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EXECUTIVE SUMMARY 

Doonan, I J.; M W a n ,  PJ.; Coburn, R.P.; Hart, A.C. (2003). Assessment of OEO 4 smooth oreo 
for 200203. 

New Zealand Fisheries Assessment Report 2003150.55 p. 

The biomass of smwth oreo in OEO 4 was estimated with Bayesian methods using a CASAL age- 
structured population model. Input data included research and observer~o~ected length data, two 
absolute abundance estimates fiom research acoustic surveys carried out in 1998 (TAN9812) and 2001 
(TANO117). and relative abundance indices from standardised catch per unit effort analyses. Biomass 
estimates were made for the whole of OEO 4 and also separately for the west and east parts of OEO 4 
divided at 178' 20' W. This separation was based on an analysis of commercial catch, standardised 
BUE, and research trawl and acoustic results which suggested distinct fisheries and fish distribution 
patterns for the west and east ~ ~ I L S  of OEO 4. The base case used the eastlwest split, the 1998 and 
2001 acoustic abundance estimates, three standardised CPUE indices, the observer length data, the 
2001 acoustic survey length data, no migration fiom east to west, but a fixed recruitment split into 
east and west, a fmed M (0.063) and with growth (L, and C.V. of the length distribution) estimated 
within the model. 

For the base case the median estimate for the mature fish Bo for OEO 4 was 172 000 t (90% 
confidence interval of 147 000-209 000 t). The estimate of MCY- was 4200 t and the mid-year 
wlnerable biomass B w  was 37 000 t. The CAY estimate was 7700 t and CSP was 3500 t The 
smooth ore0 catch in OEO 4 from 2001-02 was 4284 t, about the same as the long-term MCY. 

These results suggest that there are no immediate sustainab'ity issues, but there are problems with the 
inputs to the assessment that were not resolved in this study. The main concern is the use of the two 
acoustic survey abundance estimates as absolute values. In particular, the large proportion of the smooth 
ore0 acoustic abundance from both surveys (about 70%) that came from the layer mark-type. 
Determining the exact mixture of species in the layers had unmeasured uncertainty that may have 
resulted in an overestimate of the smooth oreo abundance. Layers are not normally fished by the 
commercial fleet, but within the model the vulnerable selectivity allocated part of the layer abundance to 
the fished population because the selectivity was based on length distributim. There is more 
confidence assigned to the acoustic abundance estimated for the school mark-type because these marks 
wete composed mostly of smwth oreo and they are fished. Poor mode1 fits also suggest that the 
estimates of natural mortality and growth of smooth oreo need to be re-examined. Other uncertainties in 
the biomass and yield estimates are due to the sensitivity to the target strength of smooth oreo and the 
use of deterministic recruitment 
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1. INTRODUCTION 

This work addresses the following objectives in Wish project "Oreo stock assessment" (OE02001/02). 

Overall objective 
1. To ca&y out a stock assessment of black oreo and smooth oreo, including estimating biomass 

and sustainable yields. 

Specific objective 
4. To carry out a stock assessment of smooth oreo in OEO 4. 

A new stock assessment for smooth oreo in OEO 4 (Figure 1) is presented based on a new absolute 
abundance estimate for smooth ore0 derived f h  a research acoustic survey carried out in 2001 
(TAN0117), plus a previous absolute abundance estimate hm 1998 (TAN9812), and relatiw 
abundance indices from revised and updated standardised CPUE analyses. 

F'revious maior assessments in 1997 and 2001 aimed to estimate v i r h  and cutrent biomass (Doonan et 
al. 1997a, 2001). The 1997 assessment used a stock reduction analysis (PMOD) with relative 'Bbundance 
estimates hm standardised CPUE, and relative abundance estimates from past trawl surveys (1991-93, 
1995) with q values constrained The 1997 assessment was considered uncertain because of the 
problems with the trawl survey catchabilities @oonan et al. 1997a). The 2001 assessment used a stock 
reduction analysis (PMOD) with the single 1998 absolute abundance estimate as well as the relative 
abundance estimates from standardised CPUE (base case) and estimated a 95% confidence interval of 
100 000 to 148 000 t for Bo, and long-term MCY of 1600-2400 t compared to catch levels of about 
6200 t (1989-90 to 1998-99). 

The new stock assessment analyses were conducted using the CASAL age-structured population model 
(Bull et al. 2002). This took account of the sex and mahrritv status of the fish and allowed inclusion of 
iength frequency data. The assessment modelled separate west and east fisheries as well as a combined 
area fishery (OEO 4). Initial model nms gave poor fits to the data and indicated that there were major 
conflicts between the absolute abundant; est&tes, the observer collected length data, and 
estimates (Doonan et al. 199%) of growth and natural mortality 0. 

Smooth oreo are caught throughout the year by bottom trawling at depths of 800-1300 m in southern 
New Zealand waters. The OEO 4 south Chatham Rise fishery is the largest oreo fishery in the EEZ and 
operates between 176" E and about 172" W, mostly on undulating terrain (short plateaus, terraces, and 
"dropaffs") at the west end, and mostly on seamounts in the east Most smooth oreo is caught as a 
bycatch to orange roughy fishing and in recent years the ore0 TACC may have constrained orange 
roughy fishing as the orange roughy TACC was reduced. Black oreo is the other main species caught 
and has been a small bycatch fiom 199495 to 200142. There is no known recreational or Maori 
customary catch of oreos. 

Smooth oreo are thought to be slow-growing and long-lived with the larger females reaching maximum 
sizes of around 50 cm TL at about 80 years and males reaching 45 cm and 70 years (Doonan et al. 
199%). Age estimates for New Zealand fish are unvalidated but similar results were reported by 
Australian workers (D.C. Smith and B.D. Stewart, Victorian Fisheries Research Institute, unpublished). 
They are a schooling species and form localised aggregations to feed (all year) or to spawn (October- 
December). 

Stock structure of Australian and New Zealand samples of smooth ore0 were examined using genetic 
(allozyme and rnitochondrial DNA) and morphological counts (fin rays, etc.). No differences behveen 



New Zealand and Australian smooth 0x0 samples were found using these techniques (Ward et al. 
1996). A broad scale stock is suggested by these results but this seems unlikely given the large 
distance between New Zealand and Australia A New Zealand pilot study examined smooth oreo 
stock relationships using samples from four management areas (OEO 1, OEO 3 4  OEO 4, and 
OEO 6) of the New Zealand EEZ. Techniques used included genetic (nuclear and mitochmdrial 
DNA), lateral line scale counts, settlement zone counts, parasites, otolith microchemistq', and otolith 
shape. Otolith shape ftom OEO 1 and OEO 6 was different to that from OEO 3A and OEO 4 samples. 
Weak evidence eom parasite data, one gene locus, and otolith microchemistry suggested that 
OEO 3A samples were different from those komother areas. Lateral line scale and otolith settlement 
zone counts showed no differences between areas (Smith et al. 1999). 

Observations available include biological data h m  research trawl su~veys (199143,1995, Tangaroa) 
but relative abundance estimates fiom these surveys are considered unreliable because of catchability 
issues (Doonan et aL 1997a). Absolute abundance estimates were made using acoustic methods in 1998 
and 2001. Annual observer lengthtcatch data are available from 1990-91 on, although sampling was 
erratic and was intluenced by the progression of fishing from west to east with time and possibly by a 
Wad kom flat to seamount lishing in the east 

Catch history data are available imm the late 1970's although the early data and some subsequent data 
required recomtruction of species catch from hown species proportions because of the use of the 
aggregated species code (OEO) (see 1.2 below). Dumping of unwanted or small fish and accidental loss 
of fish (lost or ripped codends) were features of ore0 fish& in the early years. These sources of 
mortality were probably substantial but are now thought to be relatively small. No estimate of mortality 
ftom these sources has been made because of lack of data and because they now appear to be small. 
Estimates of discards of oreos were made for 199495 and 1995-96 from MFish obsaver data. This --..------ ~~ 

involved calculating the ratio of discarded oreo catch to retajned oreo catch and then mulhplying the 
annual total ore0 catch h m  the New Zealand EEZ by this ratio. Estimates were 207 and 270 t for 1994- 
95 and 1995-96 respectively (Clark et al. 2000). 

1.2 TACCs, catch, and landings data 

Oreos are managed as a group that includes black ore0 (Allocytlu~ nigm, BOE), smooth oreo 
(Pseudocyttus maculatus, SSO), and spiky o m  (Neocyttus rhomboidalis, SOR). The last species is not 
sought by the commercial fleet and is a minor bycatch in some areas, e.g., the Ritchie Bank orange 
mughy fishery. The management areas used since October 1986 are shown in Figme 1. 

Separate catch statistics for each o m  species were not requested in the version of the catch statistics 
logbook used when the New Zealand EEZ was formalised in April 1978, so the catch for 1978-79 was 
not reported by species (the generic code OEO was used instead). Fmm 1979-80 onwards the species 
were listed and recorded separately. When the ITQ scheme was inkoduced in 1986, the statutory 
requirement was only for the combined code (OEO) for the Quota Management Reports, and 
consequently some loss of separate species catch information has occmed even though most vessels 
catching 0x0s are requested to record the species separately in the catch-effort logbooks. 

Repodd landings of oreos (combined species) and TACs from 1978-79 until 2001-02 are given in 
Table 1. The OEO 4 TAC was about 7000 t fiom 1982-83 to 200041 but reduced to 5200 t in 
2001-02. Reported estimated catches by species from data recorded in catch and effort logbooks 
(Deepwater, TCEPR, and CELR) are given in Table 1. Soviet catches from the New Zealand area from 
1972 to 1977 were assumed to be black 0x0 and smooth oreo combined and to be from area OEO 3A 
(Doonan et al. 1995). 



Table 1: 

Fishing 

F i  1: Orw management areas. 

Total reported landings and TACs (t) for aU orw species combined and total , 
estimated catch (t) for smooth orw (SSO) and black oreo (BOE) for OEO 4 from 
1978-79 to 2001-02. - na. 

t TAC SSO 

Source: F S U h m  1978-79 to 1987-88; QMS/MFish h r n  1988-89 to 2001-02. *, 1 April to 31 March; #, 1 
April to 30 September.InterimTACs applied; t, 1 October to 30 September. 

7 



2. ASSESSMENT MODEL 

2.1 Populatlon dynamics 

2.11 Partition of the population 

The stock assessment model partitionedthe OEO 4 smooth o m  population into two sex groups, and age 
groups 1-70 years, with a plus group. There were two optional area partitions (west and east), and two 
optional fishingpartitions, layers (unfished) and schwls (fished). 

2.1.2 Annual cycle 

The nominal unit time in the model is one year during which processes (e.g., recruitment) were 
applied Since these processes cannot be modelled simultaneously they were carried out in a specified 
sequence (Table 2). For convenience in the specifications, these were grouped into three time steps. 
Events were given a specified time within the year (month) through the specification of the 
percentage of natural mortality that was applied, assuming that it was applied uniformly throughout 
the yea. Observations were fitted to model predictions specified by the time step and the time within 
the year (Table 2). 

Table 2: Stock model: timing within n year for processes and when data were fitted. -, not applicable. 

Model 
time step T i  Pmcess (in the order applied) T i e  Description 
1 Oct Recruitment - .  

oct spawning - 
Oct Increment age - 

2 Oct Migration (if applicable) - 
3 Oct-Sep F i m o r t a l i t y  Oct Acoustic abundance 

Oct Acoustic length data 
Mar CPUE indices 
Mar Observer length data 

2.2 Selectivities, ogives, and other assumptions 

Selectivities 
Separate age-based selectivity ogives were estimated for males and females and for the separate east and 
west analyses. Selectivities were estimated for the commercial fishery (catch) and for the acoustic 
survey (abundance data). The ogives were logistic cwes  with parameters for the age of 50% selection 
and for the ages t?om 50 to 95% selection. Young fish (less than about 7 yem old) are probably in mid- 
water and so were not counted by the acoustic survey. At 6-7 years these fish settle on the bottom and 
are then available to the acoustic survey technique. The young iish are almost fully selected by the trawl 
gear when they do settle on the bottom, and therefore the estimated selectivity should represent the 
biological and not the fishing p~ocess. 

The last observation is particularly relevant to the selectivities for the acoustic abundance data that were 
estimated h m  the associated length data collected during the 2001 survey. The length data were 
collected by trawling, which has a selectivity that could bias the acoustic selectivity. However, the 
acoustic selectivity is due to the fish settling on the bottom and once settled are fully selected by the 
trawl gear so the trawl selectivity is irrelevant 



Migration 
An aged-based double-nod capped ogive was used The ogive used four parameters and was intended 
to give a pulse of fish over a restricted age mnge to populate the west area, i.e., once migration occurred 
fish did not migrate back to the east and after a certain age no fish migrated from east to west When 
migration was used there was no acoustic selectivity for the west acoustic data. 

Maturity 
The maturity ogive developed during the 2002 stock assessment was used (see Appendix A). 

2.3 Modelling methods, parameters, assumptions about parameters 

The stock assessment analyses were conducted using CASAL (Bull et al. 2002). This was 
implemented as an age-simctured population model that took account of the sex and maturity status 
of the fish and allowed inclusion of length frequency data The Bayesian estimator was employed 
The model incorporated deterministic recruitment, life history parameters, and catch history (see 
Table 3). Data fitted in the analysis were the 1998 and 2001 acoustic abundance estimates (see 
Table 6), standatdised combined CPUE indices (see Tables 4% 4c, & 4d), observer length data 
(Tables 7 & 8), and the 2001 acoustic survey length data (see Figures 9 & 10). The model was used to 
estimate biomass and generate yield estimates including MCYh- and CAY. These procedures 
were conductedwith the following steps. 

1. Model parameters were estimated using maximum likelihood and the prior probabilities. 

2. Samples from the joint posterior distribution of parameters were generated with the Markov Chain 
Monte Carlo procedure (MCMC) using the Metropolis algorithm. 

3. A marginal posterior dismbution was found for each quantity of interest by integrating the product 
of the likelihood and the priors over all model parameters; the posterior distribution was described 
by its median, 5, and 95 percentiles for parameters of interest. 

The following assumptions were made in the analyses carried out to estimate biomasses and yields. 
(a) The acoustic abundance estimates were unbiased absolute values. 
(b) The CPUE analyses provided a relative index of abundance for smooth oreo in the whole of 

OEO 4. 
(c) The ranges used for the biological values covered their true values. (Smooth ore0 growth was 

estimated by the model.) 
(d) One assumed value (0.9) of the maximum fishing mortality (F-) was used in a l l  the analyses of 

smooth o m  below. 
(e) Remibent was deterministic and followed a Beverton & Holt relationship with steepness of 

0.75. 
(0 Catch overnms wae 0% during the period of reported catch. 
(g) The population of smooth oreo in OEO 4 was a discrete stock or production unit. 
@) The catch history was accurate. 

3. OBSERVATIONS AND MODEL INPUTS 

3.1 East and west fisheries 

Initial analysis of OEO 4 oreo catch data showed marked changes in fishing patterns over time. This 
involved a progression of high catches over time starting in the west and moving east and appeared to 
represent successive exploitation of new areas (Figure 2). Areas in the west previously exploited did not 
later retum to sustained high catches. The target species and the type of fishing changed over time with 



smooth oreo the target species in the west on flat, dropoff, and seamounts h m  the late 1970s, with a 
gradual change to target fishing for orange roughy on seamounts in the east in the late 1980s (Figme 3). 
For some nms CPUE, catch, length and abundance data were split at 178O 20' W. 

Longitude 

Figure 2: AU estimated reported catches of smooth oreo (black shading, t) by longitude over time from 
OEO 4 on the south Chatham Rise between 176O E and 174O W, south of 4 4 O  S. Years rue 
fishing years, e.g., 1982 is 1981-82. There were low reported catches of smooth oreo before 
1981-82 so 1982 induded that year plus prior catches. Vertical scale is 1000 t between yean 
@orizontal lines). The vertical line at 178" 20' W marks the split between west and east parts 
of OEO 4. 



Longitude 

Figure 3: Estimated reported catches of smooth ore0 @lack shading, t) where target species was orange 
roughy, by longitude over time from OEO 4 on the south Chatham Rise between 176O E and 
174' W, south of 44O S. Years are fshing years, eg., 1982 is 1981-82. There were low reported 
catches of smooth oreo before 1981-82 so 1982 included that year plus prior catches. Vertlcal 
scale is 1000 t between years (horizontal lines). The vertical tine at  178' 20' W marks the split 
between west and east parts of OEO 4. 



3.2 Catch history 

Catch history is presented in Table 3 and includes the yearly total catch for OEO 4 and catches from 
west and east (split at 178' 20' W). Catches fiom 1978-79 to 1982-83 (1 April to 31 Mmh) were 
assumed to be for fishing years (1 October to 30 Septemba). 
1 The 1978-79 landings of unspecified oreo (8041 t, see Table 1) were assumed to be the same 

pmporCion of smooth oreo to black oreo estimated catch reported in 1979-80 (114/(114+566) = 
0.168). The estimate of the 1978-79 smooth oreo catch was 8041 t x 0.168 = 1351 t 

2 The 6 month landings of smooth oreo reported as 1983-83 (1861 t, Table 1) were split and half each 
(930.5 t) added to the preceding and subsequent years (1982-83 and 1983-84). There was only an 
8 t difference between estimated and reported landings in 1983-83 (Table I), so no adjustment to 
the reported smooth o m  catch was made. 

3 From 1979-80 to 200142 the landings were calculated by multiplying the value by the proportion 
of smooth oren to black oreo estimated catch in Table 1. 

4 The last two years of the catchhistory are assumedprojected catch. 

Table 3: 

Year 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
198€-87 
1987-88 
1988-89 
198+90 
1990-91 
1991-92 
1992-93 
199394 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 

Reconstructed catch history (t) of smooth oreo from OEO 4. "OEO 4" is the catch fmm the 
whole area "West" ts the proportion of the total taken west and "East" is the catch taken to the 
east of 17S0 20) W. t: Indicates assumed catch. 

OEO 4 West East 
1351 1351 0 
114 114 0 

1436 1 436 0 
3 465 3 430 35 
3 757 3 757 0 
5 817 5 759 58 
4 736 4 547 189 
4 922 4 380 541 
5 670 4 196 1474 
7 771 2 642 5 129 
7 225 2 457 4 769 
6 788 1154 5 634 
6 028 1808 4 220 
5 504 1211 4 293 
5 918 1 420 4 498 
6 287 1 069 5 218 
6 961 1392 5 568 
6 364 2 227 4 137 
6 339 1712 4 627 
6 159 1848 4311 
6 025 1749 4 283 
6 366 1800$ 4 ZOO$ 
6 484 1800$ 4 200f 

3.3 Relative abundance estimates from CPUE analyses 

The analyses w m  revised and updated from those described by Cobum et al. (2001) by including two 
more years data (1999-2000 and 200041). 

Data 
The catch and effort data were restricted to that area within OEO 4 (the "study area") where the main 
smooth oreo fishery occurred from 1978-79 to 1998-99 (Figure 4). Data from OEO 4 were divided into 
target smooth ore0 and bycatch smooth ore0 and into pre- and post-global positioning system (GPS) 
with a further subdivision into a west series from 1979-80 to 1988-89 and an east series from 1992-93 



Figure4: Start position (dots) of aII trawls targeting smooth oren in OEO 4 from 1978-79 to 
1998-99. The western end of the study area is the boundary of OEO 4 at 176' E. The 
eastern boundary of 174' 50' W is shown with a vertical line. An arrow shows the position 
of the westleast split at 178' 12.6' W. Some main Ohing patches are also indicated with 
horizontal bars. The axis-line (curved line) onto which positions were projected is also 
shown. 

to 200C-01). The intermediate years (1989-90 to 1991-92) reprerented a period of rapid improvement 
of fishing ability due largely to the introduction of GPS and therefore those data were omitted fiom the 
analysis. 

Method of CPUE analysis 

The CPUE analysis method was described by Doonan et al. (1995, 1996, 1997a) and involved 
regression-based methods where the zero catch tow and the positive catch tow data were analysed 
separately to produce positive catch and zero catch indices. For target fishing, a combined index was 
calculated (see Coburn et al. 2001). The predictor variables considered in the analysis included axis- 
position (position along a line dram west to east through the fished band along the continental slope of 
the south Chatham Rise), depth, season, time, seamount (indicated if a tow started within 5 irm of a 
known seamount), and vessel. The reference year was arbitrarily assigned to a year near the middle of 
the time series. A revised method was used to convert the index values to a canonical form by 
dividing each value by the geometric mean of the index series following the suggestion of Francis 
(1999) and resulted in the index value for the reference year being a value other than 1. Annual c.v.s 
for the combined indices were estimated using a jacklmife technique @oonan et al. 1995), but the 
method was revised by using the canonical index values to calculate the jaclolife C.V. values and 
resulted in the reference year C.V. having a value other than 0. 

For the smooth ore0 (SSO) and unspecified ore0 (OEO) target fisheries, combined indices were used in 
the assessment model but for bycatch fisheries (orange roughy target fishing) only the positive catch 
indices were used. 



Results of CPUE analysis 

Six analyses were carried out target smooth oreo or unspecified oreo pre-GPS, target smooth o m  or 
unspecified o m  postGPS, bycatch smooth o m  (target orange roughy) pre-GPS, bycatch smooth oreo 
(target orange roughy) post-GPS, target smooth oreo or unspecified ore0 postGPS wesf target smooth 
oreo or unspecified oreo post-GPS east (Cobum et al. 2001), but only four ( a 4  below) were chosen for 
use in the assessment model analyses. Three satisfied the criteria of prefening the target smooth oreo or 
lmspecified o m  analyses to bycatch analyses, but the bycatch post-GPS series (7 years) was used 
instead of the target smooth o m  or uuspecified oreo post-GPS east series because the latter had only 4 
years in the series including one where the jacknife C.V. was 236%. The base case stock assessment 
analysis used only the indices for a, c, and d below (Figure 5). 

a Target SSO, pre-GPS series. Data used were from 1981-82 to 1988-89 and were mainly from the 
west The 6nal model for positive catch used vessel, season, and axis-position and that for zero 
catch used vessel, axis-position, and season. The combined index %?om the final year was 
approximately half that of the first year (Table 4a). 

b Target SSO or OEO, post-GPS series. Data used were from 1992-93 and 1994-95 to 2000-01 and 
were from east and west The final model for positive catch used season, depth, vessel, and axis- 
position and that for zero catch used vessel, axis-position, year, depth, and season. The combined 
index changed little over time (Table 4b). 

c Target SSO or OEO, post-GPS west series. Data used were &om 1992-93 and 1995-96 to 2000-01. 
The final model for positive catch used depth, season, axis-position, vessel, and year and that for 
zero catch used axis-position, vessel, year, time, depth, and season. The final combined index 
was approximately twice that of the first year index (Table 4c). 

d bycatch post-GPS series. Data used were from 1992-93 to 2000-01 and were mainly fiom the east 
The final model for positive catch used axis-position, vessel, season, and depth. The positive 
catch index in the last year was about half that of the first year (Table 4d). 

WEST WEST 

EAST 

Figure 5: Standardised CPUE indices (crosses) for target SSO, pre-GPS series (upper Left), target SSO 
or OEO, post-GPS west series (upper e h t ) ,  bycatch post-GPS series (lower). The vertical lines 
are i l  s.d. The grey rectangle represents the years when data were excluded because of the 
introduction of GPS. 



Table4 Smooth oreo ,time series of combined and 'positive catch abundance indices from 
standardised CPUE analyses. 

Year Combined index Jacldmife C.V. 

(a) Target SSO preGPS 
198 1-82 1.40 
1982-83 1.36 
1983-84 1.04 
198485 0.84 
1985-86 1.00 
1986-87 0.99 
1987-88 0.89 
1988-89 0.68 

@) Target OEOISSO post4PS 
1992-93 1.00 
1994-95 1.23 
1995-96 0.73 
1996-97 1.06 
1997-98 0.87 
1998-99 0.92 
1999-2000 1.17 
20o(M1 1.10 
(c) Target OEOISSO post-GPS, west 
1992-93 0.66 
1995-96 0.77 
1996-97 1.16 
1997-98 1.05 
1998-99 1.01 
1999-2000 1.34 
2000-01 1.20 

(d) Bycatchpost-GPS 
Year Positive catch index 
1992-93 1 SO 
199S94 1.13 
1994-95 1.06 
1995-96 0.99 
199697 1.19 
1997-98 0.85 
1998-99 0.90 
1999-2000 0.85 
2000-01 0.72 

Jacknife C.V. 

39.1 
16.1 
16.6 
31.3 
92.4 
28.7 
14.7 
28.4 
39.2 

3.4 Relative abundance estimates from trawl surveys 

Trawl surveys of oreos on the south Chatham Rise were carried out in seven years between 1986 and 
1995 (Table 5). The abundance estimates from the surveys before 1991 were not considered to be 
comparable with the Tangaroa series because different vessels were used. Other data from those early 
surveys were used, e.g., gonad staging to determine length at maturity. The 1991-93 and 1995 
"standard" (flat, undulatin& and drop-off ground) surveys are comparable but were considered to be 
problematic because catchability estimates were inconsistent (Doonan et al. 1997a). The estimates were 
not included in the base case for the 2001 stock assessment (Doonan et al. 2001) and are not included in 
this assessment 



Table 5: 

Year 
1986 
1987 
1990 
1991 
1992 
1993 
1995 

Random stratified trawl surveys (standard, Le, flat tows only) for oms  on the south Chatham 
Rise (OEO 3A & OEO 4). 

Area 
(lad 

47 137 
47 496 
56 841 
56 841 
60 503 
60 503 
60 503 

Vessel 
Arrow 
Amaltal h lore r  
CordeIla 
Tangama 
T a n p a  
T m g ~ a  
TMgW'Oa 

Survey area 
South 
South 
South, southeast 
south, southeast 
South, southeast 
South, 
South, southeast 

No. of 
stations 

186 
191 
189 
154 
146 
148 
172 

Reference 
Fincham et al. (1987) 
Fenaughty et al. (1988) 
McMillan & H a t  (1994a) 
McMillan & H;at (1994b) 
McMillan &Hart (1994~) 
McMian & Hart (1995) 
Hart & McMillan (1998) 

3.5 Absolute abundance estimates from acoustic surveys 

Absolute abundance estimates were made using revised target strength estimates for black oreo and 
smooth m o .  

1998 survey 
Absolute estimates of abundance were available fiom the acoustic survey on oreos that was carried 
out &om 26 September to 30 October 1998 on Tangaroa (voyage TAN9812) (Doonan et al. 2000). 
The survey covered 59 bmsects over 6 strata on the flat and 29 transects on 8 seamounts (Figure 6). 
A total of 95 tows was canied out for target identification and to estimate target strength and species 
composition. The 1998 survey abundance was reestimated for total smooth o m ,  instead of just 
recruited 6sh as reported in Doonan et al. (2000, 2001). The scale-up factor to take the flat survey 
abundance to the trawl survey area was also re-estimated for total (versus recruited) smooth oreo. The 
latter value became 1.75 (2.0 for recruited fish) for the abundance as a single area and also for the 
east area, and 2.21 for the west area. The scale-up factor to take the trawl area abundance to the 
whole of OEO 4 was also revised upwards from 1.07 to 1.11. The same values were used when the 
abundance was split into layef(unfished) and school (fished) mark-types. Abundance estimates are in 
Table 6. 

2001 survey 
Absolute estimates of abundance were available &om the acoustic survey on oreos carried out 
between 16 October and 14 November 2001 using Tangaroa for acoustic work and Arnaltal Explorer 
for trawling (Doonan et al. 2003). The flat survey included 138 transects and 84 trawls over 10 flat 
area sttata whilst the seamount survey included 46 transects and 36 trawls over 14 seamounts (Figure 
7). Abundance estimates are given in Table 6. 

Figure 6: 1998 OEO 4 acoustic survey area showing smooth ore0 (2-S,22 & 42) and black 
ore0 (7) flat strata (dark lines) and transects (dashed lines). Seamounts selected 
for sampUng (*) plus seamounts listed but not selected for sampliig(0). 



Figure 7: 

Table 6: 

Area 
1998 
west 
F A  
All 

2001 
West 
East 
All 

Flat strata and seamounts surveyed (fied triangles) in the ZOO1 acoustic survey. Seamounts 
not surveyed are the empty triangles. The dotted line is the 1000 m depth contour. 

Estimated absolute abundance (t) from acoustic surveys in 1998 and 2001 by mark 
type, east, west and for the combined area. evs are in parentheses (Oh). -, not 
estimated 

Mark-- 
A ~ I  Layer school 

3.6 Length data analyses 

Observer length frequencies 
Observer length data were extracted from the observer database. These data represent proportional 
catch at length and sex. Starr (Deepwater Working Group unpublished docpent #02/51, 6 June 
2002) found that the observer data needed stratifying on the basis of a west-east split at 178' 12.6' W 
and also on a 6 month seasonal split. The working group settled on October-March and April- 
September periods resulting in a total of four strata for OEO 4 with two in each of the west and east 
parts. The length eequencies were combined over strata by the proportion of catch in each stratum. 
Using seasonal strata meant that many years did not have data for each stratum (Table 7). The rules' 
used to f o m  length hquencies w&e: 

o there must be data in each stratum, except when the proportion of catch in a stratum was 
lower than 5% (all areas) or 10% (east or west area separately); 

o a total of at least 5 tows for the year; 
o tows were excluded where there was not more than 30 fish measured or if there were no data 

on either females or males. 

This resulted in 10 years' data for the east, 5 years' data for the west (Table 7), and 3 years' of length 
data being selected for OEO 4 for all areas Table 8). 



Table 7: 

Year 
West area 
1987 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
East area 
1987 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2M)o 
2001 

Table 8: 

Year 
1987 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 

Observer length frequencies for tbe west, east, and combined areas: percentage catch and 
number of tows with length data by season strata, and whether a length frequency was used - 
in the stock assessment assessment - 

October-March April-September October-March AprilSeptember Assess 

Yes 

Yes 

Yes 

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Observer length frequencies for the combined area: percentage catch and number of tows by 
stratum (season and area) for the length data, and whether a length frequency was used in 
the stock assessment 

c e  
L E n r t  
Oct-Mar Apr-Sep Oct-Mar Apr-Sep 

53.7 20.3 16.1 9.9 
23.9 102 39.8 26.2 
13.5 3.3 59.1 24.1 
21.0 8.7 46.3 24.0 
12.3 9.7 43.3 34.6 
8.1 15.7 46.8 29.4 
9.8 7.5 36.2 46.5 
8.5 11.8 37.3 42.4 

26.4 8.4 44.0 21.2 
20.2 7.1 62.5 10.2 
18.1 12.0 63.9 6.1 
22.9 6.2 59.2 11.7 
19.0 7.2 48.6 25.1 
18.6 7.9 37.8 35.6 

N u m k m f h m  
L E a d  
Oct-Mar Apr-Sep Oct-Mar Apr-Sep Assess 

2 2 0 0 
10 5 1 0 
4 0 0 0 

16 0 25 4 
6 0 45 8 
0 0 13 15 
1 0 62 32 
1 0 42 28 
9 10 6 6 Yes 

11 0 28 3 
2 9 20 9 Yes 
0 7 30 21 
3 15 14 0 
9 15 50 4 Yes 



The distribution employed for the length firequency was lognomal (Bull et al. 2002) and required the 
c.v.s to be estimated for the fresuencies. This was done using an estimated relationship between 
log(cvj n O.3 and l/log@roportionj ), where j indexes the length classes, n is the number of tows, and 
cvj n O5 represents the C.V. of a length class for one tow. The data for this regression were obtained by 
bootstrapping the tows within each stratum for aparticulat year. Only datasets with five or more tows 
were used Preliminary investigations showed that for the west area, there were no seasonal C.V. 

differences so the data sets were combined There were three relationships estimated: west, east Oct- 
March, and east April to September. The linearity of the log(cv) and l/log@roportion) is shown in 
Figure 8 for the east October to March data. Results are in Table 9. 

Table 9: C.V. estimates for the length frequencies: estimated coefficients for the regression, 
log(cv) =A + B llog@roportion). S.E., standard error. 

L E M  Or.t-March E l d  &&s@ 
Coefficient Value S.E. Value S.E. Value S.E. 
A 2.25 0.04 2.58 0.03 2.35 0.06 

Length frequency data from the 2001 acoustic survey 
Population length frequencies were generated for the whole area, the east and west parts, and for the 
school and layer mark-types in the east and west parts. These kquencies were in the CASAL fom 
that included an implicit sex ratio, i.e., the normalisation was over both male and female frequencies 
so that the sum of the ftequencies over bothsummed to 1, not 2 as in the more usual way. Each 
frequency was estimated using the length data from trawls in each mark-type sub-stratum weighted 
by the catch rates and the proportion of abundance in the sub-stratmu. For the flat strata, the method 
was: 

where f is the length ftequency, 1 is the length class, s = sex, I = stratum, j = mark-type, k -- tows 
within mark j and stratum i, CI = catch rate, and N = abundance by numbers. N was estimated as the 
abundance by weight divided by the mean weight, where the mean weight was a mean weighted 
bycatch rate. The denominator for the catch rate part was over both males and females to account for 
the sex ratio. For seamounts, the same fom was used, but some changes were needed to account for 
subsampling of seamounts within each of the three groups of seamounts. The length frequency for the 
whole area is given in Figure 9 4  for females in the east part in Figures 9B and 9C, and for females in 
the west are in Figures lOA and 10B. 



Proportion 

Figure 8: East, October to March stratum: log(cv) versus l/log@roportion). Dashed line, a 
smooth curve (Lowess) through the data. Solid line, estimated regression Line. 



Figure9: Acoustic survey 2001 length frequencies. A) female (solid line) and male (dashed line) 
frequencies for the trawl survey area. B) east female length frequency for the school mark- 
types (solid Line) and layer mark-types (dashed line). C) east female frequency for the school 
mark-types (solid h e )  and an approximate interquartile region (shaded area) for the annual 
observer length frequencies in the east area for the years 1991 to 2001. Annual observer 
length frequencies were obtained by weighting the tow data by catch only, I.&, seasonal 
adjustments were not used. 



Figure 10: Acoustic survey 2001 length frequencies. A) west female length frequency for the school mark- 
types (solid line) and layer mark-types (dashed line). B) west female frequency for the school 
mark-types (solid line) and an approximate interquartile region (shaded area) for the annual 
observer length frequencies in the west area for the years 1991 to 2001. Annual observer 
leugth frequencies were obtained by weighting tbe tow data by catch only, i.e., seasonal 
adjustments were not used. 

A l o g n o d  distribution was used for the error structure of the length frequencies and the c.v.s 
estimated from a log(cv) versus iflog@) relationship, where p was the frequency. The relationship 
was estimated from bootstrapped c.v.s that had two parts. First, the tow data were re-sampled within 
each sub-stratum (mark-type in an area stratum) and, secondly, the Nii were bootstrapped *om the 
estimated abundance (i.e., they included bootstrapping from catches, acoustic backscatter and target 
strengths). The trawl catches induced a correlation between the bootstrapped Nij and the re-sampled 
tow data for the length frequencies because these data were used in both parts of the analysis and to 
be consistent they should be re-sampled once and used in both parts. However, this correlation was 
ignored here since the development of software to continue this analysis was beyond the scope of the 
study and so the tow data in each part were treated independently. The estimated relationships based 
on 200 bootstrap values are given in Table 10. 



Table 10: 

Area 
Whole 
West 
West 
west 
East 
East 
East 

ev. estimates for the 2001 survey acoustic length frequencies: estimated coefficients for the 
regression, log(ev) = A  + B nog(pmportion). 

Mark-types 
All 
All 
School 
Layer 
All 
School 
Layer 

Value S.E. 
0.33 0.09 
0.74 0.1 
0.63 0.13 
0.83 0.12 
0.39 0.1 
1.08 0.14 
0.52 0.16 

Value 
7.49 
7.74 
8.07 
7.86 
7.73 

10.43 
7.62 

3 
S.E. 
0.41 
0.49 
0.6 

0.55 
0.47 
0.63 
0.68 

Figure 9C shows the close correspondence between the observer length data and the school mark- 
types. The observer 'data relate well to the school mark-types length frequency, but not to the layer 
mark-type frequency, although there appears to be some selectivity within the school mark-types 
since the observer data is shifted to larger values by about 1.5 cm in the case shown (female, east 
area). Similar patterns occur for the length frequencies of males and those fiom the west area. 

0bs&ations of fishing during the survey and anecdotalevidence fiom fishers corrob&e this 
correspondence. Further, catch rates in the layer mark-types were too low to be economic. Also, 
remarks h m  the skipper of the catcher vessel indicated that some marks in the school mark-types 
would not be fished as they were too small and shallow, so some selectivity is practised and this may 
be the cause of the s m  in length fkquencies fiom the school mark-types and the observer data 

3.7 Biological data 

The fixed values for the life histo~y parameters used in the assessment are h Doonan et al. (1997b) 
(Table 11). Growth was von Bertalanffy and rermitment was Beverton & Holt. In some cases growth or 
natural mortality (M) were estimated 

Table 11: F h d  life history parametem for smooth oreo. 

Parameta Symbol (unit) 
Natural mortality M ~ i ' )  
von BertalanQparameters Lo (m, TL) 

k W') 
tow 

Length-weight parameters a 
b 

Recrui'anent variabiiity 
Recruiment steepness 

Female Male 
0.063 0.063 
50.8 43.6 

0.047 0.067 
-2.9 -1.6 

0.029 0.032 
2.90 2.87 
0.65 0.65 
0.75 0.75 

3.8 Development of base case 

A base case was used to develop the Markov Chain Monte Carlo (MCMC) analysis and to estimate 
yields. Early model runs showed that the likelihood values were dominated by the fits to the observer 
length frequency data. In order to fit the length ffequency data, either growth or M needed to be 
estimated in the model. When M was estimated the value doubled from 0.063 to about 0.12 
depending on the exact data inputs used At this value the chance of seeing fish over 50 years old was 
small, but this is at variance with the age data that contained fish of more than 50 years. It was 
therefore more logical to estimate growth and this strategy was approved by the Deepwater Working 



Group. The poor model fits involved the right-hand limb of the length frequency distributions where 
fixed growth parameters values caused the model to estimate more large fish than were observed. 
Changing L and the spread of the lengths-at-age distributions had the merit of fitting the data 
directly rather than via a chain of indirect links ashappened when M was estimated by the model. It 
is acknowledged that allowing the model to estimate growth shows that there is a conflict between 
the data used to estimate the fixed parameter values of growth, the M estimate, and the length 
frequency data, and therefore that this makes this assessment more uncertain. 

The base case used an eastrwest split for all data inputs, a fixed M (0.063), and assumed that a fixed 
proportion of year 1 fish went to the west area with no migration fiom the east to the west area. 
Estimated model parameters included two growth parameters & and the C.V. of the length 
distribution) with the third growth parameter (k) fixed at the values in Table 11 (it was not possible at 
the time to incorporate length and age data into the model). All sets of length data were fined to the 
model using a log-normal likelihood with process errors. 

Estimated model parameters and priors are presented in Table 12 and parameter names and codes are 
listed in Table 13. 

Table 12: Estimated parameters and priors of the NIWA CASAL assessment modeL U, uniform 
distribution estimated for b o a  sexes combined. *, estimated for males and females separately. 

Parameter 
Virgin biomass 
West catchabiiity coefficient [pre-GPS CPUE] 
East catchability coefficient [post-GPS CPUE] 
West catchability coefficient [postGPS CPUE] 

Age-based selectivity - commercial fishery 
Age at 50% selected (east & west) 
Extra years to 95% selected (east & west) 

Agebased selectivity - acoustic survey 
Age at 50% selected (east & west) 
Extra years to 95% selected (east & west) 

Von Bertalanffy parameters* 
L 

C.V. of length-&age distribution* 
C.V. of proporti6n of year I fish going to the west 

Pmc& errors 
Commercial length data 
Acoustic length data (east) 

Number 
1 
1 
1 
1 

2 
2 

2 
2 

2 

2 
1 

2 
1 

Prior 
In BO -U[O, in (500 OOO)] 
UP,  11 
U[O, 11 
U[O, 11 

U[30,60 cm] 

U[O, 0.31 
U[O, 11 



Table 13: 

Code 

Parameters for which correlations and posterior dihibntions are given: parameter codes and 
descriptions. 

Description 
Mature virgin biomass 
Proportion of year 1 recruits moving to the west 
Length-at-infinity, females 
Length-at-infmity, males 
C.V. for female length-at-age distribution 
C.V. for male length-at-age distribution 
West fishery selectivity, age at 50% selection 
West fishery selectivity, ages from 50% to 95% 
selection 
East fishery selectivity, age at 50% selection 
East fishery selectivity, ages from 50% to 95% 
selection 
East acoustic 2002 selectivity, age at 50% 
selection 
East acoustic 2002 selectivity, ages from 50% to 
95% selection 
West acoustic 2002 selectivity, age at 50% 
selection 
West acoustic 2002 selectivity, ages from 50% to 
95% selection 

3.9 Projections 

No projections were performed because of the uncertainty associated with this assessment 

3.10 Biomass, yields, current surplus production 

Biomass was estimated as the median of the posterior distributions. For all the yield calculations, a 
fixed catch split between east and west was used that was estimated *om the catch data from 
199697 to 200M1.  The split was 29% for the west and 71% fiom the east 

Estimation of Maximum Constant Yield (MCY) 
The method of Francis (1992), extended by Bull et al. (2002), was used 

Estimation of Current Annual Yield (CAY) 
CAY was estimated using the methods given by Francis (1 992), extended by Bull et al. (2002). 

Estimation of Current Surplus Production (CSP) 
The CSP was estimated by finding a catch for the current year that kept vulnerable biomass the same 
at the start of the subsequent year. 

4. RESULTS 

4.1 MPD results 

The MPD parameter estimates and run details are listed in Tables 14 and 15. Estimating growth or M 
reduced the total log-likelihood very significantly (Table 14), with a change of more than 170 units 



Table 14: Run summary: MPD fits. Run 1 -fixed growth and mortality, no migration from east to west. 
Run 2 (base case, bold) - growth estimated by the model mortality fixed, no migration from 
east to west. Run 3 - mortality estimated by the model, growth fued, no migration from east 
to west Run 4 -growth estimated by the model, mortality fued, migration from east to west - 
, not applicable. 

(a) Estimated parameters 
V i  biomass (t) 
L-female (an) 
L m a l e  (cm) 
C.V. L female 
C.V. L male 
Natural mortality 

Selectivity (yeas): 
West fishery, age at 50% selection 
West fishery, ages 50-95% selection 
East fishery, age at 50% selection 
East fishery, ages 50-95% selection 
East acoustic, age at 50% selection 
East acoustic, ages 50-95% selection 
West acoustic, age at 50% selection 
West acoustic, ages 504~5% selection 

Run 1 Run 2 Run 3 

Migration, east to west (double normal capped ogive, see Bull et al. 2002, p. 41): 
a, - age at maximum selectivity (years) 
SL. - S.D of left hand l i b  
S r  S.D of right hand limb 
a, - maximum selectivity at a, 
Proportion recmited to West 

C.v of process error for length 6equencies: 
East acoustic survey 
West acoustic survey 
East fishery (observer) 
West fishery (observer) 

@) Log-liellhoods for data sets 
East acoustic abundance 
West acoustic abundance 
East (bycatch) post-GPS CPUE 
West (target) postGPS CPUE 
West (target) pre-GPS CPUE 
East acoustic survey length frequency 
West acoustic s w e y  length fbquency 
East fishery (observer) length frequency 
West fishuy (observer) length frequency 
West fishery catch penalty 
East fishery catch penalty 
Prior on Bo 
Prior on natural modality 
Total 

Run 4 

154 000 
47.19 
41.04 

0.1 
0.1 
- 



Table 15: Run summary: MPD f i .  Run 1 - fued growth and mortality, no migration from east to west 
Run 2 (base ease, bold) - growth estimated by the model, mortality fued, no migration from 
east to west Run 3 - mortality estimated by the model, growth fued, no migration from east 
to west Run 4 -growth estimated by the model, mortality fued, migration from east to west - 
, not applicable- 

Biomass estimates 
Mid-year, mature 
Bo 
Bzmz 
B l d o  

Mid-year, mature-W 
Bo 
Blom 
Bzomlso 

Mid-year, vulnerable 
BY 
Bzom 
B~cndBo 

Mid-year, vulnerable-W 
Bo 33 100 33 800 29 900 33 600 
Bzom 2 160 4 470 13 200 4 120 
&ad&? 7% 13% 44% 12% 

for only four extra parameters (growth) or one extra parameter (M). Most of this change was 
associated with the east observer length frequency data. Estimating growth or M also increased the 
estimate of Bo and made the assessment more optimistic, in terms of the current biomass relative to 
the virgin state (Table 15). Estimating growth also influenced the age distribution and therefore 
changed the selectivities (lenflage), e.g., for the east fishery the age at 50% selection increased 
from 18 to 25 years. 

The east abundance data fitted the model except for the 2001 acoustic abundance which was above 
the biomass trajectory (Figure 11). The west acoustic abundance data did not fit the model well 
(Figure 11). The acoustic survey and observer length frequency data fits were mostly poor at the peak 
of the distributions, with the model acoustic length kequency systematically to the left of the 
observed distribution on the left hand limb (Figure 12). The Q-Q normal plots of the residuals 
(Figures 12-16) are approximately standard normal (as they are assumed to be in the model) with the 
exception of the west acoustic length kequency (Figure. 16). The latter is normal shaped over most of 
it's range but the model wanted to increase the process error (fixed at 0.015). Fits and Q-Q normal 
plots to annual observer length frequencies are given in Appendix B. 
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Figure 11: Fits of the abundance data in the base case. Black dots are the acoustic (absolute) estimates. 
Asterisks are the CPUE indices scaled by catchabilities to abundance. Curved lines are the model 
estimates of biomass (t). Vertical error bars for acoustic and CPUE estimates are * 2 S.D. 



West 

East 

Length (cm) 
Male Female 

Figure 12: Model t i ts (dashed line) of the 2001 acoustic length frequency data (triangles) in the base case, 
males on the left and females on the right The right-hand axis shows a plot of normallred 
residuals (crosses) averaged as absolute values across years. 
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Quantiles of standard normal 

Figure 14: Q-Q normal plots for all the normalised residuals (crosses) from the three CPUE indices. The 
dashed Line is the 1:l line and the solid line is the regression line estimated from the residual 
points between -1 and I on the x-axis. 



I 

West 

East 

Quantiles of standard normal 

Figure 15: Q-Q normal plots for all the observer length frequency normalised residuals (crosses). 
The dashed h e  is the 1:l Une and the solid h e  is the regression h e  estimated from the 
residual points between-1 and 1 on thex-axis. 



West 

East 

Quantiles of standard normal 

Figure 16: Q-Q normal plots for aU the 2001 acoustic length frequency data normalised residuals 
(crosses). The dashed line b the 1:l line and the solid line b the regression line estimated from 
the residual points between -1 and 1 ou the x-axh. 

4.2 Bayesian estimates 

Convergence diagnostics were run on a chain of final length 3886 x lo3, after a bum-in of 300 x 10' 
iterations, after systematically subsampling every 1000th sample. Autocorrelations and single chain 
convergence tests of Geweke (1992) and Heidelberger & Welch (1983) were applied to the resulting 
chain to determine non-convergence. The tests used a significance level of 0.05 and the diagnostics 
were calculated using the Bayesian Analysis Output software (Smith, B.J., 2001. Bayesian output 



analysis program. Version 1.00 user's manual. Unpublished manuscript 45 p. University of Iowa 
College of Public Health. http://www.public-health.uiowa.edu/boa). Table 16 shows that the MCMC 
nms converged. 

Table 16: Convergence tesis carried out on the MCMC chain. See Table 13 for parameter codes and 
description. 

Parameter 
Bo 
RZW 
L-f 
L-m 
cv-f 
cv_m 
wE.50 
wE.95 
EF.50 
EF.95 
EA.50 
EA.95 
WAS0 
WA.95 

Heidleberger and Welch test 
Stationady Halfwidth 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 

Geweke test 
P value 

0.05 
0.04 
0.63 
0.74 
0.62 
0.20 
0.42 
0.36 
0.73 
0.40 
0.90 
0.67 
0.54 
0.48 

Bayesian estimates were therefore based on the median of a 3886 long MCMC. The MCMC runs did 
not estimate the process error of the length data so these were fixed at the MPD estimates. Table 17 
shows that the summarked posterior distributions and most parameters had low c.v.s, i.e., 11% or 
less. The parameters that did not have a low C.V. included all the selectivity parameten of the extra 
age from 50% to reach 95% selection Three of these had large c.v.s (greater than 60%) but median 
value ranges were small, 0.5-2 years, and these low values suggest almost knife-edge selectivities. 

Table 17: Bayesian estimates: summary statistics of the posterior distributions for the base case. See 
Table 13 for parameter codes and description. 

Median 
172 000 

0.25 
46.96 
40.88 
0.10 
0.10 

27.14 
1.34 

25.19 
5.65 
9.25 
1.99 

23.04 
0.53 

Mean 
173 000 

0.26 
46.97 

.40.88 
0.10 
0.10 

27.16 
1.61 

25.21 
5.50 
9.35 
2.20 

23.04 
0.62 

There were some strong correlations between the proportion of year 1 recruits moving to the west 
(RZW) and mature vu& biomass (Bo), female and male L (L-f & L-m), the c.v, for female and 
male length-at-age dishibutions (cv-f & cv-m), the two east fishery selectivity parameters (EF.50 & 

34 



EF.95), and the two east acoustic selectivity parameters (Ek50 & EA.95), Appendix C, Figure C1. 
Plots of posterior distributions for the base case model results using 500 samples of the MCMC chain 
ate shown in Appendix C, Figures C245.  The posterior distributions all had relatively low variation 

The distributions for the current mature biomass and the current vulnerable biomass as a percentage 
of virgin biomass (Figure 17) are approximately symmetrical. 

Current mahrre biomass (%W 

Current vulnerable biomass (%BO) 

F i r e  17: Posterior diitniution of the derived parameters: current mature biomass as a percentage of the 
vtrgin biomass (A) and current vulnerable biomass as a percentage of the virgin biomass (B). 

4.3 Parameter uncertainty 

The very small spreads (range) in the postelior distributions suggest a very precise analysis, and this 
conclusion is in contrast to the fit achieved in the model. This implies that there is enough data used in 
the analysis, given the error structure, to give a precise solution. However, the solution is a compromise 
between the competing data sets that on their own would give different solutions. These data codicts 
are expressed through the poor fits, especially for the west data. The ability of the model to 6nd a 



compromise solution is expressed though the small spreads in the posterior distribution. 

4.4 Interpretation of uncertainty 

Sampling error and the quantity of data arenot a problem in this analysis, but there are large potential 
biases in the data that could shift theassessment substantially. These include: using deterministic 
recruitment, the large proportion of the total acoustic abundance found in the layer marks, using a 
linear relationship between standardised CPUE and abundance, and treating the acoustic abundance 
as an absolute value. In addition, the growth data, and perhaps the M data, are in conflict with the 
observer length frequency data and this conflict was dealt with by estimating growth within the 
model. This is not a satisfactory solution and further work is required (outside the time frame for this 
study) to investigate the precise reason for the conflict. The error in the estimate of M was not 
incorporated into the model although it potentially could be since the M estimate had a C.V. of 25% 
(Doonan et al. 1997b). 

4.5 Biomass, yields, current surplus production 

The estimates of biomass and yield Eom the base case analysis were dominated by the acoustic 
absolute abundance estimates and observer length data. The biomass estimates are given in Table 18. 

Table 18: Biomass, yield, and Current Surplus Production (CSP) estimates (t). -, not estimated or na 

(a) Biomass estimates 
OEO 4 
Mature virgin 
Mature 2001-02 mid-year 
Vulnerable virgin 
Vulnerable 200142 mid-year 

BMCY 
BMY 
t midyear vulnerable biomass 

East 
Mature 200142 mid-year 
Vulnerable 200142 mid-year 

West 
Mature 200142 mid-year 
Vulnerable 2001-02 mid-year 

@) Yield estimates 

(c) CSP estimate 
CSP 

Median 
172 000 
90 400 

140 000 
65 100 

Mean 
t37 000 
t23 000 

77 000 
60 700 

13 300 
4 390 

Mean 
4 200 
7 700 

3 500 

90% C.I. % mid-year OEO 4 Bo 
147 000-209 000 - 
67000-127000 55 

119 000-174 000 - 
44 500-98 200 46 

% mid-year OEO 4 Bo 
34 
21 

% mid-year east Bo 
54 3W113 000 62 
39900-93400 57 

% mid-year west Bo 
1 1  700-15 400 32 

3 390-5 500 13 

Estimation of Maximum Constant Yield (MCY) 
The BMCr estimate was 34% of vulnerable Bo. Base case estimates using vulnerable biomass are in 
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Table 18. 

Estimation of Current Annual Yield (CAY) 
Estimates are summarised in Table 18. Bmy is 21% of  vulnerable^^. FCAY, the maximumconstant 
fishing exploitation rate (F) that can be applied to the vulnerable population (without reducing the 
mature population below 20% BO more than 10% of the time), for a population with the life history 
parameters as in Table 11 is 0.081. The-mean catch when fishing at F = 0.081 was 4100 t 

Estimation of Current Surplus Production (CSP) 
The CSP estimate was 3500 t (Table 18) and was the catch that ensured that the vulnerable biomass 
at the end of the 200243 fishing year was the same as the mature biomass at the end of 200142. 

5. DlSCUSSlON AND CONCLUSIONS 

The smooth oreo biomass'estimates h m  the base case analysis for the whole of OEO 4 (median mature 
200142 mid-year biomass of90 400 t, 55% of Bo) and yield estimates h m  the base case (MCYb- 
of 4200 t) suggest that an annual catch of 4284 t (mean catch in OEO 4 ftom 2001-02) is sustainable. 
But there are problems with some of the inputs to this assessment that require further work (beyond the 
scope of tbis project). The main concern is the use of the two acoustic survey abundance estimates as 
absolute values. The assumption that the acoustic estimates were unbiased absolute estimates is a 
dif3icult one to test A large proportion of the smooth ore0 acoustic abundance fium both the 1998 q d  
2001 surveys (about 70%) came fmm the layer mark-type, but layers are not normally fished by the 
commercial fleet The model does not ''know" this and uses a selectivity to partition the population into 
unfished and W e d  parts. The selectivity is based on the observer length distribution and that 
dishbution overlaps with part of the layer length d i s h i o n  and so some layer abundance can be 
allocated to the fished part of the abundance. The acoustic estimate from layer mark-types may be 
biased high because small fish were not sampled in the bawl catches resulting in an overestimate of the 
proportion of smooth o m  in the mix of species found in layers. The relative catchabilities of other 
species is also uukuown, but are assumed to be the same as that for smooth oreo. In conimst, school 
marks are fished by the commercial fleet, the composition of smooth oreo in these schools is high, and 
there is more confidence that the estimated acoustic abundance for the school mark-type is unbiased 

Growth or natural mortality (M) had to be estimated withb the model in order to fit the available data, 
particularly to fit the commercial and acoustic length frequency data. This result implies that these 
data are inconsistent with the estimate of M derived from the ageing data or with the growth rate 
estimates obtained from the age-length data (Doonan et al. 199%). It is possible that either the age- 
length data or the commercial length fkquency data are biased, but it is not possible to determine 
which data set is incorrect within this project. Alternatively there could be a mis-specification in the 
structure or assumptions of the assessment model. An example of the latter might be migration of fish 
to an area outside the area considered by the model. 

Model biomass' estimates have extra uncertainly fiom a number of other factors that are outside the 
model and the analyses, including the sensitivity to the target strength of smooth ore0 and the use of 
deterministic recruitment h o t .  uncertainty is that the east and west areas may have behaved 
differently, i.e., the west area mid-year (2001-02) mature biomass was 32% Bo while the east area was 
62% Bo. Vulnerable biomass from the west was 13% west Ba, below the 21% ratio of BWY for OEO 
4, while the east estimate was 57% east BO and much greater than the 34% ratio of BMCY for OEO 4 
and suggests that the effects of fishing weren't spatially uniform along the Chatham Rise. 

Some conclusions can be drawn &om this assessment. . A smooth oreo catch of about 4200 t may be sustainable in OEO 4, but that conclusion 
depends on the key assumption that the acoustic abundance values from the 1998 and 2001 



m-veys are unbiased estimates of absolute abundance. That assumption was questioned 
because of the large amount of acoustic abundance attributed to the layer mark-type in both 
m e y s .  

0 In future it may be better to consider the acoustic estimates as relative abuadance, but this 
depends on having a series of acoustic estimates, so it is essential to continue to build a series 
of OEO 4 smooth ore0 acoustic estimates over time. 
Poor model fib required M or growth to be estimated within the model. This suggests that 
these parameters should be reestimated experimentally in the future to corroborate or 
otherwise the earlier estimates. 

6. ACKNOWLEDGMENTS 

This work was carried out for the Ministry of Fisheries nnder project OE02001102. We thank Dieter 
Ayers M A ,  Wellington) for providing comments on the manuscript 

7. REFERENCES 

Bull, B.; Francis, R1.C.C.; Dunn, A; Gilbett, D.J. (2002). CASAL (C++ algorithmic stock assessment 
laboratory): CASAL User Manual v1.022002/10/21. NIKA TechnicaIReport 11 7.199 p. 

Clark, M.R; Anderson. O.F.; Gilbert, D.J. (2000). Discards in bawl fiheries for southern blue whiting, 
orange mughy, hoki, and o m s  in waters aroundNew Zealand. MWA Technical Report 71.73 p. 

Cobum, RP.; Doonan, I.J.; McMillan, P.J. (2001). Smooth oreo abundance indices from standardised 
catch per unit of effort data for OEO 4. New Zealand Fisheries Assessment Report 2001/11.39 p. 

Doonan, LJ.; Hart, k c . ;  McMillan, P.J.; Coombs, RF. (2000). Oreo abundance estimates from the 
October 1998 survey of the south Chatham Rise (OEO 4). New Zealand Fisheries Assessment Report 
2000/52.26 p. 

Doonan, LJ.; McMillan, P.J.; Cobum, RP.; Hart, AC.; Cordue, P.L. (1995). Assessment of smooth oreo 
for 1995. New Zealand Fisheries Assessment Research Document 95112.31 p. (Unpublished report 
held in NIWA library, Wellington.) 

Doonan, LX; McMillan, P.J.; Coburn, RP.; Hart, kc. (1996). Assessment of Chatham Rise smooth 
ore0 (OEO 3A and OEO 4) for 1996. New Zealand Fisheries Assessment Research Document 96/17. 
21 p. (Unpublished report held in NIWA hirary, Wellington.) 

Doonan, I.J.; McMillan, P.J.; Cobum, RP.; Hart, kc. (1997a). Assessment of Chatham Rise smooth 
oreo (OEO 3A and OEO 4) for 1997. New Zealand Fisheries Assessment Research Document 
97121.26 p. (Unpublished report held in NIWA library, Wellington.) 

Doonan, LJ.; McMillan, P.J.; Cobum, RP.; Hart, A.C. (2001). Assessment of OEO 4 smooth oreo for 
2000-01. New Zealand Fisheries AssessmentReport 2001/2l. 37 p. 

Doonan, LJ.; McMillan, PJ.; Hart, AC. <1997b). Revision of smooth oreo life history parameters. New 
Zealand Fisheries Assessment Research Document 9719. 11 p. (Unpublished report held in N!NA 
library, Wellington.) 

Doonan, LJ., McMillan, P.J.; Hart, k c . ;  Coombs, RF. (2003). Smooth ore0 abundance estimates from 
the October-November 2001 acoustic survey of the south Chatham Rise (OEO 4). New Zealand 
Fisheries Assessment Report 2003L26.21 p. 

Fenaughty, J.M.; Banks, D.k; Hart, k c . ;  McMillan, P.J. (1988). Cruise report: the second stratified 
random bottom trawl swey of the south Chatham Rise, November 1987. Fisheries Research 
Centre Internal Report No. 99.73 p. (Unpublished report held in NIWA library, Wellington.) 

Fincham, D.1.; Banks, D.A.; McMillan, P.J. (1987): Cruise report - stratified random bottom trawl 
survey of the southern Chatham Rise, 600 1200 m, 31 October-7 December 1986. FRD Internal 
Report No. 74: 1 63. (Unpublished report held in NIWA library, Wellington.) 

Francis, RLC.C. (1992). Recommendations concerning the calculation of maximum constant yield 
(MCY) and current annual yield (CAY). New Zealand Fisheries Assessment Research Document 



9218.27 p. (Unpublished report held in NlWA library, Wellington.) 
Francis, R1.C.C. (1999). The impact of correlations in standardised CPUE indices. New Zealand 

Fisheries Assessment Research Document 99142.30 p. (Unpublished report held in NIWA library, 
Wellington) 

Geweke, J. (1992). Evaluating the accuracy of sampling-based approaches to calculating posterior 
moments. In Bayesian Statistics 4. Bemardo, J.M.; Berger, 1.0.; Dawid, A.P.; Smith, AE.M. 
Oxford University Press. 

Hart, kc.; McMillan, P.J. (1998). Trawl survey of oreos and orange roughy on the south Chatham 
Rise, October-November 1995 (TAN951 1). NIWA Technical Report 27.48 p. 

Heidelberger, P.; Welch P. (1983). Simulation run length control in the presence of an initial 
transient. Operations Research 31: 1109-1 144. 

McMillan, P.J.; Hart, AC. (1994a). Trawl survey of oreos and orange mughy on the south Chatham 
Rise, October-November 1990 (COR9004). New Zealand Fisheries Data Report No. 49.46 p. 

McMillan, P.J.; Hart, AC. (1994b). Trawl survey of oreos and orange mughy on the south Chatham 
Rise, October-November 1991 (TAN9104). New Zealand Fisheries Data RepoHNo. 50.45 p. 

McMillan, P.J.; Hart, AC. (1994~). Trawl survey of oreos and orange mughy on the south Chatham 
Rise, October-November 1992 (TAN9210). Nau Zealand Fisheries Data Report No. 51.45 p. 

McMillan, P.J.; Hart, AC. (1995). Trawl survey of oreos and orange mughy on the south Chatham Rise, 
October-November 1993 (TAN9309). New Zealand Fisheries Data Report No. 60.49 p. 

Smith, P.; McMillan, P.; Roctor, C.; Robertson, S.; Knuckey, I.; Diggles, B.; Bull, B. (1999). Stock 
relationships of smooth o m  in New Zealand waters. Final Research Report for Ministry of 
Fisheries Research Project DEE9801. 76 p. (Unpublished report held by Ministry of Fisheries, 
Wellington) 

Ward, RD.; Elliot, N.G.; Yearsley, G.K.; Last P.R (1996). Species and stock delineation in 
Australasian oreos (Oreosomatidae). Final Report to Fisheries Research and Development 
Corporation. CSIRO, Hobart. 144 p. @published report held by CSIRO library, Hobart). 



APPENDIX A 

Analysis of the maturity of smooth oreo 
M a n  Hicks, Ian Doonan, Peter McMiUan 

The data used are the aged smooth oreo data from six trawl surveys. The positions of the,stations 
&om which iish were sampled in each trawl survey are plotted below. 



Survey TAN9208 was done at Puysegur and was excluded from this analysis because the stock 
assessment is for OEO 4 on the Chatham Rise, the survey was done in the early spawning season 
(AugustlSeptember), and initial analyses of the Puysegur data indicate that there are differences when 
compared to the Chatham Rise data. Survey TAN9406 was also excluded because it occurred outside 
the spawning season (was in May, June, July). Therefore, four surveys were used: COR9004, 
JC08417, TAN9210, and TAN9309. 

CHATHAM RISE SSO MATURIN ANALYSIS 

A glm with the logit link was used to fit the proportion mature at age. Ageing error was not assessed. 
Both sexes were analysed to determine if one maturity ogive could be used, or if significant 
differences occur. 

Because stages 2 and 3 may not indicate mature or immature fish (some error of classification), the 
gonad somatic index (GSI) was used to classify fish as mature or immature when called stage 2 or 3. 
GSI is the ratio of the gonad weight to the total fish weight times 100. Plots of the GSI vs. age were 
studied and a threshold was defined where observations above this line would be classified as mature 
and observations below as immature. The decision of a threshold was somewhat subjective, although 
a minimum GSI for older fish that were almost certainly mature was easily seen. A sensitivity 
analysis was carried out with a threshold GSI of half that of mahue fish. All stage 1 fish were 
classified as immature and all stage 4 and 5 fish were classified as mature. 



Males Stage 1 Males Slage 2 Males Stage 3 

~ e n i l e s  Stage 1 Females Stage 2 Females Stage 3 

Females Stage 4 Females Stage 5 

n based on the plots abc A GSI threshold of 0.4 for males and 1 for females w: we. There were 
clear clusters of points above and below these thresholds, especially with the stage 2 fish. The 
thresholds classify few stage 3 fish as immature. 

Using these thresholds and a indicator variable, the glm indicates that the slopes between the two 
lines are not significantly different, but the intercepts are. Males appear to mature earlier than 
females (Figure Al). 



GLM RESULTS 
Value Std. Error tvalue 

(Intercept) -9.89042367 1.9202236 -5.1506624 
ages 0.38968373 0.0812896 4.7937709 
sex 2.13272760 2.3301200 0.9152866 

ages:sex 0.03738302 0.1079672 0.3462443 

Nu11 Deviance: 270.8059 on 78 degrees of freedom 
Residual Deviance: 31.42039 on 75 degrees of freedom 

Analysis of Deviance Table 
Terms added sequentially (first to last) 

Df Deviance Resid. Df Resid. Dev Pr(Chi) 
EULL 78 270.8059 
ages 1 186.5539 77 84.2519 0.0000000 
s e x  1 52.7143 76 31.5376 0.0000000 

ages:sex 1 0.1172 75 31.4204 0.7320445 

F i r e  Al:  Plots of the observed and fitted points for male and female maturity data when using GSI 
thresholds of 0.4 and 1 for males and females, respectively. 

The sensitivity to the threshold was assessed by halving the threshold for each sex to determine the 
difference in the estimated cunre (Figure A2). The threshold was not increased since the values used 
above were the upper bounds of likely thresholds, judged by looking at the GSI plots. The lower 
threshold resulted in the curves shifting slightly to the left since more fish would he classified as mature. 
More difference was seen with the females since more stage 2 fish at young ages were classified as 
mature. 



Males 

Females 

Figure AZ: Sensitivity plotr for the threshold GSI values for males and females. maturity data when using 
GSI thresholds of 0.4 and 1 for males and females, respectively. 

The predicted probabilities of maturity for males and females at two different GSI thresholds for each 
sex are in Table Al.  



Table Al: Predicted probabilities of maturity for males and females at two different GSI thresholds for 
each sex. 
L 
GSI4.4 GSI4.2 

0.00 0.01 

Using the GSI thresholds of 0.4 and 1 for males and females, respectively are recommended. 
Therefore, the age at which 50% are mature would be between 18 and 19 for males and between 25 
and 26 for females. This obviously means using sex specific maturity ogives. 



APPENDIX B: Fits and Q-Q normal plots for each observer length frequency in the 
MPD base case. 
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Males 1892 Females 1992 
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25 30 35 40 45 50 55 25 30 35 40 45 50 55 
Length (cm) Length (cm) 

FigureBl: Annual east observer length frequency distributions (triangles) fitted to the model base case 
(dashed line). The right hand axis shows a plot of absolute normalised residuals (crosses). 
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Figure B1 ctd: Annual east observer length frequency distributions f ~ e d  to the model base case. 
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Figure B2: Annual west observer length frequency distributions (triangles) fitted to the model base ease 
(dashed line). The right hand axis shows a plot of absolute normalised residuals (crosses). 

A A ,.-, , '\ 

, , , 41 1 . \ 
.'q ;< * .'\+, +' 

A, -'A ?.* +.+. , + I :.: .+: + +.( '+.' .'\ ,* 
0.0 ! m 

0 I 
25 30 35 40 45 50 25 30 35 40 45 50 O 

Males 2000 Females 2CW 



Figure B3: Q Q  normal plots of the normalized residuals (crosses and dots) for each east observer length 
frequency distribution. The dashed line is the 1:l line and the solid tine is the regression line 
estimated from the residual points between-1 and 1 on the x-axis. 



Figure B4: Q-Q normal plots of the normalized residuals (crosses and dots) for each west observer length 
frequency distribution. The dashed line is the 1:l line and the solid line ts the regression line 
estimated from the residual points between -1 and 1 on the x-axis. 



APPENDIX C: Bayesian estimate plots 
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Figure C1: Paimise plots of MCMC parameter estimates. (See parameter definition and abbreviations in 
Table 13.) 
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Figure C2: Posterior distribution plots for mature virgin biomass (upper) and the proportion of year one 
recruits moving to the west (lower). See parameter definition and abbreviations in Table 13. 



Figure C3: Posterior distribution plots for female (top left) and male (top right) L, and female (bottom 
left) and male (bottom right) ev. for the length-at-age distributions. See parameter definition 
and abbreviations in Table 13. 



Figure C4: Posterior distribution plots for the west fishery selectivity, age at 50% selection (top left); west 
fishery selectivity, for ages from 50% to 95% selection (top right); east fishery selectivity, age 
at 50% selection @ottom left); east fishery selectivity, for ages from 50% to 95% selection 
(bottom right). See parameter definition and abbreviations in Table 13. 



Figure C5:Posterior distribution plots for the east acoustic 2001 selectivity, age at 50% selection (top 
left); east acoustic 2001 selectivity, for ages from 50% to 95% selection (top right); west 
acoustic 2002 selectivity, age at 50% selection (bottom left); west acoustic 2002 selectivity, for 
ages from 50% to 95% selection (bottom right). See parameter defintion and abbreviatiom in 
Table 13. 


