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EXECUTIVE SUMMARY 

Horn, P.L. (2002). Stock assessment of ling (Genyptem blacodes) aromd the South Island 
(F'ishstocks LlH 3,4,5,6, and 7) for the 2001-02 fishing year. 

New Zealand Fisheries Assessment Report 200Y20.53 p. 

Ling in QMAs 3-7 were assessed as four biological stocks: Chatham Rise (LIN 3 and LIN 4), 
Campbell Plateau and Stewart-Snares shelf (LIN 5, and LIN 6 west of 176" E), Bounty Plateau 
(LIN 6 east of 176" E), and west coast South Island (LIN 7 west of Cape Farewell). These 
biological stocks are subsequently referred to as LIN 3&4, LIN 5&6, LIN 6B, and LIN 7WC, 
respectively. 

New series of catch-at-age data are listed, and descriptions of new series of commercial length- 
frequency data are given. 

The assessments of the four biological stocks incorporated all relevant biological parameters, the 
commercial catch histories, updated CPUE series, and new series of catch-at-age and catch-at- 
length datainto a population model using the MlAEL 'estimation technique. The model structure 
allows the input of catch histories and relative abundance indices attributable to different fishing 
methods. 

These assessments include considerable quantities of new data @articularly the commercial 
length-frequency series), andnew fishing selectivity ogives estimated within the model, resulting 
in some changes relative to previous assessments. While none of the changes are great, the 
assessments for all stocks are more optimistic than those previously presented. Based on the 
model sensitivity nms for LIN 3&4 it is likely that most of the changes in the assessment of that 
stock have been driven by the new fishing selectivity ogives. 

The MIAEL assessments for LIN 3&4, LIN 5&6, and LIN 6B all appear to be reasonably 
reliable, based on their performance indices (i.e., about 50-70% for estimates of Bo, and 70-95% 
for estimates of current biomass). The LIN 3&4 stock appears to have a current biomass level 
close to 45% of Bo. It is llkely that current catch levels will cause the stock to decline slightly. 
The LIN 5&6 stock is estimated to be at about.58% Bo. Biomass appears to be increasing, so 
there are currently'no sustainability issues for this stock The BOU& Platform stock ( ~ 6 ~ )  
appears to be rebuilding following heavy fishing in the early 1990s. There is no TACC exclusive 
ti-this stock; it for& part ofadministrative stock L$ 6. The LIN 6B fishery is almost 
exclusively target longline, so it is likely that economic considerations will regulate catches from 
this area (i.e., effort will reduce as catch rates become economically marginal). 

The LIN 7WC assessment is the least reliable of the four presented, but markedly improved 
relative to the previous assessment (i.e., performance indices of about 35% for estimates of Bo, 
and 7690% for estimates of stock status). The best estimate of current biomass is that it is just 
above BlrlAy, and current catch levels are likely to cause a further decline in stock size. 

There are no outstanding sustainability issues for LIN 3&4, LIN 5&6, and LIN 6B. Estimates of 
CAY for these stocks are currently greater than the TACCs or recent catch levels. For LIN 7WC, 
current biomass is close to BMAu and recent reported catch levels are close to the CAY. 



1. INTRODUCTION 

This document repolts the results of Project LLN2000101, Objectives 1 and 3. The objectives are as 
follows. 

1. To determine the catch-at-age from ling fisheries in LIN 3 & 4 , s  & 6, and 7 in 1999-2000 from 
samples collected at sea by scientific observers and from other sources, with a target coefficient 
of variation of 30% for each Fishstock. 

2. To update the standardised catch and effort analyses from the ling longline fisheries in LIN 3,4, 
5 , 6  and 7 with the addition of data up to the end of the 1999-2000 fishing year. 

3. To update the stock assessments of kg in LLN 3 & 4.5 & 6 (excluding the Bounty Plateau), and 
7, including estimating biomass and yields. 

The results from Objective 2 have been reported by Hom (2002). 

Ling are managed as eight Fishstocks, although five of these &IN 3,4,5,6, and 7; Figure 1) currently 
produce about 95% of landings. Investigations have indicated that there are at least four major 
biological stocks of ling in New Zealand waters (see Horn & Cordue.1996). i.e., the Chatham Rise, the 
Campbell F'lateau (including the StewartSnares shelf and Puysegur Bank), the Bounty Platform, and 
the west coast of the South Island. 

The four stocks assessed in this document are defined as follows: LIN 3854, Chatharn Rise; LIN 5&6, 
Campbell Plateau including Stewart-Snares shelf and Puysegur Bank, LIN 6B, Bounty Plateau; 
LIN 7WC, west coast of the South island. The most recent previous assessments of these stocks were 
reported by Horn & Zbeng (2001). 

The current assessments use the MIAEL estimation technique of Cordue (1993, 1995, 1998). They 
incorporate additional catch-at-age data and updated CPUE series for all stocks, and new series of 
commercial catch-at-length data for LIN 3&4, LIN 5&6, and LIN 6B. 

2. REVIEW OF THE FISHERY 

Reported landings of ling are summarised in Tables 1 and 2. From 1975 to 1980 there was a 
substantial fishery on the Chatham Rise (and to a lesser extent in other areas) carried out by Japanese 
and Korean longliners. During the 1980s. most ling were taken by trawl. In the early 1990s a longhe  
fishery developed,.with a resulting increase in landings from LIN 3, 4, 5, and 6 (Horn et al. 2000). 
Landings on the Bounty Plateau are taken almost exclusively by longline. A small, but important, 
quantity of ling is also taken by setnet in LIN 3 and LIN 7 (Hom 2001). In LIN 7, about two-thirds of 
ling landings are taken as a trawl bycatch. 

Under the Adaptive Management Programme (AMP), TACCs for LIN 3 and 4 were increased by 
about 30% for the 1994-95 fishing year to a level that was expected to allowany decline in biomass to 
be detected by trawl surveys of the Chatham Rise (with C.V. 10% or less) over the 5 years following 
the increase. The TACCs were set at 2810 and 5720 t, respectively. These stocks were removed from 
the AMP from 1 October 1998, with TACCs maintained at the increased level. Recent anecdotal 
reports from the fishing sector, and the analysis of CPUE data, indicated that longline catch rates have 
declined in recent years, particularly in LIN 3 and 4. Consequently, fishing companies have reduced 
the effort in this fishery. From 1 October 2000, the TACCs for LIN 3 and LIN 4 were reduced to 
2060 t and 4200 t, respectively, a level approximating the combined CAY estimate of 6260 t for 
LIN 3&4 from Horn et al. (2000). 

The TACC for LIN 7 has been consistently exceeded throughout the 1990s, sometimes by as much as 
50%. 



3. RESEARCH RESULTS 

Catch-at-age data were calculated for ling caught during trawl surveys of the Southem Plateau in 
November-December 1993 and 2000 &IN 5&6), and the Chatham Rise in January 2001 &IN 3&4). 
Samples from commercial longhe operations on the Puysegur Bank in December 1999 &IN 5&6) 
and .the Bounty Plateau in February 2000 (LIN 6B) were also aged to pmduce catch-at-age data. 
Catch-at-age was also calculated for ling taken by commercial trawl operations off the west coast of 
the South Island (LIN 7WC) in the winter of 2000. 

Otoliths from each sample were selected proportionally to the scaled length frequency from that 
sample, with the constraint that the number of otoliths in each 1 cm length class (where available) was 
at least one. In addition, all otoliths in the extreme right hand tail of the length frequency were fully 
sampled. This provides a sample with a mean weighted C.V. similar to that for strictly proportional 
sampling, but will do better than unifoml sampling with weighted tails. 

Otoliths were prepared and read using the validated ageing technique for ling (Horn 1993). For each 
sample, catch-at-age was calculated using purpose-written software (B. Bull, NIWA) that constructed 
age-length keys separately for each sex and applied them to scaled length-frequency distributions. 

Calculated catch-at-age distributions are listed in Appendix A. For all samples, the mean weighted 
coefficient of variation was lower than the target of 30%. 

As noted below, the stock modelling procedun: used for the current assessment has been modified to 
enable the input of series of length-frequency data. This allows the inclusion of data from fisheries 
where numbers-at-length, but not numbers-at-age, are available. Data were available from commercial 
trawl and longline fisheries. 

3.2.1 Trawl fisheries 

Scientific observers have collected ling length-frequency data from trawl fisheries in LIN 3&4 and 
LW 5&6 since the 1990-91 fishing year. All these data were extracted from the obs-vs database. 
Exploratory data analysis indicated that the lmgth distributions of ling caught by vessels targeting 
scampi differed markedly from those from vessels targeting other species (e.g., hoki, hake, ling, silver 
warehou, arrow squid), particularly in LIN 5&6 (Figure 2). Trawl fisheries targeting species other than 
scampi are responsible for the bulk of the ling trawl landings in LIN 3-6 (Horn 2001). Observer effort 
appeared to be concentrated in LIN 3&4 from November to May, and in LIN 5&6 (excluding the 
Bounty Plateau and Puysegur Bank) from January to July. 

Consequently, length-frequency distributions were created for the two areas as follows. 

i. Chatham Rise (LIN 3&4) - data from November to May of each fishing year were extracted 
and subdivided into four groups (non-ticampi and scampi target, for each of LIN 3 and LIN 4). 
All data from a paaicular year were excluded if fewer than 500 ling had been measured in the 
non-scampi target groups combined. A single scaled length-frequency distribution was 
calculated for each year, scaling to the reported landings from each fishery and area (from 
Hom 2001). 

ii. Campbell Plateau GIN 5&6, excluding the Bounty Plateau and Puysegur Bank) - data from 
January to July of each fishing year were extracted and subdivided into two groups (non- 
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scampi and scampi target). All data from a particular year were excluded if fewer than 500 
ling had been measured in the non-scampi target soup. A single scaled length-hquency 
distribution was calculated for each year, scaling to the reported landings from each fishery 
(from Horn 2001). 

3.2.2 Langline fisheries 

Series of length-frequency data from the longline fisheries have been derived from a logbook scheme 
set up in 1995 by SeaFIC and described by Langley (2001). Most of these data were from the Chatham 
Rise, but some were available from the Campbell Plateau, Puysegur Bank, and Bounty Plateau. 
Scientific observers had also collected length data from the commercial longlime fishery sporadically 
since 1993. Length-frequency data from trips used to produce catch-at-age distributions were not 
included in the following catch-at-length distributions. 

Four series of length-frequency distributions were created as follows. 

i. Chatham Rise (LLN 4 only) - data from July to October were obtained from SeaFIC logbook 
and MFish obs-lfs databases (Langley 2001). Data from sampled sets in each year (1995- 
2000) were simply combined to produce diskibutions by sex; no scaling was conducted. 

ii. Puysegur Bank @art of LIN 5) - data from October to December in 1996 and 1999 were 
obtained from the SeaFIC logbook database (Langley 2001). Data from sampled sets in both 
years were simply combined to produce distributions by sex; no scaling was conducted. The 
W i s h  obs& database contained data from trips to this area in November 1993 and 
December 1999. Length-frequency distributions, scaled by catch per set, were calculated for 
both trips separately. The 1999 SeaFIC and W i s h  distributions were combined, giving each a 
weighting of 50%. to produce a single distribution. 

iii. PukakiIAuckland Island (pan of LIN 6) - data from April to June in 1999 and 2000 were 
otfained from the SeamC logbook database (Langley 2001). Data from sampled sets in both 
years were simply combined to produce distributions by sex; no scaling was conducted. The 
MFish oh-&s database contained data from trips to this area in April 1998 and June 1999. 
Length-frequency distributions, scaled by catch per set, were calculated for both trips 
separately. The 1999 SeaFIC and Wish  distributions were combined, giving each a weighting 
of SO%, to produce a single distribution. 

iv. Bounty Plateau @art of LIN 6) - data from November to February in 1999-2000 were 
obtained from the SeaFIC logbook database (Langley 2001). Data from all sampled sets were 
simply combined to produce distributions by sex; no scaling was conducted. The MFish 
obs-lfs database contained data from a trip to this area in December 1995. A length-frequency 
distribution, scaled by catch per set, was calculated for this trip. 

4. STOCK ASSESSMENT 

4.1 Model input data 

Estimated catch histories for the four stocks are listed in Table 3. The split between the pre-spawning 
and spawning seasons from 1983 to 2000, by method, was based on reported estimated landings per 
month, pro-rated to equal total reported landings. Landings before 1983 were split into method and 
season based on perceived fishing patterns at the time. Any inaccuracies in the allocation of pre-1983 
catches to method or season could influence the assessment, particularly if catches from these early 
years define the Bd, or B,, bounds. This occurs only for LIN 3&4, where the 1977 catch defies 
Bd.. Note that for LIN 3&4, the estimated landings for 2001 were lower than the reported landings in 



2000; they were reduced to the level of the new TACC, with all the reduction coming from the 
longline fishery. 

Estimates of biological parameters and of model parameters used in the assessments are given in Table 
4. The maturity ogive represents the pmportion of fish (in the virgin stock) that are estimated to be 
maturing at each age. Ogives for LIN 3&4 and LIN 5&6 were derived fiom gonad stage data (see 
Horn et al. 2000). The LIN 6B and LIN 7WC ogives were assumed to be the same as for LIN 3&4 in 
the absence of any data to otherwise determine them. The proportion spawning is assumed to be 0.9 in 
the absence of data to estimate this parameter. Ageing error assumes a 15% chance of overestimation 
of true age by 1 year, and a 15% chance of underestimation by 1 year. 

A series of standardised longline CPUE indices calculated by Horn (2002) was available for each 
modelled stock (see Table 5). Series of trawl survey indices were available for LIN 3&4 and LIN 5&6 
(Table 6). All of the trawl survey series were available both as estimates of biomass and numbers-at- 
age. For LIN 7WC, eight years of commercial trawl proportion-at-age data were available. For 
LIN 3&4, LIN 5&6, and LIN 6B, various series of proportion-at-age and proportion-at-length from the 
commercial trawl and longline fuheries were available: the c.v.s and relative weightings assigned in 
the model to each relative abundance series are listed in Table 7. 

The assumed maximum exploitation rates on the home ground (rhmmu) and spawning ground (r,,-) 
for each stock are listed in Table 4. These values determine B-, the lowest value of Bo that is 
consistent with the catch history. The minimax exploitation rates on the home ground (hm& and 
spawning ground (rSpm) are the lowest values that the exploitation rate is believed to have been in the 
year that the catch was highest. The minimax exploitation rates determine the value of B,,, Le., the 
highest level of Bo that is believed to be feasible. 

I 4.2 Model procedure 

Stock assessments for LIN 3 & 4, LIN 5 & 6 (excluding the Bounty Plateau), LIN 6 (Bounty Plateau 
only), and the west coast section of L I . 7  were updated using the least squares and single-stock 
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MIAEL estimation techniques of Cordue (1993. 1995,1998). Themodel was used to calculate bounds, 
estimates, and information indices for virgin and current biomass, MCY and CAY. The single-stock 
modelling approach of the recent assessments was continued. The approach was implemented using 
NIWA's purpose written modelling and estimation software. The model was modified in 2001 to allow 
the input of, and fitting to, series of length-frequency data 

The model has a temporal @re-spawning and spawning seasons) and spatial (home ground and 
spawning ground) structure. The model year for each stock was set to begin at the start of the 9-month 
pre-spawning season. Because of differences between stocks in the timing of the spawning seasons 
(see Horn et al: 2000). the model year began in December for LIN 3&4 and LIN 5&6, in January for 
LIN 6B, and in October for LIN 7WC. The MIAEL model uses a two-stage process. In the first stage, 
all available input data are used to obtain least squares estimates of year class strength (YCS), trawl 
survey vulnerability ogives, fishing selectivity ogives, and fits to the series of abundance indices.' At 
this stage, trawl survey series are input as catch-at-age. In the second stage of the procedure, all 
parameters except virgin biomass are fixed at the values estimated in the f i s t  stage, and only the least 
squares and MIAEL estimates of biomass are determined. At this step, biomass indices from the 
respective trawl surveys (inserted as relative abundance indices) replaced the numbers-at-age 
estimates, and the estimated proportions-at-age and proportions-at-length from the commercial 
fisheries were removed. CPUE series were input as relative abundance series, as in the first step. 

Catch-at-age can be incorporated in the first stage of the model as either relative numbers-at-age or 
proportions-at-age. Relative numbers-at-age are used when catch-at-age data are available from all the 
surveys in a series; this is the situation with all the Tanguroa surveys. Proportions-at-age are used as 
an absolute abundance index when only one set of catch-at-age data is available from a survey series; 



this is the situation with both the ~maltal  Explorer survey series. Catch-at-age data from commercial 
fishery samples are also incorporated as series of proportions-at-age. 

Points in abundance series are entered into the model with a coefficient of variation (c.v.). The values 
were selected following discussions by the Middle Depth Species Working Group. In general, for ling, 
they are 25% for a "good" trawl survey, and 35% for an "acceptable" haw1 survey. The c.v.s applied 
in the model to the trawl survey series (Table 7) are generally much higher than the values actually 
calculated for each individual survey (see Table 6).  CPUE series were entered into the model with a 
c.v. of 0.20, following the recommendation of Francis et al. (2001). The abundance series for an 
individual stock are also given relative weightings in the model (see Table 7). These weightings are 
again based on the perceived reliability of the various series. The seasons and grounds where the series 
enter the model are listed in Table 7. 

4.3 Sensitivity runs 

Selected sensitivity runs of the model, and the stocks they were applied to, were as follows. 

All stocks -increasing M by 0.04 (denoted as "M+0.04" in subsequent tables). 
All stocks -decreasing M by 0.04 (denoted as "M-0.04"). 
All stocks - assuming an instantaneous spawning season and all catches taken from the home 

ground (denoted as ''No spawn"). This was done because it is known that the spawning 
seasons in the different areas are not well defined, and that much of the catch taken in the 
supposed spawning season is not spawning fish. 

0 LW 3&4 and LIN 7WC - using higher values of r,, to examine the effects of changing the 
bounds around Bo (denoted as "r-d.1" aid "rA.02"). This was done because the 
estimates of current biomass for the LIN 3&4 and LIN'IWC stocks were found to be 
relatively close to B M A ~  (i:e., indicating the stocks most likely to be subject to sustainability 
issues). 

LIN 3&4 - ihcreasing the c.v.s applied to the CPUE indices to 0.35 (denoted as "cv=0.35"). This 
is the value that had been applied to CPUE series in previous ling assessments. 

LIN 3&4 - using the fishing selectivity ogives derived outside the model, and used in the most 
recent previous assessments (see Horn et al. 2000) (denoted as "Old select"). 

4.4 Comparison with prevlous assessments 

The current assessment d i e m  from the most recent previous assessment (Horn & Beng 2001) in two 
main respects. F i t ,  the modelling software had been modified to enable series of length-frequency data 
to be used as inputs. This enabled the inclusion of data for fisheries from which little or no catch-at-age 
data were available (e.g., the Chatham Rise commercial trawl fishery, and longline fisheries in all areas 
except LIN 7WC). Second, fishing selectivity ogives were estimated in the model. Previous assessments 
had used home ground fishing selectivity ogives derived outside the model from observer length- 
frequency data (Horn et al. 2000). Ogives were derived for trawl and longline fisheries separately, by 
fitting to proportion-at-age and length-frequency data series. 

4.5 Year class strengths 

Year class strengths were estimated for all stocks (Tables 8-11). Patterns of year class strengths for all 
stocks except the Bounty Plateau are likely to be reasonably well estimated as each is based on 8 to 13 
age-frequency data sets from trawl surveys or commercial catch samples. Any individual year class 
strength is based on a minimum of three data points (again with the exception of those for the Bounty 
Plateau). The series of commercial length-frequency data will also influence the year class strength 



estimation. In general, the differences between extreme values for any stock and any model Nn are 
about one order of magnitude, except on the Bounty Plateau where differences ate greater than two 
orders of magnitude. 

For LIN 3&4, a series of relatively strong year classes was spawned in the 1970s. They were then 
below average for about 14 years (with the exception of average recruitment in 1988). Three relatively 
strong year classes from 1994 to 1996 are apparent. All the sensitivity runs give similar results (Table 
8). . . 

For LIN 5&6, recruitment appeared to be relatively constant throughout the 1970s and 1980s. but with 
a localised peak from 1980 to 1983. There is an indication of above average recruitment from 1991 to 
1994 (but most particularly in 1993 and 1994). The sensitivity runs have little effect on the pattern of 
year class strengths (Table 9). 

For LIN 7WC, year class strengths showed little trend throughout the 1970s and early 1980s, but a run 
of above average recruitment is apparent from 1986 to 1989. There is an indication of a strong 1994 
year class. Again, the sensitivity runs result in only slight changes to the estimated year class strengths 
(Table 11). 

For LIN 6B, the year class strength estimates ate based on only one year of catch-at-age data and two 
years of length-frequency data from the longline fishery. Consequently, the distribution of estimates is 
quite "spiky"; when samples from several years are available, any aberrant high or low estimates from 
an individual sample tend to be smoothed out. The estimated year class strengths for the Bounty 
Plateau population are characterised by a period of exceptionally low recruitment from 1975 to 1982, 
and high recruitment in the late 1960s and from 1989 to 1993 (Table 10). Despite the relatively small 
amount of data used to estimate these year class strengths, the pattern of recruitment is supported by 
other age data that was not incorporated into the model because of inadequate sample sizes (Figure 3). 
These small collections of aged f ~ h  taken by both trawl and lougline indicate strong recruitment in the 
late 1960s and negligible recruitment throughout the late 1970s. 

It appears likely that recruitment variability is greater on the Bounty Plateau than in the three other 
assessed stocks. Standard deviations for the calculated year class strengths are 0.47.0.58, and 0.67 for 
LIN 3&4, LIN 7WC, and LIN 5&6, respectively. (These are all close to the rsd of 0.6 used in yield 
estimations for ling.) The calculated value for LIN 6B is 1.15, although as noted above, some of the 
apparent variability could be related to the small amount of input data. 

4.6 Least squares fits 

Base case least squares model fits to the series of CPUE data (as determined in the first step of the 
modelling) for each stock are presented in Figure 4. Fits are generally good for all stocks. 

For LIN 3&4, model fits to numbers at age from summer trawl surveys of the Chatharn Rise (Figure 5) 
are generally reasonable. Fits to the longliie length-frequency data ate good (Figure 6), although the 
observed male length modes are always above the fitted line. The commercial trawl.length-frequency 
data are poorly fitted in some years (Figure 7). However, considering the ad hoc nature of the 
sampling in what is essentially a bycatch fishery, and the relative down-weighting of this series in the 
model, the matching of the observed and expected distributions is reasonable. 

For LIN 5&6, model fits to the autumn (Figure 8) and summer (Figure 9) trawl surveys of the 
Campbell Plateau ate generally reasonable. .Two samples of proportion-at-age data from the longline 
fishery are available (Figure lo), one from the Campbell Plateau in the non-spawning season and 
another from the Puysegur Bank in the spawning season. Fits to these data are also reasonable, 
although the observed abundance of some of the younger male age classes is higher than the model 
predicts. Fits to the longline length-frequency data are mediocre for the home ground fishery, 



particularly for females (Figure l l ) ,  but are markedly better for the spawning fishery (Figure 12). As 
on the ChathamRise, the fits to the commercial trawl length-frequency data are variable in quality, but 
overall quite reasonable given the characteristics of the fishery and its sampling (Figure 13). 

For LIN 6B, fits to a single set of longline proportion-at-age data (Figure 14) and two years of length- 
frequency data (Figure 15) are available. Model fits are reasonable for both data sources. There is no 
'significant trawl catch of ling from this stock. 

For L N  7WC, data from the trawl bycatcb fishery are available as proportionat-age indices, and fits 
to these data are generally good (Figure 16). No length or age data are available from the longline 
fishery off WCSI. 

The estimated q values for the various trawl survey series appear logical (TabIes 8 and 9). They 
indicate that on the Campbell Plateau about 10% of ling between the doors are captured in the autumn 
Tangaroa survey, that a smaller proportion are captwed in the summer Tangaroa survey, and that 
Amaltal Explorer has a lower fishing efficiency than Tangaroa. The base case q for Tangaroa in the 
Chatham Rise in summer (0.06) is similar to the summer value on the Campbell Plateau (0.07). These 
trawl efficiencies are all low, but it should be noted that the trawl q is very sensitive to changes in M 
(Tables 8 and 9). The q values for the CPUE series are not informative, as CPUE is not presented in 
meaningful units. 

4.7 Estimated ogives 

Estimated fshing selectivity and trawl survey selectivity ogives from the base case model NnS are 
presented for the four ling stocks in Figures 17-20, with values listed in Table 12. 

For the trawl surveys, fullselectivity was assumed to be at age 5 for males on the Chatham Rise 
(Figure 17), and age 8 for males on the Campbell Plateau (Figure 18), as recommended by the 
Working Group. The calculated ogives indicate that on the Chatham Rise males have a higher 
selectivity at age than females (or are relatively more abundant in the population), whereas the 
converse is indicated on the Campbell Plateau. 

All fishing selectivity ogives were estimated over the age range 1-20 years, and calibrated so that 
males had a selectivity of 1 at age 20. For the thee commercial trawl fisheries (Figures 17. 18, and 20) 
there was a trend for the selectivity of both sexes to increase to a peak (generally about age 10-12) and 
then steadily decline with age. This was unexpected. Older (larger) ling may be better able to avoid the 
trawl, as has been indicated by underwater examination of ling behaviow in trawls (Piasente & Eayrs 
2000). It is also possible that trawl fisheries catching ling do not fully exploit areas where larger ling 
are relatively more abundant. But this trend could also be explained by having an M that increases 
with age, rather than being constant throughout life (as is assumed in the model). 

The ogives for the commercial longline fisheries (Figures 17-19) exhibit a similar trend of selectivity 
increasing to a peak and then steadily declining with age, although in these fisheries this trend is most 
marked for female f ~ h .  Again, a decline in selectivity with age is unexpected. There are no obvious 
behavioural or distributional explanations for this, although it is possible that very large fish may be 
more able to break the snoods by twisting or when being hauled. An increasing rate of natural 
mortality with age could explain some of this apparent anomaly. 

4.8 MlAEL estimates of biomass 

Estimates of mid-spawning season virgin spawning biomass (B,,), and mid-spawning season spawning 
biomass for 2000-01 (Bmid~wJ, and 2001-02 m m i d ~ 0 2 )  were obtained for all stocks Vables 13-16). 



4.8.1 LIN 3&4 

The B,,i, bound for this stock is defined by catches in 1977, which are not well hown.  However, the 
least squares estimate of Bo is not near the lower bound, so this uncertainty in the 1977 landings (and 
any consequent change to B,,i$ is likely to have little effect on the assessment. 

The.base case estimate of Bo (130 730 t) is about 30% higher than the estimate from the most recent 
assessment (Horn & Zheng 2001). Current biomass (B~moa,) is estimated to be about 45% of BO with 
a performance index of 89%. The estimates are listed in Table 13, and the biomass trajectory is shown 
in Figure 21. The estimation of Bo was relatively insensitive to the tested sensitivities; the greatest 
change was a reduction by 23% when r,, was increased to 0.1. Increasing the C.V. applied to the 
CPUE indices (from 0.2 to 0.35) caused a slight decrease in Bo, but a more marked drop in the 
performance index (i.e., BO was less well defined between the upper and lower bounds). The lowest 
estimate of Bmid2wl was 33% of Bo, derived when using the fishing selectivities estimated outside the 
model. This model run produced an assessment quite similar to that reported by Horn & Zheng (2001) 
for LIN 3&4. It suggests that the use of new fishing selectivity ogives (i.e., those estimated within the 
model) is a major factor responsibIe for the more optimistic assessments this year. 

The estimations of Bdml and B,,id2m indicated that in all model runs, catches at the current levels are 
likely to cause the stock size to decline from 2001 to 2002. 

4.8.2 LIN 5&6 

The base case estimate of Bo(140 750 t) is slightly lower than the estimate from the most recent 
assessment (Hom & Zheng 2001). Current biomass (BmimoaI) is estimated to be about 58% of Bo, and 
has a performance index of 89%. The estimates are listed in Table 14, and the biomass trajectory is 
shown in Figure 21. 

The estimation of Bowas relatively insensitive to the tested changes in M, but sensitive (marked 
increase in Bo) to the assumption of an instantaneous spawning season with all catches taken from the 
home ground. The estimations in the sensitivity runs of Bdml and Bdam showed similar trends to 
the Bo estimates; current biomass is estimated to be about 75% of Bo if the spawning fishery is 
removed. In all model runs, it was estimated that current biomass would increase between 2001 and 
2002, under the assumption of catches at the 2000 level. 

4.8.3 LIN 6B 

The base case estimate of Bo for LIN 6B is 13 180 t, markedly higher than in the most recent 
assessment (Hom & Zheng 2001). Curtent biomass (Bmid2WI) is estimated to be 56% of Bo with a 
performance index of 94%. The estimates are listed in Table 15, and the biomass trajectory is shown 
in Figure 21. The inclusion in this assessment of data allowing the estimation of year class strengths 
(rather than assuming a constant value for all years) has allowed the model to fit the CPUE indices 
much better than in previous years. 

None of the estimated. biomass values change markedly under the sensitivity runs conducted. In all 
model runs, it was estimated that current biomass would remain constant or increase between 2001 
and 2002, under the assumption of catches at the 2000 level. 



4.8.4 LIN 7WC 

The base case estimate of Bo (41 060 t) is very similar to the previous assessment estimates (see Hom 
& Zheng 2001). Current biomass (Bdmm,) is estimated to be 33% of BQ, with a performance index of 
74%. The estimates are listed in Table 16, and the biomass trajectory is shown in Figure 21. 

Estimates of BQ are relatively insensitive to the tested changes in M, but are higher under the 
assumption of an instantaneous spawning season, and lower when assuming an r,, of 0.02. However, 
estimates of current biomass (Bndm) are relatively insensitive to the tested changes. 

In all model runs, it was estimated that biomass would decrease slightly between 2001 and 2002, 
under the assumption of catches at the 2000 level. 

4.9 Yield estimates 

MCY was estimated from MCY = p.Bb where p is determined for each stock using the method of 
Francis (1992) such that the biomass does not drop below 20% BQ more than 10% of the time. A 
MUEL estimate of CAY was determined from the estimated age structure of the current projected 
total biomass (BbegmI). with the appropriate selectivity ogives applied. Estimates of MCY and CAY 
for each stock are given in Table 17. 

Throughout the I990s, annual landings from LIN 3&4, LIN 5626, and LIN 6B have generally been at 
about the level of the MCYs for those stocks. Landings from LIN 7WC have been slightly above the 
estimated MCY level. The estimates of CAY for all stocks are now higher than the MCY estimates, 
and also greater than the TACCs or recent catch levels. AU areas are currently experiencing 
recruitment into the fishery of one or more relatively strong year classes, hence the trend of increases 
in CAY since the last assessment (Horn & Zheng 2001). CAYS would also have increased because of 
the more optimistic estimates of biomass owing to changes in the assessment procedure. 

4.10 Management implications 

The inclusion of much new data (patticularly the commercial length-frequency series), the estimation 
of fishing ogives within the model, and the apparent recmitment of some relatively strong year classes 
into all of the fisheries has resulted in some changes relative to previous assessments. While none of 
the changes are great, the assessments for all stocks are more optimistic than those presented by Hom 
& Zheng (2001). 

4.10.1 LIN 3814 

Current stock size from the base case model run is estimated at 45% of Bo (range 5-61%), compared 
with 30% in the previous assessment. Based on the sensitivity runs, it is apparent that the new fishing 
selectivity ogives (estimated within the model in the current assessment) are largely responsible for the 
increased estimate of current biomass. The estimate of cment biomass when using tbe old selectivity 
ogives (estimated outside the model) is 33% of Bo, the lowest of all the estimates produced. 

The stock has been decreasing since about 1990 when catch levels increased. The estimation of current 
biomass appears to be reasonably robust because the estimates from all the sensitivity mns were in a 
relatively narrow range (33-47% BQ). Although there is evidence that recruitment to the fishery 
(particularly the trawl fishery) is currently quite strong, catches at the level of the current TACC are 
likely to cause the stock size to decline slightly in the next year. The estimate of CAY for this stock is 
higher than the current TACC. 



4.10.2 LIN 5&6 

Fishstocks LIN 5 and LIN 6 (but excluding fish on the Bounty Platform) are probably only moderately 
fished and current stock size (58%B0) is estimated to be well above BMAY. Recent catch levels and 
current TACCs are probably sustainable in the medium term; a comparison of estimates of current 
spawning biomass for 2001 and 2002 indicates that stock size is increasing. The stock declined during 
the early 1990s as the older part of the population was fished down, but has been rebuilding since 
about 1998. The assessment outcome was relatively insensitive to the tested changes in model 
parameters. 

Catches at current levels, or at the TACCs, should allow the stock to move towards a size that will 
support the MSY. Current catch levels for LIN 5&6 are about at the level of the MCY, and are much 
lower than the estimated CAY. 

4.10.3 LIN 6B 

The ling fishery on the Bounty Plateau (part of the LIN 6 Fishstock) was heavily fished in the early 
1990s but current stock size (56%Bo) is estimated to be well above Bmy. There is no separate TACC 
for this stock. The first estimates of year class strengths for thii stock are presented here and show 
recruitment to be variable relative to the three other assessed stocks. A series of relatively strong year 
classes (1989-1993) have been recruiting into the fishery in recent years, resulting in a steady stock 
rebuilding since about 1997. The assessment presented here is largely driven by the longline CPUE 
indices, which constitute the only estimate of relative abundance for this stock. 

Landings in the last 5 years have averaged about 600 t annually, lower than both the MCY and CAY 
estimates. Landings from LEV 6B are taken almost exclusively by target longline. Hence, it is likely 
that economic considerations will regulate catches from this area (i.e., when catch rates fall to an 
uneconomic level, fishing will be suspended until the stock rebuilds). 

4.10.4 LIN 7WC 

This assessment relates only to the WCSI section of Fishstock LIN 7. (The stock affinity of ling in the 
Cook strait section of LIN 7 is currently unknown.) The assessment presented here is largely driven 
by the longline CPUE indices, which constitute the only estimate of relative abundance for this stock. 
The marked increase in performance indices for this assessment over the previous one (see Horn & 
Zheng 2001) gives more confidence in the estimates presented here. However, the base case estimate 
has changed only slightly since the previous assessment. 

LIN 7WC appears to be the most heavily exploited of the four assessed ling stocks. However, it is also 
the least certain of the assessments presented here. There are no estimates of relative abundance 
available for the trawl fishery (which takes about 70% of the landings), and the characteristics of the 
longline fishery are poorly known. Model results suggest that the LIN 7WC stock has been reasonably 
heavily exploited and may be at about 33%Bo (i.e., just above the level of BMAY). The stock could 
decline further at the current catch level or at a catch level equal to the current TAC. 

It is not known if recent landings and the current TACCs are sustainable in the long term, or are at 
levels which will allow the stocks to move towards a size that will support the MSY. The TACC for 
LIN 7 has been significantly over-caught since 1988-89. Ovemns have often been in the order of 30- 
50% of the TACC. In all but one of the years since 1988-89, reported landings have been higher than 
the estimate of MCY (2500 t). Current reported landings are  at about the level of the CAY (3290 t). 
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Table 1: Reported landings (t) from 1975 to 1987-88. Data from 1975 to 1983 from MAF; data from 
1983-84 to l985-86 fromFSU; data fmm 198647 to 1987-88 from QMS. 

. . 
0- 

_NnvZealsnd Lnneli Trow1 
RshingYwr D o w t i c  C ~ ~ I Q &  Toel (JapmcKam) l n p  KOM USSR Toel 
1975* 486 0 486 9269 2180 0 0 I1499 
1976' 447 0 447 19381 5 I08 0 13W 25 789 
1977; 549 0 549 28633 5014 2W 7W 34547 
1978-79# 657. 24 681 
l979-8MI 915' 2598 3513 
1980-8lff 1028' - - 
1981-82# 1 5811 2423 4W4 
1982-83# 2 135' 2501 4636 
1983 2 695. 1523 4218 
1983-845 2 705 2500 5205 
1984-85s 2 646 2166 4812 
1985-861, 2 126 2948 5 074 
1986-871 2 469 3 177 5 646 
1987-881 2212 5030 7242 
* Cnlcndar ymn (1978 to 1983 for domestic -Is only). 
# April l to M m h  31. 
t April l lo Sept30. 
4 Oct 1 to Scpt30. 



Table 2: Reported landings (t) of ling by Fishstock fmm 1983-84 to 1999-2000 and actual TACs (t) from 
1986-87 to 1999-2000. Estimated landings for LIN 7 from 1987-88 to 1992-93 include an adjustment for 
Ling bycateh of hoki trawlers, based on records from vessels carrying observers. 

F~hsmck LIN l 
QMA (s) I &e 

Landings TAC 
198344' 141 - 

Fishstock LIN 6 
QMA (9) 6 

Landings TAC 
1983-84. 869 - 
198685* I283 - 
1985-86. 1489 - 
1986-87# 956 I MX) 

1987-88# 1710 7WO 
1988-89# 340 7W0 
1989-9W 935 70W 
1990-91# 2738 7000 
1991-92# 3459 7000 
1992-9% 6501 7 000 
1993-94# 4 249 7 000 

LIN 2 LIN 3 LIN 4 LIN 5 
Z 4 5 
Landings TAC Landings TAC Landings TAC Landings TAC 

594 - 1306 - 352 - 2.545 - 
391 - 1067 - 356 - 1824 - 

TAC Landingx TAC - 0 - - 0 - - 0 - 
1 960 0 10 
2 008 0 10 
2 150 0 10 
2 176 0 10 
2 192 el 10 
2 192 0 10 
2 212 <I I0 
2213 0 10 

TAC - 
- 
- 

I8 730 
18 988 
19 175 
19 672 
19711 
19711 
19 737 
19 741 
22111 
22 I l l  
22 113 
22 I13 
22 113 
22 113 

# QMS dnu. 
B Includes landings from unknown nns before 1986-87, and mau outside the EZ since 1995-96. 



Table 3: Estimated catch histories (t) for LIN 3&4 (Chatham Rise), LIN 5&6 (Campbell Plateau excluding 
the Bounty Platform), LIN 68 (Bounty Platform), and LIN 7WC (WCSI section of LIN 7). Landings have 
been separated by fishing method, and by pre-spawning (Pre) and spawning (Spn) season. The last value 
in each column is assumed, and was allocated to method and season based on approximate 2000 landings. 
For LJN 6B, all landings np to 1990 were taken by trawl, and over 98% of all landings after 1990 were 
taken by line. 

L M  3&4 
Trawl Line 

PIC Spn PIC Spn 
0 0 0 

L M  5&6 
Tnwl Line 
PIC Spn PIC Spn 

0 0 

LIN 7WC 
Trnwl tine 

PIC Spn Pn Spn 
0 0 0  

65 10 10 



Table 4: Biological and other input parameters used in the Ling asswments. 

1. Natural mortality (M) 
Female Male 

All stocks 0.18 0.18 

2. Weight = a (length? (Weight in g, total length in cm) 
Female 

a b 
LIN 3&4 0.00114 3.318 
LIN 5&6 0.00128 3.303 
LJN 6B 0.00114 ' 3.318 
LIN 7WC 0.00094 3.366 

Male 
a b 
0.00100 3.354 
0.00208 3.190 
0.00100 3.354 
0.00125 3.297 

3. von Bertalanffy growth parameters 
Female 

k to L, 
LIN 3,524 0.076 -1.05 160.1 
LIN 5&6 0.113 -0.67 125.7 
LIN 6B 0.079 -0.70 158.4 
LIN 7WC 0.076 -0.83 170.5 

4. Maturity ogives 

LIN 3&4, LIN 6B, LIN 7WC 
Male 0.0 0.100 0.20 0.35 0.50 
Female 0.0 0.001 0.10 0.20 0.35 

LIN 5&6 
Male 0.0 0.10 0.30 0.50 0.80 
Female 0.0 0.05 0.10 0.30 0.50 

5. Spawning seasons 

LIN 3&4 September-November 
LIN 5&6 September-November 
LIN 6B October-December 
LIN 7WC July-September 

6. Miscellaneousparameters 

Recruitment vaiiability 0.6 
Proportion spawning 0.9 
Spawning season length 0.25 
Ageing error f 15% for ages 2 3 

Male 
k t L- 

0.108 -1 24 119.0 
0.194 0.16 95.1 
0.128 0.28 123.2 
0.071 -1.95 155.7 

Stock 3&4 5&6 6B 7WC 
Maximum exploitation on home ground (rh.& 0.6 0.6 0.6 0.5 
Maximum exploitation on spawning ground (r,& 0.6 0.6 0.6 0.5 
Minimum exploitation at highest catch on home ground (rh,-) 0.05 0.02 0.02 0.01 
Minimum exploitation at highest catch on spawning ground (rh.& 0.05 0.02 0.02 0.01 



Table 5: Unstandardised (Unstd) and standardired (Std, with 95% confidence intervals) year effects 
estimated from CPUE data from the Ling line fisberies in four areas. 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Unstd Std 95% CI 

Chatham Rise lLlN 3&41 
1 .oo 1.00 - 

Bountv Plateau lLIN 6B) 
- - - 

Unstd Std 95% CI 

Cam~bell Plateau 5166) 
- - - 

1.00 1.00 - 
1.34 1.28 1.09-1.50 
1.46 1.27 1.07-1.49 
1.24 0.99 0.85-1.16 
1.24 1.13 0.99-l.33 
1.07 0.93 0.79-1.1 1 
1.19 1.24 1.07-1.44 
1.04 1.07 0.91-1.26 
0.85 1.06 0.87-1.29 
1.03 1.24 1.01-1.53 

WCSI m 7WCl 
1.00 1.00 - 



Table 6: Biomass indices (t) from trawl surveys, and estimated coefficients of variation (c.v.). 

Fishstock Area Vessel Trip code Date Biomass C.V. (%) 

LIN 3&4 Chatham Rise Amaltal Explorer AW18903 Nov-Dec 1989 7 850 9 .O 

Tangaroa TAN9106 Jan-Feb 1992 8 930 5.8 
TAN9212 Jan-Feb 1993 9 360 7.9 
TAN9401 Jan 1994 10 130 6.5 
TAN950 1 Jan 1995 7 360 7.9 
TAN9601 Jan 1996 8 430 8.2 
TAN9701 Jan 1997 8 540 9.8 
TAN9801 Jan 1998 7 313 8.0 
TAN9901 Jan 1999 10310 16.1 
TAN0001 Jan 2000 8 350 7.8 
TAN0101 Jan 2001 9 350 7.5 

LIN 5&6 Campbell Plateau Amaltal Explorer EX8902 Oct-Nov 1989 17 490 14.2 
AEX9002 Nov-Dec I990 15 850 7.5 

LIN 5&6 Campbell Plateau Tangaroa TAN9105 Nov-Dec 1991 24 100 6.8 
TAN9211 Nov-Dec 1992 21 950 6.2 
TAN9310 Nov-Dec 1993 29 910 11.5 
TAN0012 Dec2000 33 030 6.9 

LIN 5&6 Campbell Plateau Tangaroa TAN9204 Mar-Apr 1992 42 330 5.8 
TAN9304 Apr-May 1993 37 540 5.4 
TAN9605 Mar-Apr 1996 32 520 7.8 
TAN9805 Apr-May 1998 30 950 8.8 

Table 7: Summary of the relative abundance series applied in the model, including source years (Years), 
coefficients of variation (cv., %), relative weightings (Weight), and the ground each series was applied to. 

Data series Years C.V. Weight Ground 

LIN 3&4 
Trawl survey (Amaltal Explorer, E X ,  Dec) 1990 35 0.5 home 
Trawl survey (Tangaroa, TAN, Jan) 1992-2001 25 1.0 home 
CPUE (longline, all year) 1990-2000 20 1.0 home 
Commercial longline length-frequency &IN 4, Jul-Oct) 1995-2000 40 0.5 home 
Commercial trawl length-frequency (Nov-May) 1991-92,1994-2000 40 0.3 home 

LIN 5&6 
Trawl survey (Amaltal Explorer, AEX, Nov) 1989-90 
Trawl survey (Tangaroa, TAN, Nov-Dec) 1992-94.2001 
Trawl survey (Tangaroa. TAN, Mar-May) 1992-93.1996.1998 
CPUE (longline. all year) 1991-2000 
Commercial longline length-frequency @?uysegur, Oct-Dec) 1993,1996,1999 
Commercial longline length-frequency (Campbell, Apr-Jun) 1998-2000 
Commercial longline proportion-at-age (Puysegur, Nov-Dec) 1999 
Commercial longline proportion-at-age (Campbell, Jun) 1999 
Commercial trawl length-frequency (Jan-Jul) 1991-96, 1998-2000 

LIN 6B 
CPUE (longline, aU year) 1992-2000 
Commercial longline length-frequency (Nov-Feb) 1996,2000 
Commercial longline proportion-at-age (Feb) 2000 

home 
home 
home 
home 

spawn 
home 

spawn 
home 
home 

home 
home 
home 

LIN 7WC 
CPUE (longline, all year) 1990-2000 20 1.0 home 
Commercial trawl proportion-at-age (MarSep) 1991,1994-2000 35 1.0 home 



Table 8: LIN 3&4 -Estimated year elass strengths, and q values for series of relative abundance indices, 
for base case and sensitivity model runs. YCS is assumed to be 1 in all years without estimates. Details of 
the relative abundance series are given in Table 7. See text for details of sensitivity runs. 

Base case 

Year class strengths 
1972 1.08 
1973 1.01 
1974 2.17 
1975 1.05 
1976 1.82 
1977 1.36 
1978 1.17 
1979 1.15 
1980 0.65 
1981 0.57 
1982 0.81 
1983 0.80 
1984 0.67 
1985 0.54 
1986 0.57 
1987 0.84 
1988 1.08 
1989 0.66 
1990 0.81 
1991 0.37 
1992 0.64 
1993 0.69 
1994 1.19 
1995 2.10 
1996 1.18 

CPUE q 0.0044 
TAN q 0.062 

rmm=O.l No spawn cv=0.35 Old select 



Table 9: LIN 5&6 - Estimated year d m  strengths, and q values for series of relative abundance indices, 
for base case and sensitivity model runs. YCS is assumed to be 1 in all years without estimates. Details of 
the relative abundance series are given in Table 7. See text for details of sensitivity runs. 

Base case 

Year class strengths 
1972 0.10 
1973 0.77 
1974 0.62 
1975 0.85 
1976 0.56 
1977 0.96 
1978 0.88 
1979 0.92 
1980 1.07 
1981 1.12 
1982 0.93 
1983 1.03 
1984 0.57 
1985 0.92 
1986 0.57 
1987 0.56 
1988 0.68 
1989 0.87 
1990 0.91 
1991 1.19 
1992 1.11 
1993 2.86 
1994 3.06 

AExq 0.043 
TAN @PI) q 0.100 
TAN (Nov-Dec) q 0.068 
CPUE q 0.0031 

No spawn 

0.08 
0.72 
0.66 
0.74 
0.57 
0.95 
0.80 
0.87 
1.05 
1.09 
0.86 
0.98 
0.58 
0.84 
0.57 
0.54 
0.59 
1.00 
0.48 
1.79 
1.14 
2.57 
3.67 

0.044 
0.108 
0.071 

0.0045 



Table 10: LIN 6B -Estimated year class strengths, and q values for series of relative abundance indices, 
for base case and sensitivity model runs. YCS is assumed to be 1 in all years without estimates. Details of 
the relative abundance series are given in Table 7. See text for details of sensitivity runs. 

Base case 

Year class strengths 
1968 4.01 
1969 2.63 
1970 0.10 
197 1 0.15 
1972 2.19 
1973 0.10 
1974 1.79 
1975 0.01 
1976 0.01 
1977 0.19 
1978 0.12 
1979 0.09 
1980 0.11 
1981 0.15 
1982 0.23 
1983 1.17 
1984 0.81 
1985 0.83 
1986 0.09 
1987 0.78 
1988 0.10 
1989 2.82 
1990 1.45 
1991 1.75 
1992 2.16 
1993 2.99 
1994 0.29 

CPUE q 0.103 

No spawn 



Table 11: LIN 7WC - Estimated year class strengths, and q values for series of relative abundance 
indices, for base ease and sensitivitg model rons YCS is assomed to be 1 in an years without estimates. 
Details of the relative abundance series are giveninTable 7. See text for details of sensitivity runs. 

Base case 

Year class strengths 
1972 0.48 
1973 0.48 
1974 0.70 
1975 0.97 
1976 0.74 
1977 1.37 
1978 1.14 
1979 0.78 
1980 1.38 
1981 0.65 
1982 1.06 
1983 0.74 
1984 1.23 
1985 0.77 
1986 1.24 
1987 1.26 
1988 1.16 
1989 1.69 
1990 0.41 
1991 0.70 
1992 0.45 
1993 0.56 
1994 3.12 

CPUE q 0.063 

No spawn 

0.45 
0.39 
0.68 
0.92 
0.92 
1.39 
1.17 
0.83 
1.41 
0.70 
1.10 
0.77 
1.28 
0.78 
1.28 
1.35 
1.10 
1.93 
0.23 
0.70 
0.4 1 
0.56 
2.77 

0.068 

Table 12: Estimated base case fisbing selectivities, by ground (Home, Spawning), fishing method, 
Fishstock, and sex (M, male; F, female). AU pairs of ogives (i.e., male and female from a particular fishery) 
are standardised so that selectivity of males at age 20 is 1. 

Home 
Trnwl Inndine 

' 3 8 4  586 7WC 38r4 6B 
M F M F M F  M F M F M F  



Nus. 

Estimate 

Bo 

Model run 

Base case 
M-0.04 
M+O.04 
rm,=O.l 
No spawn 
cva.35 
Old select 

Base case 
M-0.04 
M+O.04 
r,, = 0.1 
No spawn 
~ ~ 0 . 3 5  
Old select 

Base case 
M-0.04 
M+O.04 
I,, = 0.1 
No spawn 
c d . 3 5  
Old select 

Bounds @,in - B& best k 

104 560 
121 290 
90 960 
80 240 

105 530 
104 190 
104 770 

14.2 
12.8 
12.9 
12.1 
2.9 

13.2 
13.4 

11.5 
9.5 

11.0 
10.0 
3.6 

11.2 
11.8 

MIAEL Perf. (%) 

Table 13: LIN3&4 - MIAEL least squares (Mkq) and best k estimates of biomass, and MIAEL 
estimates of p, biomass m) and pertormanee indices (Perf.). Biomass estimates and bounds are in 
tonnes for Bo, and expressed as a percentage of virgin biomass for Bda See text for details of sensitivity 

Table 14: LIN 5&6 - MIAEL least squares (M.lsq) and best k estimates of biomass, and MIAEL 
estimates of p, biomass (MIAEL) and performance indices (PerE.). Biomass estimates and bounds are in 
tonnes for Bo, and expressed as a percentage of virgin biomass for Bdd. See text for details of sensitivity 
runs. 

Estimate Model run 

Bo Base case 
M-0.04 
M+0.04 
No spawn 

Bmidzm Base case 
M-0.04 
M4.04 
No spawn 

Bmid2mz Base case 
M-0.04 
M4.04 
No spawn 

Bounds @&- B& best k 

118 160 
134 790 
103 850 
111 760 

27.0 
20.7 
30.8 
6.7 

35.9 
24.8 
41.9 
3.5 

MIAEL Ped (%) 



Table 15: LIN 6B - MIAEL least squares (M.lsq) and best k estimates of biomass, and MIAEL estimates 
of p, biomass (MIAEL) and performance indices (Perf.). Biomass estimates and bounds are in tonnes for 
Bo, and expressed as a percentage of virgin biomass for Bd+ See text for details of sensitivity rom. 

Estimate 

Bo 

Model tun 

Base case 
M-0.04 
M+0.04 
No spawn 

Base case 
M-0.04 
M+0.04 
No spawn 

Base case 
M-0.04 
M 4 . 0 4  
No spawn 

Bounds &, - B,) best k 

14 210 
14 240 
15 190 
12 540 

22.1 
22.4 
31.1 
49.2 

17.8 
12.2 
34.1 
53.8 

Perf. (96) 

56 
49 
60 
42 

94 
88 
95 
87 

93 
87 
95 
87 

Table 16: LIN 7WC - ML4ELleast sqoares (M.1s.q) and best k estimates of biomass, and MIAEL 
estimates of p, biomass (MIAEL) and performance indices (Perf.). Biomass estimates and bounds are in 
tonnes for Bo, and expressed as a percentage of virgin biomass for Bd+ See text for details of sensitivity 

Bo Base case 
M-0.04 
M 4 . 0 4  
r- = 0.02 
No spawn 

Bmiml Basecase 
M-0.04 
M 4 . 0 4  
rm = 0.02 
No spawn 

Bmid2m Base case 
M-0.04 
M+0.04 
r,, = 0.02 
No spawn 

. 
Tom. 

Estimate Model run Bounds (B&- B,J best k 

48 170 
54 920 
49 220 
36 700 
57 710 

28.1 
25.5 
26.9 
25.6 

6.1 

23.8 
19.9 
23.5 
21.5 
4.8 

MIAEL Perf. (%) 



Table 17: Base ease MIAEL estimates and performance indices (Perf.) of B M ~  (as % of Bo), MCY (as % 
of Bo) and MCY (t), and Bnuy (as % of BQ), hlAY (as % of BQ), CAY (t), and the MIAEL least squares 
estimate of CAY (M.lsq). 

Fishstock 

LIN 3&4 
LIN 5&6 
LIN 6~ 
LIN 7WC 

Fishstock 

LIN 3&4 
LIN 5&6 
LIN6B 
LIN7WC 

MCY (t) 

8 230 
9 850 

830 
2 500 

CAY (t) 

13 560 
23 990 

1 420 
3 290 

Range (t) Perf. (%) 

Perf. (%) 

77 
75 
66 
42 



Figure 1: Area of Fishstocks LIN 3,4,5,6, and 7. Adjacent ling fishstock areas are also shown, as is the 
1000 m isobath. The boundaries used to separate biological stock LIN 6B from the rest of LIN 6, and the 
west coast South Island section of LIN 7 from the Cook Strait section, are shown as broken lines. 
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Figure 2: Raw length-frequency data, collected by observers, of ling caught in trawl fisheries targeting 
either scampi or all other species (non-scampi), on the Chatham Rise or CampbeU Plateau, separately by 
sex over all available years. n, number of fish measured. 



Year class 

Figure 3: Age-frequency distributions (by year class) of ling caught on the Boy~ty Plateau (LIN 6B) in 
1984 (trawl survey), 1990-92 (commercial and research trawl), and 1993 and 2000 (commercial longline). 
The 2000 longline sample is from a single commercial trip and is presented as a proportion-at-age 
distribution (where the scaled length-frequency data were applied to an age-length key derived from the 
trip sample). n, number of aged fish. 
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Figure 4: Base case least squares model fits (solid lines) to the series of observed longline CPUE indices 
(filled circles) from the four assessed ling stock;. Estimates of q for each series are shown on the plots. 



Figure 5: LIN 3644 summer .@awl survey series (1990-2001), observed proportion-at age or numbers-at- 
age (faed circles), and base case model fits to these data (solid lines), by sex and year. 1990 survey was by 
Amaltal Explorer, and 1992-2001 surveys wereby Tangma. Estimated Tangaroa survey q is 0.062. 
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Figure 5 (cont): LIN 3&4 summer trawl survey series. 
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Figure 6: LlN 4 commercial longline, observed proportions-at-length in 5 cm bins (filled circles), and 
model fits to these data (solid lines), by sex and year (1995-2000). 
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Figure 7: LJN 3&4 commercial trawl, observed proportions-at-length in 3 cm bins (filled circles), and 
model fits to these data (solid lines), by sex and year (1991-2000). 
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Figure 7 (cant): LIN 3&4 commercial trawl proportion-at-length series. 
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Figure 8: LIN 5&6 autumn Tangaroa trawl survey series, observed numbers-at-age (filled circless), and 
model fits to these data (solid lines), by sex and year. Estimated survey q is 0.100. 
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Figure 9: LEY 5&6 summer trawl survey series, observed numbers-at-age (Nled circles), and model fits to 
these data (solid lines), by sex and year, 1990 survey was by Amaltal Explorer, and 19922001 surveys 
were by Tangaroa. Estimated Tangaroa survey q is 0.068. 
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Spawning ground 

Figure 10: LIN 5&6 commercial longline, observed proportions-at-age (tilled circles), and model fits to 
these data (solid lines), by sex and year. Data are from the Campbell Plateau in the non-spawning season, 
and the Puysegur Bank in the spawning season. 
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Figure 11: LIN 5&6 commercial longline on the home ground, observed p r o p o r t i o t l s - a t e  in 5 cm 
bins (filled circles), and model fits to these data (solid lines), by sex and year. 
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Figure 12: LIN 5&6 commer,cial longline on the spawning ground, observed proportions-at-leu& in 5 cm 
bins (filled circles), and model fits to these data (solid lines), by sex and year. 
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Figure 13: LIN 5&6 commercial trawl, observed proportions-at-length in 3 cm bins (filled circles), and 
model fits to these data (solid Lines), by sex and year (1991-2000). 
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Figure 13 (cont): LIN 5&6 commercial trawl proportion-at-length series. 
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Figure 14: LIN 6B commercial longline, observed proportions-at-age (filled circles), and model fits to 
these data (solid lines), by sex and year. 
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Figure 15: LIN 6B commercial longline, observed proportions-at-length in 5 cm bins (ffled circles), and 
model fits to these data (solid lines), by sex and year. 
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Figure 16: LIN 7WC winter commercial trawl bycatch, observed proportions-at-age (filed circles), and 
model fits to these data (solid lines), by sex and year (1991-2000). 
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Figure 17: LIN 3844 estimated fishing selectivitg ogives, by sex, for the commercial trawl and longline 
fisheries on the home ground, and for the summer trawl survey. 
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Figure 18: LIN 5&6 estimated fishing selectivity ogives, by sex, for the commercial trawl fishery o n  the 
home ground, the commercial longline fisberies on the home and spawning grounds, and the summer and 
autumn trawl surveys combined. 
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Figure 19: LIN 68 estimated fishing selectivity ogives, by sex, for the commercial longtine fishery on the 
home ground. 
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Figure 20: LIN 7WC estimated fishing selectivity ogives, by sex, for the commercial trawl fnhery on the 
home ground. 
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Figure 21: Biomass trajectories for minimum (Bdd and maximum @A estimates of virgin biomass, for 
the base case assessments of LIN 3&4, LIN 5&6, LIN 6B, and LIN 7WC. MIAEL estimates of and 
Bdmom are indicated by Wled and open circles respectively. Horizontal broken lines indicate Bmy. 



Appendix A: New calculated catch-at-age distributions for ling 

Table Al: Calculated numbers at age, separately by sex, with c.vs, for Ling caught during a trawl survey 
of the Chatham Rise in January 2001 (survey TANO101). Summary statistics for the samples are also 
presented. 

I 
Age Male C.V. Female C.V. 

Measured males 1 145 
Measured females 1084 
Aged males 312 
Aged females 341 
No. of shots 108 
Mean weighted C.V. (sexes pooled) 18.9 



Table A 2  Calculated numbers at age, separately by sex, with cvs, for ling caught during trawl surveys of 
the Campbell Plateau in November-December 1993 (survey TAN9310) and November-December 2000 
(survey TAN0012). Summary statistics for the samples are also presented. 

Male 

0 
0 

102 794 
404 140 
474 824 
359 851 
342 836 
377 613 
383 033 
289 791 
208 113 
300 772 
218 355 
247 405 
276 853 
118 881 
138 680 
120 582 
15 474 
27 485 
12 580 
32 006 
37 718 
16 062 
12 987 

0 
22 685 
I6 062 

0 
0 
0 
0 
0 
0 
0 

12 987 

C.V. 

0.000 
0.000 
0.45 1 
0.190 
0.178 
0.230 
0.239 
0.228 
0.211 
0.255 
0.295 
0.245 
0.290 
0.260 
0.266 
0.354 
0.327 
0.359 
0.919 
0.748 
1.029 
0.782 
0.603 
1.058 
0.998 
0.000 
0.985 
1.058 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.998 

TAN9310 
Female C.V. 

Measured males 1566 
Measured females 1960 
Aged males 247 
Aged females 346 
No. of shots 128 
Mean weighted C.V. (sexes pooled) 25.4 

TAN0012 
Male C.V. Female C.V. 



Table A3: Calculated numbers at age, separately by sex, with cvs,  for ling caught during commercial 
longline operations on the Bounty Plateau and the Puysegur Bank, during the 1999-2000 Ghing year. 
Summaq statistics for the samples are also presented. 

Bountv Plateau 
Age Male C.V. Female C.V. 

Measured males 
Measured females 
Aged males 
Aged females 

i NO. of shots 
I 
! Mean weighted C.V. (sexes pooled) 25.3 

Puvseeur Bank 
Male C.V. 

0 0.000 
0 0.000 
0 0.000 
10 1.637 
324 0.710 
605 0.692 

3 511 0.252 
3 227 0.249 
3576 0.252 
2656 0.294 
2 840 0.258 
2052 0.314 
2 356 0.258 
3 347 0.223 
1641 0.321 
1251 0.384 
1928 0.285 
3 179 0.230 
2207 0.275 
1 110 0.372 
1379 0.309 
542 0.505 
486 0.592 
834 0.414 
368 0.698 
545 0.513 
158 0.929 
273 0.607 
0 0.000 
0 0.000 

139 1.008 
188 1.120 
0 0.000 
0 0.000 

Female C.V. 



Table A4: Calculated numbers at age, separately by sex, with cvs, for ling caught during commercial 
trawling operations off WCSI in June-September 2000. Summary statistics for the samples are also 
presented. 

Age Male C.V. 

Measured males 
Measured females 
Aged males 
Aged females 
No. of shots 
Mean weighted C.V. (sexes pooled) 

Female C.V. 


