFWG requested that both 3 and 5 year projections be made.  Recruitment for projections were 
obtained by randomly re-sampling the model’s estimates from 1992 through 2004.  Projected catches 
were the 2005–06 catch estimates. The minimum legal size was set in projections at either the current 
value, 125 mm, or increased to 127 mm at the request of the SFWG.   
 
4.2.5 Fishery indicators 
The assessment is based on the following indicators calculated from their posterior distributions: the 
model’s mid-season recruited and spawning biomass from 2005 (current biomass) (B05 and S05), from 
2008 and 2010 (projected biomass) (B08, B10, S08 and S10, from the nadir of the population trajectory 
(BMIN and SMIN) and from a reference period, 1989–96.  This was a period when exploitation rate and 
the recruited biomass were relatively stable.  The means of values from this period were called SAV 
and BAV for spawning and recruited biomass respectively.  We also used annual exploitation rate in 
2005, U05, and U08 and U10.  Ratios of these reference points are also used.   
 
Additional indicators were calculated as the probability that, or percentage of runs in which: 

• projected spawning biomass had decreased from 2005: P(S08<S05), P(S10<S05), 
• projected spawning biomass was less than the reference level: P(S08<SAV), P(S10<SAV) 
• projected spawning biomass was less than the nadir: P(S08<SMIN), P(S08<SMIN) 
• projected recruited biomass had decreased from 2005: P(B08<B05), P(B10<B05) 
• projected recruited biomass was less than the reference level: P(B08<BAV), P(B10<BAV) 
• projected recruited biomass was less than the nadir: P(B08<BMIN), P(B10<BMIN) 

 
4.2.6 Stock assessment results 
Research diver selectivity parameters were problematic in that the estimates were unrealistically high. 
This was addressed by fixing the parameters to the PAU 7 estimates.  After that, the procedure of 
iteratively re-weighting the data sets to obtain normalised residuals with a standard deviation near one 
worked well.   
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Five runs are shown in this report because results were sensitive to the growth model and to one data 
set in particular.  The five runs result from using all data sets with the linear growth model (run1), 
using the linear growth and excluding the research diver survey length frequency data (run2), using all 
data sets with the exponential growth model (base3), using the linear model but excluding the tagging 
data (run4), and using the linear growth model but placing extra weight on last two years of both 
abundance indices (run5). For all runs except run2 and run3, M was near the mean of its prior.  Fits 
were generally good, and the model estimated a substantial hyperstability. 
 
Sensitivities of model outputs, inputs and assumptions were explored using run1 and the MPD 
estimates.  Removal of the CPUE dataset had a small pessimistic effect, increasing the exploitation 
rate and decreasing biomass estimates. Removal of the RDSI dataset also had a somewhat pessimistic 
effect. Removal of the catch sampling length frequencies gave slightly more optimistic results. 
Removal of the research diver survey length data caused the most dramatic differences seen in these 
trials: estimated M became very large, biomass increased while exploitation rates decreased, and the 
current biomass was 30-45% larger than minimum biomass levels.   
 
When both the research diver datasets were removed, the effect was similar to the exclusion of the 
length data.  Conversely, when both commercial datasets were removed, the assessment became 
slightly more optimistic.  Removal of the tag-recapture data led to an improvement in the fit to 
commercial length data (but not to other), increased growth rates but decreased growth variability, 
and a more pessimistic assessment.   
 
These dataset trials are summarised in Table 6. The RDSI and tag-recapture datasets produce 
optimistic effects (when they are omitted the results are more pessimistic); other datasets and 
combinations produce more pessimistic results; CPUE has little effect.  The RDLF dataset is the one 
to which the model is most sensitive. 
 
Table 6: Summary of the effects of PAU 5D datasets as deduced from sensitivity trials. 
 
Dataset Removed        Direction of effect             Magnitude of effect            
CPUE nil nil 
RDSI optimistic  moderate 
CSLF pessimistic slight 
RDLF pessimistic very strong 
RDSI+RDLF pessimistic very strong 
CPUE+CSLF pessimistic slight 
Tag-recapture optimistic slight 
 
MPD retrospective analyses made from run1 suggested that bias or model mis-specification were not 
problems with this assessment. 
 
The model provided reasonably good fits to CPUE and the proportions-at-length from commercial catch 
sampling, but not as good a fit to proportions-at-length from the research diver survey, and a poor fit to 
the research diver survey index.  
 
MCMC diagnostics were generally good, and the posteriors showed few correlations among estimated 
parameters: three among the growth parameters, between ln(R0) and M, and between catchability and 
h.  Posteriors were well-formed. 
 
Assessment results are summarised in Table 7.  For simplicity, only the projections made under the 
current MLS are shown.  When the MLS was changed to 127 mm in projections (for run1 only), 
recruited biomass (calculated with MLS = 125 mm for both 2005 and 2010) and spawning biomass 
were both larger when the minimum legal size was 125. More often than not, exploitation rate hit the 
upper bound of 65% and the catch specified could not be taken.  Thus a main effect of increased 
minimum legal size for these projections was probably a de facto decrease in TACC for most runs.   
 
Two different results are seen in the five runs. Two of them (run1and run4) were pessimistic, showing 
the current state of the stock (first group of indicators), B05, just above BMIN while the other three were 
optimistic, showing the current state of the stock as well above BMIN (ranged from 128.3% to 
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159.1%). Recent recruitment patterns varied among these runs, with strong consequences: biomass 
tends to decline in two run projections but increases strongly in three of the others.   
 
In the two pessimistic runs, the model reached BMIN in 2005 in nearly half the runs while in optimistic 
run, less than 5% of runs reached BMIN in 2005.  In all runs, current stock is well below the reference 
level. Spawning biomass is similar: a majority of runs have the minimum in 2005, for pessimistic base 
cases, but for the optimistic runs, a majority of runs are above SMIN in 2005. The current level is below 
the reference level in all runs. The median of current exploitation rate is ranged from 27.5% to 45.3%. 
  
Table 7:  Summary of indicators (median and 5th and 95th quantiles) from runs MCMCs with 125 mm MLS in 

projections.  Biomass indicators are in tonnes.   
 

  Run1 
Linear 
growth  Run2 

No 
RDLF  Run3 

Exponential 
growth 

Parameter 0.05 Median 0.95 0.05 Median 0.95 0.05 Median 0.95 
2005          
SMIN 271 366 489 687 1 056 1 526 348 479 633 
SAV 768 841 922 998 1 545 2 253 782 941 1 240 
S05 271 371 508 845 1 390 2 218 395 636 1 026 
BMIN 114 162 194 187 259 365 175 232 315 
BAV 392 430 472 371 513 700 464 554 717 
B05 114 173 256 245 365 533 190 300 456 
U05 (%) 33.1 45.2 61.3 16.7 23.5 33.0 19.4 28.0 41.0 
S05/SAV (%) 32.5 44.0 59.5 69.3 90.6 117.6 45.0 66.8 97.3 
S05/SMIN (%) 100.0 100.0 110.2 106.0 131.5 168.5 100.7 132.2 186.6 
B05/BAV (%) 26.6 40.3 59.6 53.7 71.7 90.3 36.6 53.6 74.6 
B05/BMIN (%) 100.0 105.8 135.2 120.7 140.2 160.9 103.0 128.3 157.0 

 

  Run4 No Tags  Run5 
Fit to recent 

increase 
Parameter 0.05 Median 0.95 0.05 Median 0.95 
2005       
SMIN 276 374 503 509 568 632 
SAV 793 886 992 765 846 938 
S05 276 378 520 560 652 770 
BMIN 116 165 204 177 198 223 
BAV 398 449 505 392 434 480 
B05 116 172 257 278 316 359 
U05 (%) 33.0 45.3 60.5 24.6 27.5 30.5 
S05/SAV (%) 31.7 42.7 58.0 68.8 76.9 88.1 
S05/SMIN (%) 100.0 100.0 108.2 103.9 114.4 130.2 
B05/BAV (%) 25.9 38.4 56.8 65.2 72.9 81.7 
B05/BMIN (%) 100.0 102.4 131.1 148.7 159.1 170.9 

 
In five-year projections with the current level of catch and current minimum legal size (the second 
group of indicators), the median expectation is that recruited biomass will be only 74% of that in 2005 
(40% to 173%) in pessimistic run.  In the optimistic runs the expectation is for recruited biomass to 
increase over 146% (95.3% to 249.7%).  About 30% of the runs increased in recruited biomass in 
pessimistic runs and more than 90% of the runs increased in optimistic runs; almost all remained less 
than the reference level for pessimistic runs while more than 28% reached the reference level for 
optimistic runs. More than 55% of runs fell below BMIN for pessimistic runs and less than 4% fell 
below BMIN for optimistic runs.  Spawning biomass had a slight median increase (range 76% to 172% 
of 2005 levels); more than 55% of runs increased but more than 60% remained below the reference 
level. More than 24% of runs had spawning biomass falling below SMIN for pessimistic runs but less 
than 6% of runs had spawning biomass falling below SMIN for optimistic runs. 
 
Five-year biomass projections were more optimistic than 3-year projections.  All the median and 
probability indicators were more favourable, but the lower 5% and minima for many indicators tended 
to be worse, reflecting a widening of the distribution.   
 
In the most favourable combination for run1, MLS=127 with 5-year projections, the chance of 
decreased recruited biomass is almost 50%, of remaining below the reference level 98%, of falling 
below BMIN 37%.  Spawning biomass is only 12% likely to decrease and 11% likely to fall below 
SMIN, although highly likely to remain below the reference level.  However, more than half these runs 
struck the maximum exploitation rate. 
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Table 8:  Summary of projected indicators (median and 5th and 95th quantiles) from run MCMCs with 125 mm 
MLS in projections.   Biomass indicators are in tonnes.   

 

   
Linear 
growth   

No 
RDLF   

Gilbert 
growth 

Parameter 0.05 Median 0.95 0.05 Median 0.95 0.05 Median 0.95 
2010          
S10 278 426 684 893 1 423 2 233 415 738 1 225 
B10 73 146 345 330 538 855 218 463 813 
U10 (%) 25.4 49.2 65.0 11.4 17.4 26.7 11.8 19.8 36.9 
S10/S05 (%) 83.2 115.0 164.8 77.2 102.2 139.4 77.9 113.8 169.7 
S10/SAV (%) 33.2 50.7 80.6 65.5 92.4 131.9 45.4 76.6 123.2 
B10/B05 (%) 45.4 84.6 178.0 95.3 146.4 237.2 91.3 147.9 249.7 
B10/BAV (%) 16.8 33.9 81.0 65.3 104.6 170.9 40.5 81.4 143.1 
P(S10<S05) 24.9   45.4   31.0   
P(S10<SAV) 99.5   64.1   81.7   
P(S10<SMIN) 23.9   5.4   5.7   
P(B10<B05) 63.3   7.5   8.5   
P(B10<BAV) 98.7   44.7   71.9   
P(B10<BMIN) 54.9   0.3   3.8   

 

   No Tags   

Fit to 
recent 

increase 
Parameter 0.05 Median 0.95 0.05 Median 0.95 
2010       
S10 265 420 698 604 804 1060 
B10 66 124 329 321 469 665 
U10 (%) 26.5 54.4 65.0 14.6 19.9 27.6 
S10/S05 (%) 75.9 110.9 172.0 99.9 123.4 150.6 
S10/SAV (%) 30.1 47.3 78.9 72.0 95.0 124.1 
B10/B05 (%) 40.1 74.1 172.6 102.2 148.4 211.3 
B10/BAV (%) 14.7 27.7 73.2 74.5 108.0 154.2 
P(S10<S05) 34.1   5.2   
P(S10<SAV) 99.2   62.3   
P(S10<SMIN) 33.1   1.7   
P(B10<B05) 71.1   4.0   
P(B10<BAV) 98.9   35.8   
P(B10<BMIN) 65.1   0.1   

 
4.3 Biomass Estimates 
Biomass estimates are summarised in Table 7 and discussed above.  The model biomass trajectories 
(Figure 4) suggest that both spawning and recruited biomass are near their historical lows, which has 
been reached quite recently: this was a common conclusion in all runs.  In pessimistic runs, the recruited 
biomass trajectory (Figure 4) shows a tendency to decrease for two years, then increase.  In optimistic 
runs, it increases strongly. 
 
The posterior summaries (Table 7&8) suggest that current spawning and recruited biomass are both 
substantially less than reference levels, and that current exploitation rate is in the range 33-60%. 
Projections made with the current catch and MLS suggest that spawning biomass is more likely to 
increase than not, over five years, with a 5% to 45% chance of decreasing, depending on the run case 
chosen.  The chance of recruited biomass increasing is entirely dependent on the run case chosen, and 
ranges from 29% to 96%.  At the current catch and MLS, there is little chance that the indicators will 
be above reference values in 5 years.   
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Figure 4:  The posterior distributions of MCMC recruited biomass trajectory from 1995 onwards with a pessimistic 

run: linear growth model (base1, upper) and an optimistic run: no research diver survey data (base2, 
lower). 

 
4.4 Estimation of Maximum Constant Yield (MCY) 
No estimate of MCY has been made for PAU 5D.  A range of more robust performance indicators is 
presented. 
 
4.5 Estimation of Current Annual Yield (CAY) 
No estimate of CAY has been made for PAU 5D.  A range of more robust performance indicators is 
presented. 
 
4.6 Other yield estimates and stock assessment results 
Only the current catch was used in projections. 
 
4.7 Other factors 
The assessment results described above have more uncertainty than that reflected in the posterior 
distributions.  Most uncertainty is associated with the RDLF data set, and much uncertainty also stems 
from the choice of growth model.   
 
Another source of uncertainty is the data.  The commercial catch before 1974 is unknown and, 
although we think the effect is minor, major differences may exist between the catches we assume and 
what was actually taken.  In addition, non-commercial catch estimates are poorly determined and 
could be substantially different from what was assumed, although generally non-commercial catches 
appear to be relatively small compared with commercial catch.  The estimate of illegal catch in 
particular is uncertain. 
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Tag-recapture data may not reflect fully the average growth and range of growth in this population.  
Similarly, length frequency data collected from the commercial catch may not represent the 
commercial catch with high precision.  The research diver survey data comprise five surveys, with 
large changes in the index that the model has trouble fitting.  Length frequencies from these surveys 
are the source of much uncertainty in the model fitting. 
 
In 2009 and 2010 several reviews were conducted by Cordue P.L. (2009) and Haist V. 2010 (in press) 
to asses, i) the reliability of the research diver survey index as a proxy for abundance and ii) if the 
RDS data, when used in the paua stock assessment models, results in model outputs that do not 
adequately reflect the status of the stocks.  The outcome of both reviews suggests that outputs from 
paua stock assessments, that used the RDS data as input into the model, should be treated with 
caution. For a summary of the conclusions from the reviews refer to the PAUintro Working Group 
Report. 
 
The model treats the whole of the assessed area of PAU 5D as if it were a single stock with 
homogeneous biology, habitat and fishing pressures. The model assumes homogeneity in recruitment 
and natural mortality, and that growth has the same mean and variance.  However it is know paua in 
some areas are stunted, and some are fast-growing).  
 
To what extent does a homogenous model make biased predictions about a heterogeneous stock?  
Heterogeneity in growth can be a problem for this kind of model (Punt 2003).  Variation in growth is 
addressed to some extent by having a stochastic growth transition matrix based on increments 
observed in several different places; similarly the length frequency data are integrated across samples 
from many places.   
 
The effect is likely to make model results optimistic.  For instance, if some local stocks are fished 
very hard and others not fished, recruitment failure can result because of the depletion of spawners, as 
because spawners must breed close to each other and the dispersal of larvae is unknown and may be 
limited.  Recruitment failure is a common observation in overseas abalone fisheries.  So local 
processes may decrease recruitment, an effect that the current model cannot account for. 
 
The assumption made by the model that CPUE is an index of abundance is questionable.  Literature 
on abalone suggest that CPUE is difficult to use in abalone stock assessments because of serial 
depletion.  This can happen when fishers can deplete unfished or lightly fished beds and maintain 
their catch rates, thus CPUE stays high while the biomass is actually decreasing.  In this assessment, 
the degree of hyperstability appeared reasonably well determined.   
 
Another source of uncertainty is that fishing may cause spatial contraction of populations (e.g., 
Shepherd & Partington 1995), or that some populations become relatively unproductive after initial 
fishing (Gorfine & Dixon 2000).  If this happens, the model will overestimate productivity in the 
population as a whole.  Past recruitments estimated by the model might instead have been the result of 
serial depletion.   
 
 
5. STATUS OF THE STOCK 
 
The last stock assessment was completed for PAU 5D in 2006.  A Bayesian length-based stock 
assessment model was applied to PAU 5D to estimate stock status and yield.  The period 1989–96 was 
chosen as a reference period because in this period, exploitation rate and the recruited biomass were 
relatively stable.  
 
Five-year projections made with the 2006 levels of MLS and catch showed a 37–96% chance that 
recruited biomass would be greater than 2006 biomass (4–63% chance of decrease), a variable chance 
that it would be greater than the reference level, and variable chance that it would be above the 
minimum historical level.  For spawning biomass there was a 75–95% chance of increase above the 
current level, 0–18% chance of exceeding the reference level, and a 2–24% chance of decreasing 
below the historical minimum.  Median projected exploitation rate was 17.4–49% (11.4–65%). 
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The stock assessment results were equivocal. The Working Group at the time noted that the future 
direction of recruited biomass was uncertain because of the range of possible results that were 
dependent on modelling decisions. It was not known if the catch or the TACC levels would allow the 
stocks to move towards a size that would support the maximum sustainable yield.   
 
TACCs and reported landings for the 2008–09 fishing year are summarised in Table 9. 
 
Table 9:  Summary of TACC (t) and reported landings (t) of PAU 5D for the 2008−09 fishing year. 
 

QMA Actual  TACC Reported commercial landings 
PAU 5D 89.00 88.77 

 
 
6. FOR FURTHER INFORMATION 
 
Andrew NL., Naylor JR., Gerring P., Notman,PR. 2000a. Fishery independent surveys of paua (Haliotis iris) in PAU 5B and 5D.  New 

Zealand Fisheries Assessment Report 2000/3. 21p. 
Andrew NL., Naylor JR., Gerring P. 2000b. A modified timed-swim method for paua stock assessment. New Zealand Fisheries Assessment 

Report 2000/4. 23p. 
Andrew NL., Kim SW., Naylor JR., Gerring P., Notman PR. 2002. Fishery independent surveys of paua (Haliotis iris) in PAU 5B and PAU 

5D. New Zealand Fisheries Assessment Report 2002/3. 21p. 
Breen PA., Andrew NL., Kendrick TH. 2000a. Stock assessment of paua (Haliotis iris) in PAU 5B and PAU 5D using a new length-based model. 

New Zealand Fisheries Assessment Report 2000/33. 37p. 
Breen PA., Andrew NL., Kendrick TH. 2000b. The 2000 stock assessment of paua (Haliotis iris) in PAU 5B using an improved Bayesian length-

based model. New Zealand Fisheries Assessment Report 2000/48. 36p. 
Breen PA., Kim SW. 2005. The 2005 stock assessment of paua (Haliotis iris) in PAU 7. New Zealand Fisheries Assessment Report 2005/47. 

114p. 
Breen PA., Kim SW. 2007. The 2006 stock assessment of paua (Haliotis iris) stocks PAU 5A (Fiordland) and PAU 5D (Otago).  New 

Zealand Fisheries Assessment Report 2007/09. 164p. 
Breen PA,. Kim SW., Andrew NL. 2003. A length-based Bayesian stock assessment model for abalone. Marine and Freshwater Research 

54(5): 619-634. 
Cordue P.L. 2009. Analysis of PAU 5A diver survey data and PCELR catch and effort data. SeaFic and PAUMac 5 report. 45p 
Elvy D., Grindley R., Teirney L. 1997. Management Plan for Paua 5. Otago Southland Paua Management Working Group Report. 57pp. 

(Held by Ministry of Fisheries, Dunedin). 
Gerring PK. 2003. Incidental fishing mortality of paua (Haliotis iris) in PAU 7. New Zealand Fisheries Assessment Report 2003/56. 13p.  
Gorfine HK., Dixon CD. 2000. A behavioural rather than resource-focused approach may be needed to ensure sustainability of quota 

managed abalone fisheries. Journal of Shellfish Research 19: 515–516.  
Kendrick TH., Andrew NL. 2000. Catch and effort statistics and a summary of standardised CPUE indices for paua (Haliotis iris) in PAU 

5A, 5B, and 5D. New Zealand Fisheries Assessment Report 2000/47. 25p. 
McShane,PE., Naylor JR. 1995. Small-scale spatial variation in growth, size at maturity, and yield- and egg-per-recruit relations in the 

New Zealand abalone (Haliotis iris). New Zealand Journal of Marine and Freshwater Research 29: 603–612. 
Pirker JG. 1992. Growth, shell-ring deposition and mortality of paua (Haliotis iris Martyn) in the Kaikoura region. MSc thesis, University of 

Canterbury. 165p. 
Punt AE. 2003. The performance of a size-structured stock assessment method in the face of spatial heterogeneity in growth. Fisheries Research 

65: 391–409. 
Sainsbury KJ. 1982. Population dynamics and fishery management of the paua, Haliotis iris. 1. Population structure, growth, reproduction and 

mortality. New Zealand Journal of Marine and Freshwater Research 16: 147–161. 
Schiel DR. 1989. Paua fishery assessment 1989. New Zealand Fishery Assessment Research Document 1989/9. 20p.  
Schiel DR. 1992. The paua (abalone) fishery of New Zealand. In Shepherd SA., Tegner MJ., Guzman del Proo S. [Ed}, Abalone of the World: 

Biology, fisheries, and culture. Blackwell Scientific, Oxford. 
Schiel DR., Breen PA. 1991. Population structure, ageing and fishing mortality of the New Zealand abalone (Haliotis iris). Fishery Bulletin 89: 

681–691. 
Shepherd SA., Partington D. 1995. Studies on Southern Australian abalone (genus Haliotis). XVI. Recruitment, habitat and stock relations. 

Marine and Freshwater Research 46: 669–680. 
Vignaux M. 1993. Catch per unit effort (CPUE) analysis of the hoki fishery, 1987–92. New Zealand Fisheries Assessment Research 

Document 1993/ 14. 23p. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENZ ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


