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EXECUTIVE SUMMARY 

Horn, P.L. (2005). Stock assessment of ling (Genyptem blacodes) on the Chatham Rise &IN 3 and 
4) and off the west coast of the South Island &IN 7) for the 2004-05 fishing year. 

New Zealand Fisheries Assessment Report 2005/6.49 p. 

Ling in QMAs 3-7 and part of QMA 2 are treated as five biological stocks for assessment purposes: 
Chatham Rise (LIN 3 and LIN 4). Campbell Plateau and Stewart-Snares shelf (LIN 5, and LIN 6 west 
of 176" E), Bounty Plateau &IN 6 east of 176" E), west coast South Island (LIN 7 west of Cape 
Farewell), and Cook Strait (those parts of LIN 2 and LIN 7 making up statistical areas 16 and 17 in 
Cook Strait). These stocks are subsequently referred to as LIN 38.54, LIN 5&6, LIN 6B. LJN 7WC, and 
LIN 7CK, respectively. 

New model input data for all stocks are reported here. Updated Bayesian assessments are presented for 
LIN3&4 and LJN7WC, implemented as a two stock model using the general-purpose stock 
assessment program CASAL -42.01. The assessments incorporated all relevant biological parameters, 
the commercial catch histories, updated CPUE series, and series of catch-at-age and catch-at-length 
data. The model structure allows the input of catch histories and relative abundance indices 
attributable to different fishing methods, seasons, mas, and stocks. 

The status of the west coast South Island ling stock (LEV 7WC) is poorly known, primarily because 
the assessment is driven by trawl fishery catch-at-age data moderated by CPUE indices that may not 
reliably index abundance. It is not known if recent landings and the current TACC 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 stock assessment model results do not provide reliable estimates of current biomass as a 
percentage of Bh but at least one of the model NUS is clearly too pessimistic. The relatively constant 
catch history since 1989, relatively flat CPUE indices, and relatively low estimates of F from the catch 
curve all suggest that future catches at the current level are probably sustainable, at least in the short 
term. There are no reliable estimates of yield for the LIN 7WC stock 

In contrast, the stock status of ling on the Chatham Rise &IN 3 W )  appears to be reasonably well 
determined. The biomass was estiinated to have reached its minimum level of about 49% of Bo in 
2001 after increased levels of exploitation following the development of the auto-line fishery. 
However, recent reductions in catch and the recruitment of some relatively stmng year classes have 
resulted in a stock recovery. Current biomass from the base case model run is estimated to be 58% Bo, 
with a 95% credible interval (0 of 5245%. At current catch levels, projected biomass in 2009 is 
estimated to have increased to 69% Bo (5841% CI). Sensitivity analyses gave similar results to the 
base case run. All estimates of MCY are greater than the combined TACCs for the LlN 3 and LIN 4 
stocks. 



1. INTRODUCTION 

This document reports the results of Objective 2 of Ministry of Fisheries Project LIN2003101. The 
project objectives were as follows. 

1. To update the standardised catch and effort analyses from the ling longline and trawl bycatch 
fisheries in LIN 3 & 4, 5 & 6, and 7, with the addition of data up to the end of the 2002-03 
fishing year. 

2. To update the stock assessments of ling in LIN 3 & 4.5 & 6, and7, including estimating biomass 
and yields. 

3. To collate the available information from scientific observers logbooks on the operation of the 
ling longline fishery up to 2002-03. 

The results from Objective 1 have been reported by Horn (2004~) and from Objective 3 b; Horn 
(2004b). 

Ling are managed as eight administrative QMAs, although five of these (LIN 3,4,5,6, and 7) (Figure 
1) currently produce about 95% of landings. Research has indicated that there & at least four major 
biological stocks of ling in New Zealand waters (Horn & Cordue 1996): the Chatham Rise, the 
campbell Plateau (including the Stewart-Snares shelf and Puysegur Bank), the Bounty Platform, and 
the west coast oft& South Island. The stock afhity of ling in Cook Strait is unknown. 

In the stock assessment process, five biological stocks of ling are recognised in New Zealand waters, 
defined as follows: Chatham Rise (TAN 3 and LIN 4), Campbell Plateau and StewartSnares shelf 
&IN 5, and LIN 6 west of 176" E), Bounty Plateau (LIN 6 east of 176" E), west coast South Island 
(LJN 7 west of Cape Farewell), and Cook Strait (those parts of LIN 2 and LJN 7 making up statistical 
areas 16 and 17 in Cook Strait). These stocks are referred to as LIN 3&4, LIN 5&6, LIN 6B, 
LIN 7WC, and LIN 7CK. respectively. The most recent assessments of all these stocks were reported 
by Horn & Dunn (2003) and Horn (2004a). Although objective 2 of this project is to assess ling in 
LIN 3, 4, 5, 6, and 7, there was an understanding that not all stocks would be assessed, and that the 
stocks m be assessed would be determined by the Middle Depth Species Fishery Assessment Working 
Group. LIN 3&4 and LIN TWC were the fishstocks chosen for full assessment. However, input files 
for all stocks were updated where possible (i.e., catch histories, CPUE series, catch-at-age, and catch- 
at-length). 

The current assessments used CASAL v2.01, a generalised age- or length-structured fish stock 
assessment model (Bull et al. 2003). The LIN 3&4 assessment incorporates new catch-at-age and 
catch-at-length data, and an updated longline CPUE series. The LIN TWC assessment incorporates 
new catch-at-age data, and updated line and trawl CPUE series. For the first time for ling, the 
assessment of these two stocks was implemented as a two stock model. Estimates of ling biomass 
from a trawl survey off WCSI in 2000 are also presented, but were not used in the modelling process. 



Figure 1: Area of Fishstocks LIN 3,4,5,6,  and 7. Adjacent ling fishstock area. 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 Wand section of LIN 7 from the Cook Strait section, are shorn as broken lines. 

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 longline 
fishery developed, with a resulting increase in landings from LIN 3, 4, 5, and 6 Fable 2), although 
since about 2000 there has been a decline in the line catch in most areas. 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 (Horn 2001). In the west coast South Island section of LIN 7, about two- 
thirds of ling landings are taken as a trawl bycatch, primarily of the hoki fishery. In Cook Strait, about 
75% of ling landings are taken as a bycatch of the hoki trawl fishery, with the remaining landings 
generally made by the target line fishery (Horn 2001). 

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 allow any 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. Following a decline in 



catch rates (as indicated fmm the analysis of longline CPUE data) and assessment model results 
indicating that current biomass was about 25-30% of Bo, the TACCs for LIN 3 and LLN 4 were 
reduced to 2060 t and 4200 t, respectively, from 1 October 2000. The sum of these values was at the 
level of the combined CAY estimate of 6260 t for LIN 3&4 from Horn et al. (2000). Also under the 
AMP, the TACC for LIN 1 was increased to 400 t from 1 October 2002, within an overall TAC of 
463 t. 

TACCs for LJN 5 and 6 have been increased by about 20% to 3600 t and 8500 t, respectively, from 
1 October 2004. This follows an assessment (Horn 2004a) indicating that current levels of exploitation 
have had little impact on the size ofthe Campbell Plateau stock 

The TACC for LIN 7 has been consistently excseded throughout the 1990s, sometimes by as much as 
50%. It is strongly believed that landings of ling by trawlers off the west coast of South Island (WCSI) 
were under-reported in fishing years 1989-90 to 1992-93; an adjusted catch history is presented in 
Table 2. Durn (2003a) investigated the extent of likely misreporting of hake from HAK 7 to other 
hake stocks from 1989-90 to 2000-01, and he extended this investigation to ling @urn 2003b). He 
concluded that any misreporting from LIN7 to LIN 5&6 was minimal, but that the levels of 
misreporting from LIN 7 to LIN 3&4 could have been about 250-400 t annually in the three fishing 
years fiom 1997-98 to 1999-2000. However, the accuracy of these estimates is unknown. 

Table 1: Reported landings (t) from 1975 to 1987-88. Data from 1975 to 1983 from MAF; data from 
1985-84 to 1985-86 from FSU; data from 1986-87 and 1987-88 from QMS. 

. . 
en 1- 

New Zcaland Lonslinc Trawl 
FshingYcar Domestic Charted Total (JapmcKora) lappan Korea USSR Total 
1975' 486 0 486 9269 2180 0 0 11499 
1W6* 447 0 447 19 381 5 108 0 1300 2.5789 
1977* 549 0 549 28 633 5 014 200 700 3 4 x 7  
1978-79# 6578 24 681 89M 3151 133 452 12640 
1979-8W 915' 2598 3 513 3 501 3 856 226 245 7 828 
1980-81# 1028' - - - - - - - 
1981-8% 1581' 2423 40W 0 2087 56 247 2 391 
1982-83# 2 1358 2 501 4636 0 1256 27 40 1322 
1983t 2 695. 1523 4218 0 982 33 48 1 063 
19834% 2 705 2500 5205 0 2145 173 174 2491 
19844% 2 646 2 166 4812 0 1934 77 130 2 141 
1985-868 2 126 2948 5074 0 2050 48 33 2 131 
1986-875 2 469 3 177 5 646 0 1261 13 21 1 294 
1987-888 2 212 5 030 7 242 0 624 27 8 659 

* Calcodar ycsrs (1978 to 1983 fordomcstic vcssds only). 
# 1AprilU131March. 
5 1 Cktto3O S e p ~  

Grand 
total 



Table 2: Reported landings (t) of ling by Fishstock from 1983-84 to 200203 and actual TACCs (t) from 
1986-87 to 200203. Estimated landinm for LIN 7 from 1987-88 to 1992-93 include an adjustment for 
ling bycatch of hoki trawlers, based onrecords from vessels carrying observers. 

QMA 6) las 
Landings TACC 

Landings TACC 
1983-84. 869 

* FSU data 
# OMS dam 

LIN 2 
2 

Landings TACC 

LIN3 
3 

Landings TACC 
1306 - 
1067 - 
1243 - 
1311 1850 
1562 1909 
1665 1917 
1876 2 137 
2419 2160 
2430 2160 
2246 2 162 
2171 2 167 
2679 2810 

m.4 4 
Landings TACC 

352 - 
356 - 
280 - 
465 43W 
280 4400 
232 44W 
567 4401 

2372 '4401 
4716 4401 
4100 4401 
3920 4401 
5 072 5720 

LlN 10 

1in5 
5 
Landings TACC 

2605 - 
1824 - 
2089 - 
1 859 25od 
2213 2506 
2375 2506 
2277 2706 
2285 2706 
3863 2706 
2546 2706 
2460 2706 
2557 3 001 

7&8 d Total 
Reposed Estimated 
Landings Landings TACC Landings TACC 

1552 - - 0 
TACC - 

- 
- 

18 730 
18 988 
19 175 
19 672 
19 711 
19 711 
19 737 
19 741 
22 111 
22 111 
22 113 
22 113 
22 113 
22 113 
19 843 
19 843 
19 978 

3 &ludss landiogd fmm unhommas bcfm 1986-87, and anas outside the EEZ since 1995-96. 



3. RESEARCH RESULTS 

New catch-at-age distributions from the following samples are presented in Appendix A. 

LIN 3&4: Trawl survey, Jan 2004 
LIN 3&4: CommerciaI longline, Jul-Oct 2003 
LIN 5&6: ~ k w l  survey, Dec 2003 
LIN 5&6: Commercial longline (spawning fishery), Oct-Dec 2002 
LIN 5&6: Commercial longline (non-spawning fishery), Feb-Jul2003 
LIN 5&6: Commercial trawl, Jan-Jul2003 
LIN 7 (WCSJJ: Commercial trawl, Jun-Sep 2003 
Cook Strait: Commercial trawl, JunSep 2003 

The mean weighted c.v.s for these samples ranged from 19 to 29%. all lower than the target of 30%. 

Otoliths from all the commercial fishery samples were collected by observers, with the Cook Strait 
sample being augmented by some shed sampling. Otoliths from each sample were selected, prepared, 
and read as follows. Otoliths (for each sex separately) from each 1 cm length class were selected 
proportionally to their occurrence in the scaled length frequency, with the constraint that the number 
of otoliths in each length class (where available) was at least one. In addition, all otoliths from fish in 
the extreme right hand tail of the scaled length frequency (i.e., large fish constituting 2% of that length 
frequency) were fully sampled This provides a sample with a mean weighted C.V. over all age classes 
similar to that from proportional sampling, but will do better than uniform sampling for the older age 
classes. Otoliths were prepared and read using the validated ageing method of Horn (1993). Catch-at- 
age and catch-at-length estimates scaled to the commercial catch by stratum were produced using the 
'catch.at.age' software developed by NIWA (Bull & Dunn 2002). The software scales the length 
frequency of fish from each landing up to the landing weight, sums over landings in each stratum, and 
scales up to the total stratum catch, to yield length frequencies by stratum and overall. An age-length 
key is constructed from otolith data and applied to the length frequencies to yield age frequencies. The 
precision of each length or age frequency is measured by the mean weighted c.v., which is calculated 
as the average of the c.v.s for the individual length or age classes weighted by the proportion of fish in 
each class. Coefficients of variation are calculated by bootstrapping: fish are resampled within each 
landing, landings are resampled within each stratum, and otoliths are simply randomly resampled. 

No catch-at-age data were available from the commercial trawl fishery on the Chatham Rise 3U);  
the selectivity ogive for this fishery has previously been derived h m  numbers-at-length data (Horn & 
Dunn 2003). However, because the von Bertalanffy curves are relatively flat for ling older than about 
14 years, the model cannot accurately determine the likely age of larger fish. Hence, the resulting 
ogives are poorly defined for fish older than about 14 years (Horn & Dunn 2003). The catch-at-length 
series has used data collected from November to May each year; this has been the period of most 
consistent observer coverage since the 1991-92 fishing year. Trawl surveys have been completed 
annually in the approximate middle of the November to May period (i.e., January), and samples of 
otoliths from these surveys have already been aged. Consequently, the length distributions from the 
trawl fishery since 1991 were applied to the corresponding trawl survey age-length key to produce 
estimates of numbers-at-age from the trawl fishery. A similar application of trawl survey age-length 
keys to commercial trawl length distributions was previously conducted on the LIN 5&6 stock, and 
produced more logical ogives than those derived solely from numbers-at-length data (Hom 2004a). It 
is assumed that any disadvantages from this process owing to differences between commercial and 
survey fishing gear will be outweighed by the better fitting of ogives to numbers-at-age, rather than 
numbers-at-length, data. 



The initial formulation of series of numbers-at-length for ling fromvarious trawl and longline fisheries 
was described by Horn (2002). These series are included in the stock assessment model where a lack 
of age data precludes their input as catch-at-age. In the present assessment, the catch from all the 
major trawl fisheries (i.e., LIN 3&4,5&6,7WC, and 7CK) could be converted into catch-at-age. 

Previous length-frequency series for the longline fisheries have been derived using data from a 
logbook scheme set up in 1995 by SeaFIC (described by Langley 2001). SeaFIC logbook data were 
used to update the longline series for the 2002-03 fshing year. Data provided by SeaFIC from 
sampled sets in each fishery had simply been combined to produce distributions by sex; no scaling had 
been conducted. Series from the following fisheries were derived for use as model inputs: 

Chatham Rise &IN 4 only) -June to October 2003 
Puysegur (part of LIN 5) - October to December 2002 
PukaWCampbeU @art of LIN 6) -March to July 2003 
Bounty Plateau @art of LIN 6) -November 2002 to February 2003 

3.3 WCSI trawl survey biomass 

No fishery-independent data are available for incorporation into the WCSI ling assessment. However, 
a combined acoustic and trawl survey of the hoki fishing grounds off WCSI was conducted in winter 
2000 (O'DriscoU et al. 2004). The acoustics component of the survey covered depths between 300 and 
650 m, from 40' 45' S to about 43' 20' S mgure 2). However, the random bonom trawl component of 
the survey covered only the two strata north of the Hokitika Trench (i.e., north of about 42O 24' S). 
The bonom trawl gear used was the same as is used in the trawl surveys of hoki and middle depth 
species on the Chatham Rise and Campbell Plateau. Hence, the values of trawl catchabiity (q) for ling 
from the surveys in all thee areas would be expected to be quite similar. 

While the estimate of ling biomass from strata 1,2, and 4 is relatively precise (i.e., C.V. = 17%), ling 
from the WCSI stock are clearly distributed to the north and south of the surveyed area, and also 
inshore of the 300 m contour (Horn 2001). It is also apparent from a CPUE analysis of the ling 
bycatch from the hoki target fishery that catch rates of ling (and, presumably, relatiie abundance of 
ling) vary with latitude (Horn 2004~). The CPUE analysis P i m e  3) indicates that, relative to the area -. . 
of the trawl survey (40; 45' to 42' 24' S), ling are about 3 times abundant in the Hokitika Trench 
(strata 5A and 5B, -42O 24' S), and about 1.5 times as abundant in the surveyed area to the south 
(strata 6 and 7.42' 40' to 43' 20' S). 

Based on the estimate of biomass from the trawl survey, and estimates of surface area in depths of 200 
to 650 m between 40" and 45O S, and making assumptions from the CPUE analysis about the relative 
abundance of ling in different strata, it is possible to construct 'trawl survey' biomass estimates for the 
entire WCSI ling stock. The mean ling biomass density from the two surveyed northern strata is 
0.22 t/km2. A 'minimum' survey biomass estimate was derived assuming ling occurred at this density 
in the strata not surveyed by trawl and in dl areas south and inshore of the surveyed areas, and at half 
this density (i.e., 0.11 tkm2) in the northern unsurveyed area. Data h m  inshore trawl surveys and the 
catcheffort database suggest that ling abundance is lower in the northern unsurveyed area than in 
areas south of about 41' S (author's unpublished data). A more 'likely' survey biomass was derived 
assuming densities similar to those used for the 'minimum' estimate, except in strata 5,6, and 7 where 
they were increased by the CPUE factors noted above. Calculation of these two biomass estimates is 
shown in Table 3. These estimates are not used in the modelling process, but are compared to the 
model results. 



Figure 2: Stratum boundaries for the 2000 acoustic survey of hold off WCSI, and the catch rates of ling in 
daytime random bottom trawls camed out in Strata 1&2 and 4 (from O'Driscoll et aL 2004). 

3 
5 4 -  
% 
$ 3 -  

2 2- 
3 ~ - m  z .- - 

I . . 
9 . . . 

+ 03 I 

rr 40.50 41.03 41.25 41.50 41.75 42.00 42.25 4250 42.75 

Latitude bin 

Figure 3: Expected relative catch rate of ling bycatch iu the WCSI hold target fishery, by latitude bin, as 
determined from a CPUE analysis of data collected by fishery observers. 



Table 3: Estimates of ling relative biomass, by area, for the WCSI stock in winter 2000. 

Area definition Area m) 
Stratal &2 3 786 
SttaNm 4 2 833 
Stratum 5 783 
Strata6&7 2 443 
200-300 m 2 400 
Southern unsurveyed 350 
Northern unsurveyed 7 500 
Total 

'Minimum' biomass 
Density (t/kmZ) Biomass (t) 

'Likelv' biomass 
Density ( t h Z )  Biomass (t) 

3.4 WCSI fishing mortality estimation 

Ling catch-at-age distributions are available from the trawl fishery targeting hoki off WCSI in 1991 
and 1994-2003. It was considered useful to derive estimates of instantaneous fishing mortality (F) 
from each of these years, by calculating total mortality (2) and subtracting the currently accepted value 
of natural mortality (M) of 0.18. 'Estimates of instantaneous total mortality were derived using the 
Chapman-Robson estimator 

where a is the mean age above recruitment age and n is the sample size (Chapman & Robson 1960). 
For this estimator, age at recruitment is the age at which 100% of fish are vulnerable to the sampling 
method (rather than the often used age at 50% recruitment). So if the age at full selectivity is 11, then 
the mean (a) is created using age-11 for each fish in the sample. A frequency distribution of the 
calculated catch-at-age data from all years combined indicated that male ling at age 11 and female ling 
at age 13 were fully selected by the fishery 4). Subsequent estimates of F (i.e., assuming M = 
0.18) were calculated each year for males, females, and both sexes combined (Figure 5). Estimated F 
exhibits an increasing trend from 1991 to 2003; Fin 2003 is two to three times greater than it was in 
1991. However, it could also be interpreted that F has been relatively constant at about 0.14 since 
1998. 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 

Pge (years) 

Figure 4: Percentage frequency distribution, by sex, of aU the ling catch-at-age samples from the WCSI 
trawl f ~ h e r y  in 1991 and 1994-2003. 



Note that these F estimates rely on the assumption that all fish above recruitment age are equally 
vulnerable to the fishing gear, and that M and recruitment have been constant. Estimated year class 
strengths before 1992 (i.e., the year classes used in this analysis) are relatively trendless (see Section 
5.2), and there is no reason to believe that M would have varied markedly during the period 
investigated. However, there is less confidence that a l l  fish above recruitment age are equally 
vulnerable to the trawl (see Section 5.2). It is noted that, in most years, the estimated F for males is 
higher than that for females @gun: 5). Because F would be expected to be reasonably constant 
between sexes, it is hypothesised that M for males is higher than for females (rather than being 
constant at 0.18 for both sexes). This is as would be expected for temperate teleost fishes. From a 
fishe~y management perspective, it is also pleasing that estimates of F for both sexes combined are 
lower than the assumedM in all years. 

Figure 5: Estimates of instantaneous fishing mortality (0 by year, for males, females, and both sexes 
combined. 

4. MODEL INPUTS, STRUCTURE, AND ESTIMATION 

4.1 Model input data 

Estimated commercial landings histories for the five stocks are listed in Table 4. The split between 
method (and pre-spawning and spawning seasons for the LIN 5&6 longline fishery) from 1983 to 
2003 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 anecdotal information of fishing 
patterns at the time, as no qualitative information is available. 

Estimates of biological parameters and of model parameters used in the assessments are given in Table 
5. M was derived by Horn (2000). The maturity ogive represents the proportion of fish (in the virgin 
stock) that are estimated to be mature at each age. Ogives for LIN 3&4, LIN 5&6, and LIN 7WC were 
derived h m  gonad stage data (see Horn et al. 2M)O and Horn & Dunn 2003). The LIN6B and 
LIN 7CK ogives are assumed to be the same as for LIN 3&4 and LIN7WC, respectively, in the 
absence of any data to otherwise determine them. The proportion spawning was assumed to be 1.0 in 
the absence of data to estimate this parameter. A stock-recruitment relationship (Beverton-Holt, with 
steepness 0.9) was assumed. Variab'ity in the von Bertalanffy age-length relationship was assumed to 
be lognormal with a constant c.v. of 0.1. 

Standardised CPUE series (see Horn 2004~) are listed in Tables 6 and 7. CPUE indices were used as 
relative biomass indices, with associated c.v.s estimated from the generalised linear model used to 
estimate relative year effects. Series of research trawl survey indices were available for LIN 3&4 and 
LIN 5&6 (Table 8). Biomass estimates from the trawl surveys were used as relative biomass indices, 
with associated c.v.s estimated from the survey analysis. 



All the trawl survey catch data were also available as estimates of catch-at-age. For 7WC, 11 
years of commercial trawl catch-at-age data were available. For LIN 3&4, LIN 5&6, LIN 6B, and 
LIN 7CK, various series of catch-at-age and catch-at-length data from the commercial trawl and 
longline fisheries were available. Catch-at-age data were fitted to the model as proportions-at-age, 
where estimates of the proportions-at-age and associated c.v.s by age were estimated using the NIWA 
catch-at-age software by bootstrap (see Section 3.1). Zem values of pmpottion-at-age were replaced 
with 0.0001. This replacement was because zero values cannot be used with the assumed error 
distribution for the proportions-atdata (i.e., lognormal). Ageing error for the observed proportions-at- 
age data was assumed to have a discrete normal distribution with c.v.s as defined in Table 5. The c.v.s 
varied between stocks because of perceived differences between stocks in the difficulty of reading 
otoliths. 

Table 4: Estimated catch histories (t) for LIN 3&4 (Cbatham Rise), LIN 5&6 (Campbell Plateau excluding 
the Bounty Platform), LIN 68 (Bounty Platform), LIN7WC (WCSI section of LIN 7), and LIN 7CK 
(Cook Strait sections of LIN 7 and LI% 2). Landings have been separated by fmhing method (trawl or 
Line), and;for the LIN 5&6 Line fiishery,by pre-spawning (Pre) and spawning (Spn) season. The 2004 value 
in each column is assumed, and war! allocated to method and season based on 2003 landings. For LIN 68, 
all landings up to 1990 were taken by trawl, and over 98% of all landings after 1990 were taken by line. 

Year LIN 3&4 
trawl line 

LIN5&6 LlN 7WC LIN 7CK 
Wawl line l i e  line 

0 
0 
0 
0 
0 
0 

10 
0 
0 

10 
0 

10 
6 
2 
0 
0 
0 
9 

11 
172 

1430 
1575 

875 
387 
588 
333 
569 
771 

1319 
1 153 

623 
932 
900 

1 line aawl 

0 
45 
45 
48 
58 
68 
78 
83 
88 
98 

103 
97 

119 
116 
126 
97 

107 
255 
362 
488 
498 
307 
269 
344 
392 
417 
366 
316 
317 
258 
230 
280 
280 

Line 

0 
45 
45 
48 
58 
68 
78 
83 
88 
98 

103 
97 

119 
116 
126 
97 

107 
85 

121 
163 
85 

114 
84 
70 
35 
89 
88 

216 
131 
80 

171 
180 
180 



Table 5: Biological and other input parameters used in the ling assessments. 

1. Natural rnorfalily (M) 
Female Male 

All stocks 0.18 0.18 

2. Weighf = a (length)' (Weight in g, total length in em) 
Female Male 

a b a b 
LIN 3&4 0.00114 3.318 0.00100 3.354 
LIN 5&6 0.00128 3.303 0.00208 3.190 
JAN 6B 0.00114 3.318 0.00100 3.354 
m 7 W C  0.00094 3.366 0.00125 3.297 
LIN 7CK 0.00094 3.366 0.00125 3.297 

3. von Bertalanffy growth parameters (n, sample size) 
Male 

n k to L, 
LIN 3&4 3 964 0.127 -0.70 113.9 
LIN 5&6 2884 0.188 -0.67 93.2 
LIN 6B 296 0.141 0.02 120.5 
LIN 7WC 2 366 0.067 -2.37 159.9 
LIN 7CK 348 0.080 -1.94 158.9 

4. Maturity ogives @roportion m a r e  af age) 

LIN 3&4 (and assumed for LIN 6B) 
Male 0.0 0.100 0.20 0.35 0.50 0.80 
Female 0.0 0.001 0.10 0.20 0.35 0.50 

LIN 5&6 
Male 0.0 0.10 0.30 0.50 0.80 1.00 
Female 0.0 0.05 0.10 0.30 0.50 0.80 

JAN 7WC (and assumed for LIN 7CK) 
Male 0.0 0.05 0.20 0.60 0.90 1.00 
Female 0.0 0.00 0.10 0.20 0.40 0.60 

5. MiFcellaneousparmneters 
Stock 

Stock-recruitment steepness 
Recruitment variability C.V. 

Ageing error C.V. 

hoportion by sex at birth 
Proportion spawning 
Spawning season length 
Maximum exploitation rate ( U A  

Female 
n k to L, 

4 133 0.083 -0.74 156.4 
4093 0.124 -1.26 115.1 

386 0.101. -0.53 146.2 
2 320 0.078 -0.87 169.3 

332 0.097 -0.54 163.6 



Table 6: Unstandardised (Unstd) and standardised (Std, with 95% confidence intervals and c.v.s) CPUE 
year effects for the ling target line fisheries on the Chatham Rise, Campbell Plateau, Bounty Plateau, and 
WCSI. 

Year Unstd Std 95% CI C.V. 

Chatham Rise (LIN 3&41 
0.22 1.62 1.38-1.89 0.08 

Bountv Plateau &IN 6B) 
- - - - 
- - - - 

1.01 1.73 1.35-2.21 0.12 
0.93 1.52 1.25-1.85 0.10 
0.82 1.03 0.8M.33 0.13 
1.06 1.09 0.84-1.40 0.13 
0.86 1.00 0.80-1.26 0.11 
0.77 0.82 0.64-1.05 0.13 
1.34 1.00 0.79-1.27 0.12 
1.28 1.02 0.83-1.27 0.11 
1.18 0.93 0.77-1.13 0.10 
0.92 0.80 0.6M.97 0.10 
0.90 0.71 0.59-0.86 0.10 
1.09 0.76 0.63-0.92 0.09 

Cook Strait KIN 7CK) 
0.88 0.75 0.55-1.02 0.15 

Unstd Std 95% CI C.V. 

Cam~bell Plateau (LIN 5&6) 
- - - - 

0.85 0.96 0.78-1.18 0.11 
0.90 1.26 1.07-1.49 0.08 
0.80 1.25 1.07-1.47 0.08 
0.77 0.99 0.87-1.13 '0.07 
1.20 1.17 1.03-1.34 0.07 
1.15 1.04 0.92-1.18 0.06 
1.12 1.11 1.01-1.23 0.05 
0.97 1.00 0.91-1.10 0.05 
0.90 0.76 0.68-0.85 0.06 
1.10 0.86 0.75-0.99 0.07 
1.29 0.98 0.84-1.13 0.07 
1.28 ' 1.01 0.87-1.19 0.08 
0.84 0.75 0.61-0.93 0.10 

WCSI (LIN 7WC) 
0.63 0.95 0.84-1.09 0.07 



Table 7: Unstandardised (Unstd) and standardised (Std, with 95% confidence intervals and c.vs) CPUE 
year effects for the ling bycatch in the hoki target trawl fishery off WCSI and in Cook Strait 

Year Unstd Std 95% CI C.V. Unstd Std 95% CI C.V. 

WCSI (LIN 7WC) Cook Strait (LIN 7CK1 
1986 0.86 1.10 0.96-1.25 0.07 - - 
1987 0.56 0.59 
1988 0.93 0.84 

Table 8: Series of relative biomass indices (t) from Tangaroa trawl surveys (with coefficients of variation, 
c.v.) available for the assessment modelling. 

Fishstock Ares 

LIN 3&4 Chatham Rise 

LIN 5&6 Campbell Plateau 

LIN 5&6 Campbell Plateau 

Trip code 

TAN9106 
TAN9212 
TAN9401 
TAN9501 
TAN9601 
TAN9701 
TAN9801 
TAN9901 
TANWOl 
TAN0101 
TAN0201 
TAN0301 
TAN0401 

TAN9105 
TAN9211 
TAN9310 
TAN0012 
TAN0118 
TAN0219 
TAN0317 

TAN9204 
TAN9304 
TAN9605 
TAN9805 

Date 

Jan-Feb 1992 
Jan-Feb 1993 

Jan 1994 
Jan 1995 
Jan 1996 
Jan 1997 
Jan 1998 
Jan 1999 
Jan 2000 
Jan 2001 
Jan 2002 
Jan 2003 
Jan 2004 

Nov-Dec 1991 
Nov-Dec 1992 
Nov-Dec 1993 

Dec 2M)O 
Dec 2001 
Dec 2002 

Nov-Dec 2003 

Mar-Apr 1992 
Apr-May 1993 
Mar-Apt 1996 
Apr-May 1998 

Biomass C.V. (%) 



Catch-at-length data were fitted to the model as proportions-at-length with associated c.v.s by length 
class. These data were also estimated using the software described above. Zero values of catch-at- 
length were replaced with 0.0001. 

A summary of all input data series, by stock, is given in Table 9. Data kom trawl surveys could be 
input either as a) biomass and proportions-at-age, o rb )  numbers-at-age. For the ling assessments the 
preference was for a), i.e., entering trawl survey biomass and trawl survey age data as separate input 
series. [Francis et al. (2003) presented an argument against the use of numbers-at-age data for hoki 
from trawl surveys.] The c.v.s applied to each data set would then give appropriate weight to the signal 
provided by each series. 

Table 9: Summary of the relative abundance series available for the assessment modelling, including 
source years (Years). The process error that was added to the observation error in the two stocks that 
were modelled is also listed. 

Data series Years Process 
error C.V. 

LIN 3&4 
Trawl survey proportion at age (Amalral Explorer, Dec) 1990 
Trawl survey biomass (Tangama, Jan) 1992-2004 
Trawl survey proportion at age (Tangama, Jan) 1992-2004 
CPUE (longline, all year) 1990-2003 
Commercial longline proportion-at-age (Jul-Oct) 200243 
Commercial longline length-frequency (Jul-Oct) 1995-03 
Commercial trawl proportion-at-age (Nov-May) 1992,1994-2003 

LIN 5&6 
Trawl survey proportion at age (Amaltal Explorer. Nov) 1990 
Trawl survey biomass (Tangama, Nov-Dec) 1992-94,200144 
Trawl survey proportion at age (Tangaroa, Nov-Dec) 1992-94,200144 
Trawl survey biomass (Tangaron, Mar-May) 1992-93.1996.1998 
Trawl survey proportion at age (Tangama, Mar-May) 1992-93,1996,1998 
CPUE (longline. all year) 1991-2003 
Commercial longline length-frequency (Puysegur, Oct-Dec) 1993,1996,1999-2002 
Commercial longline proportion-at-age (Puysegur, Nov-Dec) 2000-03 
Commercial longline Length-frequency (Campbell, Apr-Jul) 1998-2003 
Commercial longline proportion-at-age (Campbell, Jun) 1999,2001,2003 
Commercial trawl length-frequency (Jan-Jul) 1991,1994-95.1999-2002 
Commmial trawl proportion-at-age (Jan-Jul) 1992-93,1996,1998,2003 

LIN 6B 
CPUE (longline, all year) 
Commercial longline length-£tequency (Nov-Feb) 
Commercial longline proportion-at-age (Dec-Feb) 

LIN 7WC 
CPUE (longline, all year) 
CPUE (hoki trawl, Jun-Sep) 
Commercial trawl proportion-at-age (Mar-Sep) 

LIN 7CK 
CPUE (hoki trawl, all year) 
CPUE (longline, all year) 
Commercial trawl proportion-at-age (Mar-Sep) 



4.2 Model structure 

Two of the biological' ling stocks were assessed in 2004 (J.JN 3&4 and LIN 7WC). but, for the first 
time, in a two stock model. The stock assessment model partitions the Chatham Rise and WCSI 
population into sexes and age groups 3-30, with a plus group. There are two fisheries (trawl and 
longline) in each stock. Each stock was considered to reside in a single area, with no interaction 
between the stocks. Unlike the models up to 2003 (Horn 2004a), the current model estimates both 
stocks simultaneously. This off& the option of simultaneous estimation of parameters common to 
both stocks (i.e.. natural mortality, longline fishery ogive). It also enables sensitivity analyses, with 
common parameters, to be estimated across both stocks simultaneously. The model's annual cycle for 
each stock is described in Table 10. 

Table 10: Annual cycles of the assesi;ment models for each stock, showing the processes taking place at 
each time step, their sequence within each time step, and the available observatio& of relative abundance. 
Any fmhing and natural mortality within a time step occur after aU other processes, with half of the 
natural mortality for that time step occurring before and after the fishing mortality. An  age fraction of 
0.5 for a time step means that a 6+ f ~ h  is treated as being of age 6.5 in that time step. Trawl surveys and 
CPUE indices occur during the fishing lime step. The last column (%MI shows the proportion of that time 
step's mortality that is assumed to have taken place when each observation is made (see Table 9 for 
d&criptions of the observations). 

Approx. M 
Step-months Processes fraction 

LIN 3&4 
1 Dec-Aug recruitment 0.8 

non-spawning fisheries 
(trawl & Line) 

2 Sep-Nov increment ages 0.2 

tm 7WC 
1 Oct-Jun recruitment. 0.8 

fishery (line) 

2 JulSep increment ages 0.2 
fishery (trawl) 

Age Observations 
fraction Description %M 

0.5 Trawl survey (summer) 0.2 
Line CPUE 0.5 

0.0 - 

0.5 Line CPUE 0.5 

0.0 Trawl CPUE 0.5 

All selectivity ogives (i.e., for trawl surveys and commercial fisheries) in all but one of the model ~uns 
were age-based and were estimated in the model, separately by sex. The exception was a sensitivity 
run where single sex, length-based ogives were estimated for the surveys and the fisheries. No length 
or age data are available from the LIN 7WC longline fishery. Consequently, a single longline ogive 
was estimatedfor the fsheries in the LIN 3&4 and LIN 7WC stocks, as ling on the Chatham Rise have 
lengths-at-age similar to those off west coast South Island. The estimated trawl survey and trawl 
fishery ogives were assumed to be double normal, longline fishery ogives were assumed to be logistic 
shaped. In all cases, male selectivity curves were estimated relative to female selectivity. The 
parameterisations of the double normal and logistic curves were given by Bull et al. (2003). In each 
fishery, selectivities were assumed constant over all years, i.e., there was no allowance for annual 
changes in selectivity. On the Chatham Rise, trawl survey selectivities for Amaltal Explorer and 
Tangaroa were assumed to be the same. 

Maximum exploitation rates were assumed to be 0.6 for both stocks. The choice of the maximum 
exploitation rate has the effect of determining the minimum possible virgin biomass allowed by the 
model. This value was set relatively high as there was little external information from which to 
determine it. 



4.3 Model estimation 

Model parameters were estimated using Bayesian estimation implemented using the CASAL v2.01 
software (Bull et al. 2003). However, only the mode of the joint posterior distribution (MPD) was 
estimated in preliminary runs. For final runs, the full posterior distribution was sampled using Markov 
Chain Monte Carlo (MCMC) methods, based on the Metropolis-Hastings algorithm. 

Lognormal errors, with known c.v.s, were assumed for all relative biomass, proportions-at-age, and 
proportions-at-length observations. The c.v.s available for those observations of relative abundance 
and catch allow for sampling error.only. However, additional process variance, assumed to arise from 
differences between model simplifications and real world variation, was added to the sampling 
variance. The process error was estimated in early runs of the model, using all available data, h m  
MFD fits. Hence, the overall C.V. assumed in the initial model runs for each observation was calculated 
by adding process error and observation error. The process errors added to each input series are listed 
in Table 9. 

Year class strengths were assumed known (and equal to 1) when inadequate or no catch-at-age data 
were available, i.e., before 1973 and after 1999 in the Chatham Rise stock, and before 1974 and after 
1997 in the WCSI stock Otherwise, year class strengths were estimated under the assumption that the 
estimates from the model must average 1. However, in biomass projections, the assumption that the 
relative year class strengths were equal to 1 was relaxed. Here, relative year class strengths from 2000 
(Chatham stock) and 1998 (WCSI stock) were assumed unknown, with a lognormal distribution with 
mean 1.0 and standard deviation set equal to the standard deviation of the previously estimated year 
class strengths from the particular stock 

MCMC chains were estimated using a bum-in length of 3x10~ iterations, with every 1000~ sample taken 
from the next lo6 iterations (ie., a final sample of length 1000 was taken from the Bayesian posterior). 
Single chain convergence tests of Geweke (1992) and Heidelberger & Welch (1983) were applied to 
resulting chains to determine evidence of nonconvergence. The tests used a significance level of 0.05 
and the diagnostics were calculated using the Bayesian Analysis Output software (Smith 2003). 

4.4 Prior distributions and penalty functions 

The assumed prior distributions used in the assessment are given in Table 11. Most priors were 
intended to be relatively uninformed, and were estimated with wide bounds. The exceptions were the 
choice of informative priors for the trawl survey q, and natural mortality (when estimated). The survey 
q priors were the same as those used by Dunn (2004) for the Chatham Rise survey series in the hake 
assessment, and were estimated assuming that the catchability constant was a product of areal 
availability (0.5-LO), vertical availab'ity (0.5-LO), and vulnerability (0.01-0.50). The prior of the 
mean of male and female natural mortality assumed that the c k e n t  estimate of M was a reasonable 
approximation.to the true value, but that the true value could differ from the current point estimate by 
about 0.1. 

Penalty functions were used to constrain the model so that any combination of parameters that did not 
allow the historicd catch to be taken was strongly penalised. A small penalty was applied to the 
estimates of year class strengths to encourage estimates that average to 1. 



Table 11: Assumed prior distributions and bounds for estimated parameters in the LJN3&4 and 
LIN 7WC assessments. Parameter values are mean (in natural space) and ev. for lognormal. 

Parameter description Stock Distribution Parameters Bounds 

Year class strengths 
cpmq 
Trawl survey q 

3&4 
7wc 
Both 
Both 

~ - 3&4 
Selectivity Both 
Process error C.V. Both 
M (mean) Both 
M (difference) Both 

uniform-log 
uniform-log 
lognormal 
uniform-log 
lognormal 
uniform 
uniform-log 
lognormal 
normal 

5. MODEL ESTIMATES 

Estimates of spawning stock biomass and year class strengths were derived for the two assessed stocks 
using the fixed parameters (see Table 5) and the series of input data (see Table 9) described earlier. 
The base case run used all available data for both stocks, excluding the WCSI longhe  CPUE series. 
Horn (2004~) found that the WCSI line and trawl fishery CPUE series exhibited contradictory trends, 
and concluded that the line CPUE was probably the least reliable of the two L M C  relative 
abundance series. Several sensitivity runs were completed, so the full list of model runs was as 
follows. 

Base case - all available data excluding the WCSI line CPUE series (because there was 
considerable uncertainty about all the WCSI runs, this run was simply named 'trawl CPUE only' 
for LIN 7WC rather than 'base case') 
M estimation - estimation of natural mortality M over both stocks simultaneously 
Length based sel - estimation of single length-based selectivity ogives for each fishery/survey 
Double process error - incorporated double the base case process error on the WCSI series 
(reported for LJN 7WC only) 
No CPUE - excluded al l  CPUE series from both stocks 
Both CPUE series -incorporated both the LIN7WC CPUE series (reported for LIN 7WC only) 

For each model run, MPD fits were obtained and quantitatively evaluated. Objective function values 
(negative log-likelihood) for the model runs are shown in Table 12. Summary plots of the base case 
MPD model fit for both stocks are given as Appendix B. MCMC estimates of the posterior distribution 
were obtained for all model runs and these are presented below. 

Convergence diagnostics for the model NIIS are given in Table 13. Diagnostics were run on chains of 
final length lo6 iterations (following a bum-in period), after systematically subsampling ("thinning") 
to 1000 samples. The Geweke (1992) convergence diagnostic is based on a test that compares the 
means of the first 10% and last 50% of a Markov chain. Under the assumption that the samples were 
drawn from the stationary distribution of the chain, the two means are equal and Geweke's statistic has 
an asymptotically standard normal distribution. The resulting test statistic is a standard Z-statistic, with 
the standard error estimated from the spectral density at zero. Values of the Zstatistic that have a p- 
value less than 0.05 indicate that, at the 5% significance level, there is evidence that the samples were 
not drawn from a stationary distribution. 

Heidelberger &Welch (1983) proposed two linked tests. The fmt  is a stationarity test that uses the 
Cramer-von-Mises statistic to test the null hypothesis that the sampled values come from a stationary 
distribution. The test is successively applied, first to the whole Markov chain, then after discarding the 
first 10,20, etc, percent of the chain until, either the null hypothesis is accepted, or 50% of the chain 
has been discarded. If more than 50% of the chain is discarded, then the test returns a failure of the 



stationarity test. Otherwise, the number of iterations to keep is reported. The second test is the half- 
width test that calculates a 95% confidence interval for the chain mean, using the portion of the chain 
that passed the Heidelberger &Welch stationarity test. Half the width of this interval is compared with 
the estimate of the mean. If the ratio between the half-width and the mean is lower than 2% of the 
mean, the half width test is passed. 

No evidence of lack of convergence was found in the estimates of Bo for either stock Fable 13). Some 
estimates of selectivity parameters and YCS showed evidence of lack of convergence in both stocks. 
Trace diagnostics of Bo from the base case model runs are shown in Figure 6. 

Table 12: Objective function values (negative log-likelihood) for MPD fits to data, priors, penalties 
resulting from penalties to catch (Catch) and to year class strengths averaging to one (YCS), and the total 
objective function (negative log-likelihood) value. 

Stock Run Data Priors Penalties Total 
Catch YCS 

Both Basecase 523.64 19.34 0 0 542.98 
M estimation 538.35 20.21 0 0 55855 
Length based sel 337.83 18.49 0 0 356.32 
Double process enor 486.43 18.95 0 0 505.38 
No CPUE 497.31 -2.58 0 0 494.73 
Both CPUE series 537.45 29.55 0 0 567.00 

Table 13: Percentage of parameters that passed the Geweke (1992) and Heidelberger & Welch (1983) 
convergence diagnostics tests for selected parameters from the MCMC chaii  of the base case runs for 
both stocks. n, number of parameters estimated. 

Stock/Run Parameter n Geweke (%) Heidelberaer & Welch (%I 
Stationarity Half width test 

Xm 3&4 Bo 1 100 100 100 
Selectivity 19 89 89 100 
YCS 27 89 100 100 

LIN 7WC Ba 1 100 100 100 
Selectivity 7 71 86 100 
YCS 24 79 96 100 

Two stochastic yields, Maximum Constant Yield (MCY) and Current Annual Yield (CAY), were 
determined for each stock using sample-based simulations. In this process the set of Bayesian 
posteriors expresses the uncertainty in the free parameters. One simulation run is done for each sample 
from the posterior, ultimately producing a single estimate of yield that has been averaged over all 
samples. Each run extended over 150 years with stochastic recruitment (assuming a Beverton and Holt 
stock recruit relationship), but with the first 100 of those years discarded to allow the population to 
stabilise under the chosen harvest rate. Yield calculation was based on the procedures of Francis 
(1992), where yields were maximised, under either constant-catch or constant-mortality-rate 
harvesting, subject to the constmht that spawning stock biomass should not fall below 20% of Bo 
more than 10% of the time. 
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Figure 6: Trace diagnostic plot of the MCMC chains for estimates of B, for the LIN 3&4 base case and 
LIN 7WC trawl CPUE only model runs. 

5.1 LIN 3&4 

The estimated MCMC marginal posterior distributions for selected parameters for the LIN 3&4 stock 
base case are shown in Figures 7-11. Selectivity ogives a l l  appear to be generally well estimated 
(Figure 7). There is an improvement on the previous assessment (Horn & Dunn 2003) in the precision 
of the trawl fishery ogives owing to these ogives now being based on catch-at-age rather than catch-at- 
length data. The ogives derived for the commercial trawl fishery are now much closer in shape to 
those for the research kawl survey. The trawl fishery ogives calculated by Horn & Dunn (2003) had 
broad posterior dishibutions at most ages and sharply declining right-hand limbs. 

The posterior distribution of the summer trawl survey q (Figure 8) has a median value of 0.066 and a 
narrow 95% credible interval (0.053-0.080). Informed priors were used for this parameter for the first 
time, but its estimated median value has changed little since the modelling of this stock began. The 
median q for the longline CPUE series also has narrow bounds (Figure 8). 

Year class strengths were not well estimated before about 1979 when only data from older fish were 
available to determine age class strength (Figure 9). The estimates suggest periods of generally higher 
than average recruitment throughout the mid-late 1970s and in the mid-late 1990s, with generally 
lower than average recruitment in the intervening period. Exploitation rates (i.e., the catch as a 
proportion of the selected biomass) were high in 1976 and 1977 (Figure lo), but very low throughout 
the 1980s. Since the early 1990s. it is estimated that annual fishing pressure by the trawl and line 
fisheries combined has averaged just less than 0.1. 
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Figure 7: LIN 3&4 base case - Estimated posterior distributions of relative selectivity, by age and sex, 
for the trawl survey series, the trawl fishery, and the h e  fishery. Individual distributions show the 
marginal posterior distribution, with horizontal lines indicating the median. 
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Figure 8: LIN 3&4 base case - Estimated posterior distributions (solid lines) of catchability constants (q) 
for the summer trawl survey series, and the longline CPUE series. The distributions of the priors are 
shown as dashed lines. 
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Figure 9: LIN 3&4 base ease - Estimated posterior distributions of year class strength. The horizontal 
line indicates a year class strength of 1. Individual distributions show the marginal posterior distribution, 
with horizontal lines indicating the median. 

Figure 10: LIN3&4 base case - Estimated posterior distributions of exploitation rates. Individual 
distributions show the marginal posterior distribution, with horizontal lines indicating the median. 

The LIN 3&4 biomass in 2000-01 was estimated to be at its lowest level since fishing began (Figure 
l l ) ,  but the median has slightly increased since then. The stock appears to be healthy, with estimated 
current biomass at about 58% of Bo, with a 95% credible interval of 5265% (Table 14). Estimated 
stock size has fluctuated markedly since the fishery began. The most marked decline,occurred after 
high exploitation levels by foreign vessels in the mid 1970s. There was some stock recovery 
throughout the 1980s owing to low exploitation and the recruitment of some relatively st~ong year 
classes. Increased exploitation throughout the 1990s. combined with the recruitment of the weaker 
yearclasses spawned in the 1980s, resulted in the stock declining to about 50% B, by 2000. However, 
a subsequent reduction in exploitation level (owing to a TACC reduction from the 2000-01 fishing 
year) and the recruitment of the stronger year classes spawned in the mid-late 1990s has resulted in an 
increasing stock size. The stock is projected to continue increasing, although at a decreasing rate, over 
the next five years at catch levels of 5600 t annually 11, Table 15). 



Table 14: Bayesian median and 95% credible intervals (in parentheses) of Bo, B m ,  and B2004 BS. a 
percentage of Bo for all model runs for LIN 3&4 and LIN 7WC. 

Model run Be B, Bm c%Bd 

LlN 3&4 
Base case 152 440 (134440-180 110) 88 080 (70 710-115 930) 58 (52-65) 
M estimation 146 770 (125 900-188 070) 88 500 (63 350-131 400) 60 (50-71) 
Length based sel 131 730 (121 160-144 950) 67 210 (55 950-81 170) 51 (46-56) 
No CPUE 151 710 (130 280-189 090) 87 300 (65 580-124 800) 58 (50-66) 

LlN 7 w c  
No CPUE 36 020 (33 620-39 480) 8 540 (5 670-12 300) 24 (17-31) 
Trawl CPUE only 40 000 (36 510-46 160) 13 570 (9 680-19 790) 34 (2643) 
Both CPUE series 68 220 (47 080-160 400) 42 510 (22 050-133 020) 62 (47-82) 
M estimation 48 870 (41 500-62 850) 22 370 (13 210-37 940) 46 (32-61) 
Length based sel 37 850 (35 100-43 440) 11 130 0 910-16 860) 29 (22-39) 
Double process error 38 540 (34 850-46 210) 11 560 (7 430-19 330) 30 (21-42) 

Table 15: Bayesian median and 95% credible intervals (in parentheses) of projected B m ,  B ~ w  as a 
percentage of Bo, and B 2 & ~ ~  (%) for LIN 3&4 and LJN 7WC model runs. Future annual catches are 
assumed equal to recent eat& levels in LJN 3&4 (5 600 t) and LlN 7WC (2 800 t). 

Model run Future catch (t) 

LIN 3&4 
Base case 5 600 
M estimation 5600 
Length based sel 5 600 
No CPUE 5 600 

LIN 7WC 
No CPUE 2 800 
Trawl CPUE only 2 800 
Both CPUE series setioOn . - - 

2 800 
-2.800 

Length based sel 2 800 
Double process error 2 800 

Three sensitivity m s  were conducted to 1) examine the effects of estimating M, 2) use length-based 
selectivity ogives, and 3) exclude the fishery-dependent relative abundance series (i.e., the longline 
CPUE). Estimates of Bo, Bzm, and projected BZW from these runs are listed in Tables 14 and 15, and 
biomass trajectories are plotted in Figure 12. 

The estimation of M within the model resulted in some changes to the selectivity ogives 13). 
All male selectivity ogives were markedly lower over all ages (relative to females), the trawl survey 
age at full selectivity for females increased by about 5 years, and the trawl fishery female selectivity 
increased at older ages. The estimated (median) nahiral mortality rates for males and females were 
0.17 y-' (95% credible intervals 0.15-0.19) and 0.20 y-' (0.17-0.22), respectively (Figure 14). These 
estimates straddle the cmently used value of 0.18 for both sexes. The model result indicating that M is 
higher for females than for males is contrary to expectations. It appears likely that the model has 
insufficient information to be able to distinguish between research and fishing selectivity estimates, 
and estimates of M. The effect on the biomass eajectory of estimating M in the model was small; the 
trajectory was lowered by less than 6000 t across its entire range, and current biomass is identical to 
the base case (see Figure 12). 



Figure 11: LIN 3&4 base case - Estimated posterior distributions of biomass trsjedories (in tomes, and 
as 7oBo). individual distributions show the marginal posterior distribution, with horizontal Unes 
indicating the median. Projections (2005-09) are based on future annual catches equal to recent catch 
levels (5600 t). 
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Figure 12. LIN 3&4 - Estimated spawning stock biomass median of the posterior distribution for the 
base case and three sensitivity rum. 
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Figure 13: LIN 3&4 estimation of M - Estimated posterior distributions of relative selectivity, by age and 
sex, for the trawl survey series, the trawl fishery, and the line fishery. Individual distributions show the 
marginal posterior distribution, with horizontal lines indicating the median. 

Natural mortality 

Figure 14: Estimated posterior distributions for male (dotted line) and female (solid line) natural 
mortality rates from the "estimate M" sensitivity NU, for the Chatham Rise and WCSI stocks combined. 
The natural mortality prior (average of male and female M) is shown by the dashed line. 



Estimation of single sex, length-based ogives for the survey &d fishery selectivities produced very 
precise curves (Figure 15). These could then be converted into two-sex, age-based ogives @gure 16), 
and compared directly to ogives calculated in the base case run. The shapes of the trawl survey and 
trawl fishery ogives are quite similar from the two model runs (compare Figures 7 and 16). However, 

'the line fishery ogives are very different. In the sensitivity run, the age at full selectivity for females is 
about 5 years higher, and males never attain full selectivity, relative to the base case run. It is also 
apparent from the MPD residual plots (see Appendix B, Figures B7 and B8) that, when using length- 
based selectivity, male residuals are generally positive and female residuals generally negative. The 
effect on the biomass trajectory of using size-based ogives in the model was moderate; the trajectory 
was lowered by about 20 000 t across its entire range (see Figure 12). 

The sensitivity run excluding the fisherydependent relative abundance series (i.e., the longline CPUE) 
was almost identical to the base case run in both selectivity ogives and biomass trajectory (see Figure 
12). 

The yield estimates from all model runs (Table 16) are higher than the current TACC for LIN 3 and 
LIN 4 combined (about 7200 t), as would be expected given the reasonably healthy estimates of Bzw 
as a percentage of Bo (i.e., 4671%). The estimates of MCY (8200-9600 t) are slightly higher than the 
current TACC, and the CAY estimates are two to three times the TACC. These data indicate that the 
LIN 3&4 stock could sustain catch levels higher than the current TACC, at least in the short to 
medium term. 

Table 16: Yield estimates (MCY and CAY) and associated parameters for all model runs for LIN 3&4 and 

Model run 

LIN 3&4 
Base case 
M estimation 
Length based sel 
No CPUE 

LIN 7WC 
No CPUE 
Trawl CPUE only 
Both CPUE series 
M estimation 
Length based sel 
Double process error 

MCY 
(0 

9 180 
9 660 
8 290 
9 050 

2 050 
2 270 
3 230 
2 600 
2 110 
2 170 



Figure 15: LIN 3&4 length-based selectivity - Estimated posterior distributions of relative selectivity, by 
length, for the trawl survey series, the trawl fishery, and the line fishery. Individual distributions show the 
ma-& posterior distribution, with horizontal lines indicating the median. 
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Figure 16: LIN 3&4 length-based selectivity -Estimated posterior distributions of relative selectivity, by 
age and sex, for the trawl survey series, the trawl fishery, and the line fishery. Individual distributions 
show the marginal posterior distribution, with horizontal lines indicating the median. 



5.2 LIN 7WC 

The estimated MCMC marginal posterior distributions for selected parameters for the LIN 7WC 'trawl 
CPUE only' run are shown in Figures 17-21. m s  model run was initially selected by the author as 
the base case, but subsequent analyses indicated that the outcomes from all the LIN 7WC runs were 
very uncertain.] In all model runs, the longline fishery selectivity ogive for the WCSI ling stock is 
assumed to be identical to that calculated using data from the Chatham Rise fishery. The calculated 
ogives for the WCSI trawl fishery are generally well estimated, but there are marked differences 
between male and female selectivity '(Figure 17). While female ling remain largely fully selected after 
age 15, male selectivity declines sharply after this age. The posterior distribution of the trawl CPUE q 
has a clear mode, but its bounds are much broader than those for the Chatham longline CPUE q 
(compare Figures 8 and 18). Year class strengths were poorly estimated before about 1982 when only 
data from older fish were available to determine age class strength (Figure 19). The most recently 
estimated year class (1997) is also relatively poorly estimated. There are no clear trends over time in 
recruitment. Exploitation rates were very low up to the late 1980s. except in 1977 (Figure 20). 
However, concurrent with the development of the hoki fishery, it is estimated that fishing pressure on 
ling has steadily increased over the last 10-15 yean to a rate of about 0.2 y-' in the trawl fishery 
(Figure 20). 

Female 
1.5 

.% 

ii 
2 0.5 

0.0 0.0 

Figure 17: LIN 7WC 'trawl CPUE only' run - Estimated posterior distributions of relative selectivity, by 
age and sex, for the trawl fishery. Individual distributions show the marginal posterior distribution, with 
horizontal lines indicating the median. . . 

Figure 18: LIN7WC 'trawl CPUE only' run - Estimated posterior distribution (solid line) of the 
relativity constant for the trawl CPUE series. The distribution of the priors is shown as a dashed line. 



Figure 19: LIN 7WC 'trawl (SPUE only' run - Estimated posterior distributions of gear class strength. 
The horizontal line indicates a year class strength of 1. Individual distributions show the marginal 
posterior distribution, with horizohth lines indica&g the median. 

WCSl haw1 Rshsry 

1972 1975 1978 1981 198d 1987 1990 1943 19% 1999 2032 

Year 

WCSl llnsfiahery 

1972 1975 1978 1981 1984 1987 19W 1943 1986 1949 2002 

Year 

Figure 20: LIN 7WC 'trawl CPUE only' run -Estimated posterior distributions of exdoitation rates in 
the trawl fshery (spawning season) and line tishery (non-sp&ning season). Individual &butions show 
the marginal posterior distribution, with horizontal lines indicating the median. 



Biomass in 2004 was estimated to be at its lowest level since fishing began Figure 21) at about 34% 
of Bo, with a 95% credible interval of 2643% (Table 14). Estimated stock size has steadily declined 
since the fishery began. The most marked decline occurred after high exploitation levels by foreign 
vessels in the mid 1970s. Although exploitation rates are believed to have been low between 1978 and 
1988, there is no evidence of stock recovery during that period. The development of the hoki fishery 
from the late 1980s, with a consequent bycatch of ling, started a second phase of stock decline. The 
stock is projected to continue declining, although at a decreasing rate, over the next five years at catch 
levels of 2800 t annually 21) to reach a level of 31% Bo in 2009 (Table 15). 

1972 1975 1978 1981 1984 1987 1990 1993 1936 1899 M02 

Year 

Year 

Figure 21: LW7WC 'trawl CPUE only' run - Estimated posterior distributions of biomass trajectories 
(in tonnes, and as %Bo). Individual distributions show the marginal posterior distribution, with horizontal 
lines indicating the median. Projections (200549) are based on future annual catches equal to recent 
catch levels (2800 t). 

Five additional runs were conducted to 1) examine the effects of estimating M, 2) use length-based 
selectivity ogives, 3) double the process error on the input data series, 4) exclude the fishery- 
dependent relative abundance series (i.e., the CPUE), and 5) use both the haw1 and longline CPUE 
series. ~s&tes of Bo, B2004, and pfojected BZW9 from these runs are listed in Tables 14 and 15, and 
biomass trajectories are plotted in Figure 22. 
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Figure 22: LIN 7WC - Estimated spawning stock biomass median of the posterior distribution for the 
base case and five sensitivity runs. 

The estimates of natural mortality were described above; M was estimated over both stocks 
simultaneously. This sensitivity run resulted in little change to the trawl fishery female selectivity 
ogive, but male selectivity was mhrkedly reduced over all a g e  (Figure 23). Estimated biomass from 
this run was higher than the 'trawl CPUE only' run by about 9000 t across the entire modelled period 
(Figure 22). 

Estimation of a single sex, length-based ogive for the trawl fishery produced a curve that was 
relatively precise up to a length of about 140 cm, but was poorly defined for larger fish Figure 24). 
The resulting two-sex, age-based ogives (Figure 23) were well defined over the entire age range. This 
model run was the only one where male selectivity did not decline with inmeasing age after an initial 
peak. Estimated biomass from this run was lower by about 2000 t than that predicted by the 'trawl 
CPUE only' run across the entire modelled period (see Figure 22). 

Doubling the process error on the input series resulted in the estimated biomass trajectory being 
generally less than 1000 t lower than for the 'trawl CPUE only' run (see Figure 22). The trawl 
selectivity ogive for females was little different to the 'trawl CPUE only' IUII, but the male ogive was 
poorly defined with wide selectivity ranges possible at most ages (see 23). The increased 
process error allowed slightly improved fits to the catch-at-age data (Appendix B, Figure B11) but 
worse fits to the trawl CPUE series (Figure B10). 

Removal of the trawl CPUE from the model left only the trawl fishery catch-at-age, i.e., there were no 
series of relative abundance. The trawl selectivity ogive for females was little different to that derived 
from the 'trawl CPUE only' run, but male selectivity was higher (and less precise) at ages greater than 
8 (see Figure 23). Clearly, the catch-at-age data contain information indicative of a stock decline 
between 1991 and 2003. This is the most pessimistic of all the model m s ;  the biomass trajectory is 
about 3000-5000 t lower than for the 'trawl CPUE only' NII across the entire range (see Figure 22). 

The sensitivity test incorporating both available CPUE series (i.e., trawl and longline) was the most 
optimistic, but least precise, of all the model runs (see Table 14). This is a function of three conflicting 
input series. The trawl catch-at-age indicates a stock decline between 1991 and 2003, the trawl CPUE 
indicates a relatively constant stock size from 1984 to 2003, and the line CPUE indicates a slight stock 
recovery since about 1996. A large virgin biomass is often necessary to reconcile these three series. 
The posterior distributions of the trawl and line CPUE qs have very broad distributions (Figure 25). 
This model run was the only one where both male and female trawl selectivity declined with 
increasing age after an initial peak (see Figure 23). 
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Figure 23: LIN 7WC sensitivity runs - Estimated posterior distributions of relative selectivity, by age 
and sex, for the trawl fishery from the sensitivity runs. Individual distributions show the marginal 
posterior distribution, with horizontal lines indicating the median 
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Figure 24: LIN 7WC length-based selectivity - Estimated posterior distributions of relative selectivity, by 
length, for the trawl fshery. Indi6dual distributions show the marginal posterior distribution, with 
horizontal lines indicating the median. 

Trawl CPUE Line CPUE 

Figure 25: LIN 7WC 'both CPUE series' run -Estimated posterior distributions (solid lines) of relativity 
constants for the trawl and longline CPUE series. The distributions of the priors are shown as dashed 
lines. 

The MCY estimates from four of the runs are close to the current TACC of 2225 t for the LIN 7 stock 
(Table 16). The other two estimates from the 'estimate M' run and the imprecise 'both CPUE series' 
Nn are higher than the current TACC. All but one of the CAY estimates are higher than the TACC 
(Table 16). The estimate from the 'no CPUE' run is 2090 t. However, it must be remembered that the 
LIN 7WC assessment does not include the ling stock in Cook Strait, which produces about 8% of the 
landings, and possibly makes up about 10% of the biomass in the LIN 7 administrative stock (Horn 
2001). 

I 6. DISCUSSION 

Model estimates of the state of the LIN 3&4 stock indicate that current biomass is just over half the 
virgin level, and is likely to increase in the short term, following the reduction of the TACC in 2000 
and the pending recruitment of some relatively strong year classes. The 95% credible interval around 
the absolute level of current biomass has bounds from 71 000 to 116 000 t. The stock experienced a 
relatively steady decline in biomass throughout the 1990s, following increased catch levels attributable 
to the development of the longline fishery. The two relative abundance series for this stock appear to 
show different trends: the longline CPUE series initially declined and then remained constant, whereas 
the trawl survey series fluctuated without an apparent trend. However, these results are not 
incompatible. The longline fishery primarily takes larger fish, and the CPUE indexes the fishing down 
of an accumulated biomass of larger, older ling. The trawl survey series comprehensively samples the 
population of ling older than about 5 years, so variations in recruitment can strongly influence this 
index, resulting in fluctuations in total biomass. Relative to the base case assessment, there are 
negligible changes to estimates of stock size and status if the CPUE series is excluded kom the model. 



For LIN 3&4, the model run estimating single-sex length-based selectivity ogives for the research 
surveys and commercial fisheries is the only one that produces estimates notably different from the 
base case. In this run, the selectivity-at-age for males is estimated to be much lower in the trawl survey 
and the line fishery, and, hence, overall biomass is higher than the base case estimate. However, the 
estimated selectivity ogives, particularly for the line fishery, have imbalanced residuals between the 
sexes, and are clearly inappropriate. Hence, this model run is probably the least reliable of those 
presented. 

Current stock size of LIN 3&4 is estimated to be above both B M ~  and BMAY. Catches at the level of 
the TACC are likely to be sustainable in the long term (assuming no exceptional decline in future 
recruitments). 

The current LIN 3&4 assessment is very consistent with, although slightly more optimistic than, the 
previous assessment of this stock That assessment (Horn & Dunn 2003) suggested that Bo was about 
149 000 t (ranging from 123 000 to 197 000 t), and that stock status would increase to about 63% of 
Bo (48-78%) by 2007. The assessment of this stock could be influenced markedly by changes in the 
trawl survey q. However, the estimated median value of q has changed little since the modelling of 
this stock began. The history of recent assessments of LIN 3&4 is depicted in Figure 26. MIAEL 
(Minirnised Integrated Average Expected Loss, Cordue 1998) assessments in 1999 and 2000 indicated 
that the stock was at 25% and 30% of Bo, respectively. These assessments precipitated a reduction in 
the TACC from the beginning of the 2000-01 fishing year. However, the 2001 MIAEL assessment 
estimated current biomass at about 45% Bo. The B h  and B,, bounds for all three assessments were 
quite similar, but only the 2001 hajectories are shown in Figure 26. The first CASAL assessment of 
LIN 3&4 was produced in 2002 to check the consistency of the two model methods (Horn & Dunn 
2003). The estimates of B,, from the two methods were close, and the CASAL trajectory was 
entirely within the MIAEL bounds. The current CASAL assessment produced a biomass trajectory 
consistent with previous assessments. 

Figure 26: LIN 3&4 -Estimated spawning stock biomass trajectories from the base case NUS of the last 
four assessments, Le., the MIAEL assessments in 2000 and 2001, and the CASAL assessments in 2002 and 
2004. . . 

The size and status of the 7WC stock are poorly known, even though the posterior distributions of 
absolute biomass by year for a l l  but the 'both CPUE series' run have relatively narrow distributions 
with strong modes. The assessment is dominated by the catch-at-age data from the trawl fishery. The 
sensitivity run using only the catch history and the catch-at-age data clearly contains information that 
the stock has declined between 1991 and 2003. The inclusion of CPUE series only moderates the rate 
of the decline. Both CPUE series have shortfalls (see Horn 2004c), and they exhibit conflicting trends 
in recent years. The trawl series is believed to be the more credible of the two. The inclusion of the 
trawl CPUE series produced a slightly more optimistic assessment than the 'no CPUE' run, but when 
the process error on the input series was doubled, the greater volume of catch-at-age data swamped the 
trawl CPUE signal producing a less optimistic outcome. Including both the trawl and line CPUE series 
resulted in a slight stock recovery in the most recent year, but the median Bo needed to be much higher 



than in the other runs to also accommodate the stock decline indicated by the catch-at-age data. 
Consequently this model run produced the most imprecise of alI the assessments, with wide 95% 
credible intervals around the biomass estimates and very broad posterior distributions for the CPUE 
qs. However, it was the only run producing reasonable fits to the CPUE data (see Appendix B figure 
B10). 

Results from the five relatively consistent model runs (i.e., all runs excluding 'both CPUE series' and 
'M estimate') indicate that current biomass in LIN 7WC is about 30% Bo, with a credible intend of 
about 17-4346, Hence, there may be some sustainability issues pending for this stock. However, in 
contrast to this, the CPUE series are relatively flat (although possibly unreliable) and there has been no 
declining trend in catches. Annual landings have been consistently at or above 2800 t since 1996, and 
have averaged about 2700 t annually since 1989, which is indicative that future catches at the current 
level are probably sustainable, at least in the short term. This catch level is higher than the MCY from 
the same five model runs. &so, instantaneous fishing mortality (F) calculated (using the Chapman- 
Robson estimator) from trawl catch-at-age data from 1998 to 2003 averages 0.14, implying an annual 
exploitation by the trawl f ~ h e r y  of the selected stock of 13%. This value is low relative to the model 
estimate of exploitation of 23% from the 'no CPUE' run in the same fishery over the same years. 
However, direct comparisons are problematic because the trawl exploitation rate is calculated in the 
model using the biomass after the line fishery has occurred. Other model estimates of trawl 
exploitation rate for 1998 to 2003 are 7% from the 'both CPUE series' run and 17% from the 'trawl 
c m  only' run. 

The LIN 7WC trawl fishery catch-at-age data are estimated in a largely unstratified manner, i.e., there 
is a single time and area stratum. There are no clearly apparent variations between years in the 
temporal or spatial distribution of the sampled trawl tows (author's unpublished data). However, a 
tree-based regression of the commercial catch-at-age data should indicate whether any stratitication is 
desirable, and this will be conducted before any future assessment of the LIN 7WC stock 

Interestingly, the LIN 7WC stock continued to decline slightly in the 10 years after the period of high 
exploitation in 1976-1977, even though annual extractions were believed to be only about 1200 t. This 
is in contrast to the Chatham Rise stock, which rebounded strongly even though its biomass had 
probably been reduced proportionately more after the mid 1970s exploitation than the LIN 7WC stock 
biomass. 

The assessment of LIN 7WC is confounded by several difficulties. There are no fishery-independent 
series of relative abundance. CPUE series are available from the trawl and line fisheries, but they 
exhibit different trends. No age or length dataare available from the line fishery, so the fishery ogive 
is assumed to be the same as that from the Chatham Rise line fishery. It is also known that the trawl 
fishery catch was under-reported in some years; some corrections have been made to account for this, 
but it is unknown how accurate they are. Deriving a more accurate catch history, calculating longline 
selectivity ogives from the LIN7WC fishery, and reconciling the conflicts between the relative 
abundance series from the trawl' and line fisheries are all likely to improve the estimation of stock 
status. 

Estimates of relative abundance from a kawl survey of part of the LIN 7WC stock in 2000 were 
calculated in Section 3.3 above. After making various assumptions about the density of ling in 
unsurveyed areas, it was estimated that a minimum trawl survey estimate would be 3600 t, but that 
4200 t was a more likely value. These values can be converted to absolute abundance indices by 
applying a trawl q of 0.07 (as cdculated for the same vessel and trawl gear on the Chatham Rise) to 
produce estimates of 51 400 t and 60 000 t. The 'trawl CPUE only' model estimate of BzMO for 
LIN 7WC after selection by the trawl survey ogive is 20 340 t (with a 95% credible interval of 16 970 
to 26 050 t). The survey estimates for 2000 are much higher than the model estimates; indeed, both 
survey estimates are higher than the medians from all the model runs, and higher than the upper 
bounds from all but the 'both CPUE series' run. It is known that the trawl survey q can vary 
seasonally: Horn (2004a) estimated that for ling in the Campbell Plateau stock, the survey q in autumn 



is about 1.5 times the summer survey q. If Bzoao for LIN 7WC really is in the range 17 000-26 000 t, 
then survey estimates of 3600 and 4200 t imply survey qs of 0.14-0.21 and 0.16-0.25, respectively. 
Thee qs are 2-3.5 times the likely value for ling ffom the Chatham summer survey, and generally 
higher than those estimated using the same fishing gear for hake on the Chatham Rise (0.08-0.21, 
Dunn 2004) and for hoki on the Chatham Rise and Campbell Plateau (0.03411, Francis 2004). W e  
this exercise to develop an 'absolute' survey biomass estimate is based on several assumptions, most 
with weak justiiication, the overall impression is that most of the model estimates of B2m, are 
probably low. 

Current stock size of LIN TWC is uncertain. The biomass trajectory from the 'no CPUE' m is almost 
certainly too pessimistic; the implied F from this run is much higher than that calculated from the 
catch curves. The trajectory from the 'both CPUE series' run is probably too optimistic. Recent catch 
levels have been greater than all estimates of MCY, but these estimates are very uncertain. Estimates 
of CAY have been presented for the WCSI stock, but are not considered reliable either. Hence, the 
uncertainty of this assessment means it is not known whether the TACC or current catch levels are 
sustainable in the long term, or are at levels that will allow the stock to move towards a size that will 
support the MSY. 

The LIN 7WC 'trawl CPUE only' assessment is quite consistent with, although slightly more 
o~timistic than, the ~revious assessment of this stock using: the trawl CPUE series only. That 
a.kessment (Horn 2064a) suggested that Bo was about 36 000 t%anging from 32 000 to 43 000 t), and 
that stock status would decline to about 90% of Bo by 2008 with future annual catches of 2600 t. 

The estimates of stock size for both stocks rely partially on the shape of the selectivity ogives. On the 
Chatham Rise, full selectivity occm in the trawl survey and trawl fishery at about age 8-10, and 
several years later (14-16 years) in the longline fishery. A higher age at full selectivity is expected for 
the line fishery relative to the trawl fishery, but it would be expected that the age at full selectivity for 
the trawl survey would be lower than that for the trawl fishery because of the smaller mesh size used 
in the survey codend. Age at full selectivity in the WCSI trawl fishery is 11-13 years. A larger mean 
size (and age) in the WCSI trawl fishery relative to the Chatham Rise fishery might be expected 
because the WCSI fishery is essentially exploiting a spawning population. However, age at 100% 
maturity has been estimated to be about 8-10 years for WCSI fish. Based on age at maturity, and size 
at age, slightly lower ages at full selectivity would be expected in the two bawl fisheries and the h w l  
survey than are estimated within the models. Single-sex length-based ogives (when backconverted to 
two-sex age-based ogives) suggest similar ages at full selectivity to those described above. However, 
the fit diagnostics indicate that the two-sex age-based ogives fit the data better, indicating that there 
are real differences between sexes in selectivity at age and selectivity at length. Such differences are 
clearly apparent on the Campbell Plateau, where the sex-ratios of the catch from the spawning and 
non-spawning line fisheries vary markedly (Horn 2004a). Clearly, age-based ogives are preferable to 
length-based ones, but there is still potential for further refinement of the age-based ogives. 

Selectivity will also be confounded by the estimate of instantaneous natural mortality, M. A single 
value of 0.18 is used for both sexes; and it appears likely that it is reasonably close to the true value. 
However, as for most teleosts, the true value for males is likely to be slightly higher than for females. 
The model m conducted to estimate M produced a value for females that was higher than the male 
value. It was concIuded that the moael has insufficient information to be able to distinguish between 
estimates of M, and research and fishing selectivity estimates. M could also vary between populations; 
the maximum age of ling from the Cook Strait population is much lower than for the other ling 
populations amund the South Island (author's unpublished data). 
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Appendix A: New calculated catch-at-age distributions for ling 

Table Al: Calculated numbers at age, separately by sex, with cvs, for ling caught during trawl surveys of 
the Campbell Plateau in December 2003 (survey TAN0317) and the Chatham Rise in January 2004 
(survey TAN0401). Final line for each sample represents a plus group. Summary statistics for the samples 
are also presented 

TAN0317 TAN0401 
Age Male C.V. Female C.V. Age Male C.V. Female C.V. 

Measured males 1270 
Measured females 1156 
Aged males 242 
Aged females 332 
No. of tows 70 
Meanweighted C.V. (sexes poled) 21.9 



Table A2: Calculated numbers at age, separately by sex, with c.v.~, for ling caught during commercial 
longline operations on the hysegur Bank iu November-December 2002, and on the Campbell Plateau in 
February-July 2003. Final line for each sample represents a plus group. Summary statistics for the 
samples are also presented. 

Puvseeur Bank 
Male C.V. 

Measured males 
Measured females 
Aged males 
Aged females 
No. of sets 

Female C.V. 

Meanweighted C.V. (sexes poled) 19.8 

CsmobeU Plateau 
Male C.V. Female C.V. 



Table A3: Calculated numbers at age, separately by sex, with cvs, for Iing caught during cornmedal 
longline oprations on the Chatham Rise in July-Oetober 2003, and during commercial trawl operations 
on the Campbell Plateau in Januarg-July 2003. Ftnal line for each sample represents a plus group. 
Summary statistics for the samples are also presented. 

Chatham Rise longline Campbell Plateau trawl 
Male C.V. 

0 - 
0 - 
0 - 
0 - 

192 0.8036 
944 0.4682 

2926 0.2228 
5 303 0.1960 
7267 0,1695 
5 325 0.2204 
3769 0.2430 
3 527 0.2500 
5436 0.1832 
3 837 0.2185 
4479 0.1986 
2 113 0.2918 
1974 0.3045 
1546 0.3542 
871 0.4212 

1183 0.4039 
1783 0.3085 
133 1.0975 

3784 0.1813 

Measured males 
Measured females 
Aged males 
Aged females 
No. of setsltows 

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

Meanweighted C.V. (sexes poled) 19.1 



Table A4: Calculated numbers at age, separately by sex, with cvs ,  for ling caught during commercial 
trawl operatiom off the west coast of the South Island (WCSI) and in Cook Strait, during June- 
September 2003. Final line for each sample represents a plus group. Summary statistics for the samples 
are also presented. 

WCSI Cook Strait 
Male C.V. 

Measured males 
Measured females 
Aged males 
Aged females 
No. of tows/sanmles 

Female ' C.V. Age Male C.V. 

Meanweighted iv. (sexes poled) 22.8 

Female C.V. 



Appendix B: Summary MPD model fits for LiN 3&4 and LIN 7WC 

Trawl survey Longline fishery 

Figure Bl: LIN 3&4 base case - MPD fits to the summer trawl survey biomass indices and the longline 
CPUE indices, where '0' indicated the observed value and 'e' indicated the fitted (expected) value. 
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Figure B2: LIN 3&4 base case - MPD residual values for the proportions-at-age data for the summer 
trawl survey series. Symbol area is proportional to the absolute value of the residual, with black circles 
indicating positive residuals and op& dreles indicatlng negative residuals. 
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Figure B3: LlN 3&4 base case - MPD residual values for the proportions-at-age data for the longline 
fisherg series. Symbol size and shading as in Figure B2. 
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Figure B4: LlN 3&4 base case - MPD residual values for the proportions-at-length data for the longljne 
fishery series. Symbol size and shading as in Figure B2. 
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Fvgm B5: LIN 3&4 base case - MPD residual values for the pmportions-at-age data for the trawl 
fishery series. Symbol size and shading & in Figure B2. 
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Figure BB6: LIN 3&4 length-based selectivity - MPD residual values for the pmportioas-at-age data for 
the summer trawl survey series. Symbol size and shading as in Figure B2 
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Figure B7: LIN 3&4 length-based selectivity - MPD residual values for the pmportiom-atage data for 
the longline fishery series. Symbol size and shading as in Figore B2. 
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Figure B8: LIN 3824 length-based selectivity - MPD residual values for the proportiom-at-length data 
for the longline fishery series. Symbol size and shading as in Figure B2. 
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Figure B9: LIN 3&4 length-based selectivity - MPD residual values for the proportions-at-age data for 
the trawl fishery series. Symbol size and shading as in Figure B2. 
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Figure B10: LIN 7WC - MPD fits to the trawl CPUE indices, where '0' indicated the observed value and 
'e' indicated the fitted (expected) v a h  



Trawl CPUE only 

Male. 

.............. ................. ...... 
- 0 0 . .  ............. 

. , . .o.ooo. o o o o o o  .... o o o . . o  

Double process error 

Length-based selectivity ogives 

Estimation of M 

Male . . 

.................. 

. . - - . o r - .  s o .  o .  - 0 0 .  .................. 

Female ................ %% P... ............. 1 

Female .................. .............. .................. ................. 
........... ............." . o .  .................. 

Figure Blla: LJN 7WC - MPD residual values for the proportions-at-age data for the commercial trawl 
fishery series. Symbol size and shading as in Figure B2. 
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Figure Bllb: LIN 7WC - MPD residual values for the proportions-at-age data for the commercial trawl 
flshery series. Symbol size and shading as in Figure B2. 


