
ISSN 1175-1584 

MINISTRY OF FISHERIES 

Te Tautiaki i ngn tini a Tangaron 

Assessment of OEO 3 black oreo for 2002-03 

I. J. Doonan 
RE Cobum 

P. J. McMillan 
k C. Hart 

New Zealand Fisheries Assessment Report 2004/52 
November 2004 



Assessment of OEO 3 black ore0 for 200243 

I. J. Doonan 
RP. Coburn 

P. J. McMillan 
A C. Hart 

N l w A  
Private Bag 14901 

Wellington 

New Zealand Fisheries Assessment Report 2004152 
November 2004 



Published by Ministry of Fisheries 
Wellington 

2004 

ISSN 1175-1584 

@ 
Ministry of Fisheries 

2004 

Citation: 
Doonai, LJ.; Cobum, RP.; McMillan, P.J.; Hart, kc. (2004). 

Assessment of OEO 3 black oreo for 2002-03. 
New Zealand Fisheries Assessment Report 2004/52.54 p. 

This series continues the informal 
New Zealand Fisheries Assessment Research Document series 

which ceased at the end of 1999. 



EXECUTIVE SUMMARY 

Doonan, IJ.; Coburn, RP.; McMillan, PJ.; Hart, A.C. (2004). Assessment of OEO 3A black oreo 
for UW)2-03. 

New Zealand Fisheries Assessment Report 2OO4ISZ. 54 p. 

A new stock assessment for black ore0 in OEO 3A is presented using a NWA CASAL stock 
assessment model employing Bayesian statistical methods. This modelled the population using data 
from three new areas to cope with the spatial structure observed in the catch and length data. The 
three spatial areas included: a northern area that contained small fnh and was generally shallow (Area 
I), a southern area that contained large fish and was generally deeper (Aiea 3). and a transition area 
(Area 2) that lay between Areas 1 and 3. Migration was allowed in the model to move the fish 
between the areas. 

Input data for each area for the new base case stock assessment included: new absolute abundance 
estimates and length data from the 2002 acoustic survey and revised estimates from the 1997 acoustic 
survey; revised and updated catch history; revised and updated relative abundance estimates from pre- 
GPS and post-GPS standardised CPUE analyses; revised observer length frequencies; some revised 
gmwth parameter estimates; and age dependent migration. Observed lengths in the commercial fishery 
were compiled for each area where enough data were available and the absolute abundance at length 
was converted to a length frequency using fued length-weight parameters. 

The base case median BO estimate for mature fish for OEO 3A was 161 000 t (90% confidence interval 
of 151 000-176 000 t), but for the fished part of OEO 3A (Areas 2 & 3) it was 88 000 t 
(85 003-91 000 t). Mature mid-year biomass for OEO 3A in the current year (2001-02) was 84 000 t 
(74 KO-100 000 t), about 52% BQ. But mature mid-year biomass for the fished part of OEO 3A (Areas 
2 & 3) in the current year (200142) was 15 000 t (12 OOC-18 000 t), about 17% of BO. Current surplus 
production was estimated to be 2330 t The black o m  catch in OEO 3A in 2001-02 was 2250 t The 
vulnerable stock size was approximated by the total bi&ss in Areas 2 and 3. The estimate of current 
mid-year vulnerable biomass was 18% Bo. 

Eve sensitivity model runs on the base case were also carried out where nahual mortality was 
estimated for mature or immature fish, catchability of fish in Area 1 was varied, where restrictions on , 

recruitment deviates were removed, and recruitment deviates were restricted to six degrees-of- 
freedom. Restricting the recruitment deviates to six degrees-of-freedom gave the same fits as if they 
were unrestricted and using them gave improved fits of the observer and length frequency data to the 
model in Area 2. The run that made the largest differences to the estimated current biomasses relative 
to BO was when recruitment deviates were estimated. For Areas 1.2, and 3, the latter' case estimated 
current biomass at 81% Bo, 38% Bo, and 7% Bo, compared to 96%, 30% and 7% for the base case 
respectively. Four additional runs were made at the request of the Deepwater Stock Assessment 
Working Group to determine the sensitivity of the results of the base case to: the Area 1 acoustic 
absolute abundance estimate treated as a relative value; the two pre-GPS CPUE abundance indices 
(excluded); the three post-GPS CPUE abundance indices (excluded); and Area 1 research trawl survey 
length frequency data. None of these runs gave a substantially different result to that from the base 
case. 
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1. INTRODUCTION 

This work addresses the following objectives in ,the MFish project "Oreo stock assessmeat" 
(OE0200U02). 

Overall objective 

1. To cany out a stock assessment of black oreo and smooth oreo, including estimating biomass 
and sustainable yields. 

Specific objectives 

2. To update the standardised and unstandardised catch per unit effort analys6s for black oreo and 
smooth oreo in OEO 3A on the Chatham Rise with the inclusion of data up to the end of the 
2001/02 fishing year. 

4. To update the stock assessment for black ore0 and smooth ore0 in OEO 3A, including 
estimating biomass and sustainable yields. 

1.1 Overview 

This report presents results of the standardised catch per unit effort analyses and the stock assessment 
for OEO 3A black ore0 only. The last stock assessment for black oreo in OEO 3A (a spatial analysis) 
used an age-structured population model (Hicks et al. 2002). The spatial analysis model used data 
from three areas, labelled 1-3, which comqonded to an inneasing mean length of the catch as seen 
in the observer Length frequency data. Area 1 contained small fish and flat ground and Area 3 
contained the largest fish and many features where shoxt tows have historically taken place. Migration 
was allowed in the model, and area specific selectivity curves were estimated using length frequencies 
derived from observed tows in the commercial fishery. Abundance estimates used included estimates of 
absolute abundance for black oreo from the 1997 research acoustic survey, and relative abundance 
indices from standardised CPUE analysis. Estimates of biomass and yields were made usingthe 1997 
biological parameters and catch history. 

The new stock assessment presented here implemented a spatial analysis using the NIWA CASAL 
software (Bull et al. 2003). It used revised spatial areas, new absolute abundance estimates from the 
2002 and revised estimates from the 1997 acoustic surveys; revised catch history; new relative 
abundance estimates ftom pre-GPS and post-GPS standardised CPUE analyses; revised observer 
length fkequencies; and length frequencies derived fiomthe absolute abundance estimates. 

The assessment data, except catch, came h m  a study area that covered the main fishery on the south 
Chatham Rise in OEO 3 k  The study area therefore did not include the fishing area in the southwest 
comer of OEO 3A where another fishery (Southland) takes place 1 and 2). But the assessment 
applies to the whole of OEO 3A because the total catch from OEO 3A was used to' scale up the the 
acoustic estimates to represent the catch outside the study area Therefore it was assumed that the 
population outside the study area follows the same path as the stockinside the study area. 

1.2 TACCs, catch, and landings data 

Black oreo are caught by trawling at depths of 600-1200 m in southem New Zealand waters ('i?gure 1). 
The OEO 3A south Chatham Rise fishery is the largest black oreo fishery in the EEZ and operates 
behueen about 172 and 176" E, mostly on undulating terrain (short plateaus, terraces, and drop-offs) at 
the west and central parts, and mostly on seamounts in the east. At times, black ore0 is caught as a 
bycatch to smooth ofeo fishing. 



Oreos are managed as a group that 'includes black oreo (AUocym niger, BOE), srnwth oreo 
(Pseudocyfm maculatus, SSO), and spiky o m  (Neocy~cs rhomboidalir, 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 
roughy fishery. The management areas used since 0ctober 1986 are shown in Figure 2. 

Figure 1: Approximate location of main fishing grounds and distribution of 
black o m  and smooth or@. Dashed liw is the EEZ boundary. 



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). From 1979-80 onwards the species 
were listed and recorded separately. When the Quota Management System was introduced in 1986, the 
statutory requirement was only for the comb'med code (OEO) for the Quota Management Reports, and 
consequently some loss of separate species catch information has occurred, even though most vessels 
catching oreos are requested to record the species separately in the catcheffort logbooks. 

The oreo fishery statted in about 1972 when the Soviets reported 7000 t (assumed to be black m o  and 
smooth oreo combined, see Doonan et al. 1995) h m  the New Zealand area Reported landings of m o s  
(combined species) and TACs from 197a79 until 2001-02 are given in Table 1. The OEO 3A TAC was 
reduced from 10 106 to 6600 t in 1996-97. A voluntary agreement between the fishing industry and the 
Minister of Fisheries to limit catch of smwth oreo from OEO 3A to 1400 t of the total oreo TAC of 
6600 t was implemented in 1998-99. Subsequently the total OEO 3A TAC was reduced to 5900 t in 
1999-2000,4400 in 200041,4095 in 2001-02, and 3255 t in 2002-03. Reported estimated catches by 
species &om tow by tow data recorded in catch and effort logbooks (Deepwater, TCEPR, and CEU) are 
given in Table 1. 

Table 1: Total reported landings and TACs (t) for all oreo species combined and total estimated catch 
(t) for smooth oreo @SO) and black oreo (BOE) for OEO 3A from 1978-79 to 2001-02. -, na 

Fishing 
Year Landings 
1978-79* 1366 
1979-SO* 10 958 
1980-81* 14 832 
1981-82* 12 750 
1982-83' 8 576 
1983-83# 4409 
1983-84t 9 190 
1984-85t 8 284 
1985-86t 5 331 
1986-87t 7 222 
1987-88t 9049 
1988-89t 10 191 
1989-90t 9 286 
199&91t 9 827 
1991-92t 10 072 
1992-93t 9 290 
1993-94t 9 106 
1994-951. 6600 
1995-96t 7 786 
1996-977 6 991 
1997-98t 6 336 
1998-997 5 763 
1999-00t 5 859 
2000-017 4 577 
2001-02t 3 923 

TAC 
- 
- 
- 
- 

10 000 
# 

10 WO 
10 000 
10 000 
10 OM) 
10 000 
10 000 
10 106 
10 106 
10 106 
10 106 
10 106 
10 106 
10 106 
6 600 
6 600 
6600 
5 900 
4 400 
4095 

Estimated catch 
SSO BOE 

Source: FSU from 1978-79 to 1987-88; QMS/MFish from 1988-89 to 2001-02. 
*, 1 April to 31 March; #. 1 April to 30 September. Interim TACs applied; t, 1 October to 30 September. 



2. ASSESSMENT MODEL 

2.1 Population dynamics 

2.1.1 Partition of the population 

The stock assessment model partitioned the OEO 3A black oreo population by age groups (1-70 
years), with a plus group at age 70, and there were three areas. The data for the sexes were combined. 

2.1.2 Annual cycle 

The nominal time unit in the model is &e year during which processes such as recruitment were 
modelled. Because 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 natwal mortality that was applied, assuming that it was applied uniformly throughout 
the year. Observations were fitted to model predictions specified by the time step and the time within 
the year (Table 2). fishing mortality was assumed to apply throughout the year in the Baranov form. 

Table2 Stock model: timing within a year for processes and when data were fitted. Z% is the 
percentage of total mortality that has ocnured. -, not applicable. 

Model Observations fitted 
time step T i e  Process (in the order a~~lied)  Z% Time Descri~tion .. . 
1 Oct ~ecruihnent 0 - 

Oct Spawning 0 - 
Oct Increment age 0 - 

2 Oct Migration (if applicable) 0 - 
3 Oct-Sep Fishing mortality 0 Oct Acoustic abundance 

0 Oct Acoustic length data 
50 Mar CPUE indices 
50 Mar Observer length data 

I 22 Selectivities, ogives, and other ksumptions 

Selectivities 
An age-based selectivity ogive was estimated for the sexes combined for each spatial area for the 
commercial fishery (catch) and for the acoustic survey (abundance data). The ogives were logistic curves 
with parameters for the age of 50% selection and for the ages from 50 to 95% selection. 

Acoustic selectivity in Area 1 
Small black ore0 appear in the research trawl length frequency distributions for layer and layeroff mark- 
types at between 21 and 27 cm TL 3). Treating the lefi-hand side of the research trawl length 
frequency distribution as a m d e  selectivity curve provided a 50% selection point at about 25 cm. There 
are two possible reasons for this high selectivity. The fist  is due to the selectivity of the sampling gear 
(gear selectivity) and the second is due to the size of fish from midwater that settle on the bottom (vertical 
availabity). If the cause was only due to gear selectivity, we would expect to catch fish less than 21 cm 
because small orange roughy are also caught in the same net. Trawling in the background strata of the 
North West Hius survey (Chatham Rise) in 2002 caught orange roughy down to 11 cm SL (I. Doonan, 
NWA, unpublished data). 

Settlement seems more probable as a cause of high selectivity and was therefore used in the model 
structure as a "migration" from midwater onto the bottom in Area 1. These fish are in layers (layer and 
layeroff mark-types) that make up most of the acoustically estimated abundance in Area 1. 

8 



F i r e  3: Male (solid Line) and female (dotted line) length frequencies from research trawls in the layer 
and layeroff mark-types for each trawl. 

Area 2 had some of the acoustic abundance derived from layer and layeroff mark types, but that was . 

ignored because migration was modelled as a one-way process from Area 1 to 2, then from Area 2 to 3 
with fish entering the model exclusively in Area 1. 

Migration 
Migration into A m  1 was by one-way movement of fish from midwater onto the bottom (settlement). 
This was modelled as an uncapped logistic function. Migration from Area 1 to Area 2 and Area 2 to Area 
3 was also one-way and both of these processes wexe modelled as capped three parameter logistic 
functions. 

Maturity 
The maturity ogive was estimated by Hicks et al. (2002) from age and maturity data and started at age 18, 
with a mid-point at 25, and a 95% point at 50 years. In terms of total fish, most black oreo are mature by 
age 27 years. 

2.3 Modelling methods, parameters, assumptions about parameters 

The stock assessment analyses were conducted using C A S K  (Bull et al. 2003). This was 
implemented as an age-structured population model that combined the sexes and allowed inclusion of 
length frequency data. The Bayesian estimator was employed. The model incoxporated deterministic 
recruitment, life history and catch history (See Table 3). Data fitted in the analysis were 
the 1997 and 2002 acoustic abundance estimates (see Table 14). standardised combined CPUE indices 



(see Tables 6-10 summary, Table 11). observer length data (Table 15). and the 1997 and 2002 
acoustic survey length data (see Table 17). The model was used to estimate biomass and generate 
projected biomass estimates. These procedures were conducted with the following steps. 

1. Model parameters were estimated using maximum IikeIihood 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 distribution was found for each quantity of interest by integrating the product 
of the likelihood and the uriors over all model uarameters; the msterior distribution was described . 
by its median, 5, and 95 percentiles for parameters of interest. 

The following main assumptions were made in the analyses carried out to estimate biomasses and yields. 
(a) The CPW analyses provided a relative index of abundance for black oreo in the whole of 

OEO 3A. 
@) The estimated value of M is the true value. 
(c) The maximum fishing mortality (FA was 0.9. 
(d) Recruitment was deterministic and followed a Bevaton & Holt relationship with steepness of 0.75. 
(e) The population of black oreo in OEO 3A was a discrete stock or production unit. 
(0 The catch history was accurate. 

2.4 Vulnerable abundance 

In the current (three-area) model, the vulnerable stock definition needed further qualijication to make 
it comparable with a one-area model. For the one-area model, vulnerable abundance is standardised to 
the age group with the largest fishing mortality so that a particular fishing mortality can be applied to 
the vulnerable abundance to get the right catch size without having to know selectivities or having to 
provide a vector of fishing mortalities, one for each age class. This makes interpretation simpler. 

: When multiple areas are involved and these are fished at different rates, the standardisation needs to 
take place over a l l  age classes within each area. For the present analysis, this was approximated by 
taking the sum of the total abundance in Areas 2 and 3, since about 90% of the total historical catch 
came from Areas 2 and 3 (i.e., the fuhery was based on these areas, as a first approximation) and 
because the fishing selectivities are based on selecting area (i.e., all the fish in an area are equally 
vulnerable). The latter is based on results presented later. 

There is potential confusion when looking at vulnerable abundance within one area as opposed to the 
vulnerable abundance for the whole stock. The vulnerable abundance within one area is the same as in 
a one-area model, and so it has been standardised internally and does take into account fishing 
mortalities in the other areas. This is called selected abundance in this document to differentiate it 
fromthe vulnerable abundance for the whole stock. 

3. OBSERVATIONS AND MODEL INPUTS 

3.1 Spatial areas 

Previous analyses (Doonan et al. 1999b) identified time, area, and depth effects on the structure of 
length data collected by observers from catches made by commercial fishing vessels. Catch and length 
data analyses were carried out to check the veracity of the defined areas. Figure 4 shows tow tracks 
with start and end positions where black ore0 were caught from 1978-79 to 1999-2000 plotted on a 
map showing the old (Hicks et al. 2002) areas. The three meas used in the cutrent assessment were 
revised by moving the boundary lime between Areas 1 and 2 slightly to refine the area of small fish 
(Area 1) and are shown in &ure 5. 



Figure 4: Tow tracks (black lines) where black oreo were caught from 1978-79 to 1999-2000, from Hicks et al. (2002). Start and end positions of the 
tows were jittered by plus or minus 0.5 of a minute of latitude and longitude. The heavy black lines define the Areas (Al-A3) used in the 
2002 stock assessment (Hicks et al. 2002). 



Figure 5: The three spatial areas used in the CASAL model and 2002 acoustic abundance survey. Area 1 
at the top with right sloping shading; Area 2 in the middle with vertical ading; Area 3 at the 
bottom with left sloping shadig. The thick dark line endoses management area OEO 3A. 

Summary of the three spatial areas 

The main fishery area was split into three areas: a northern ' m a  that contained small fish and was 
generally shallow (Area 1); a southern area that contained large fish in the period before 1993 and 
which was generally deeper (Area 3); and a transition area (Area 2) that lay between Areas 1 and 3 
(Figure 5). The boundary between Areas 1 and 2 was defined in terms of the northern edge of the area 
that enclosed 90% of the total catch from the fishery. Thus, Areas 2 and 3 contained most of the 
fishery and Area 1 consisted of lightly fished and unfished ground. The boundary between Areas 2 
and 3 was defined by the 32.5 cm contour in mean length for data before 1993 so that the fishery is 
split into an area containing smaller fish and another that has larger fish. The population outside the 
main fishery was assumed to follow the same spatial pattern, i.e., smaller fish at shallower depths. 

3.2 Scaling of estimates to OEO 3A 

Estimates of catch and abundance in the following sections are all scaled up to represent estimates for 
the whole of area OEO 3A. 

3.3 Catch history 

Catches were partitioned into the three areas by scaling up (or down) the estimated catch of black ore0 
from each area, i.e., the proportion of black oreo to the total landed catch of oreos (combined species, 
see Table 1) and are given in Table 3. Soviet reported catches were assumed to be for the fishing year 
(1 October to 30 September) and the black ore0 catch was estimated using the average estimated 
black oreo species proportion by spatial area (Table 3) from 1979-80 to 1982-83. 



Table 3: Black oreo catch (t) for each f~hing year in the three spatial model areas, rounded to the 
nearest 10 t. 

Year 
1972-73 
197?-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
1991-92 
1992-93 
1993-94 
1994-95 

' 1995-96 
1996-97 
1997-98 
1998-99 

Total 
t3  440 
t3 800 
t5 I00 
tl260 
t3 880 
t5 750 
720 

5 740 
12 640 
11 460 
8 290 
7 410 
3930 
2 190 
4 030 
3 140 
3 230 
2 830 
4 770 
3 450 
4 960 
4 160 
2 400 
3 760 
3 750 
1 600 
3 290 
4 070 
2 960 
2 250 

Area 2 
2 010 
2 220 
2 970 
730 

2 260 
3 350 
420 

2 670 
8 260 
6 400 
4 940 
4 2M) 
1510 
920 
1970 
1940 
2 490 
1050 
2 310 
1290 
2 810 
2 510 
1 560 
2 530 
2 190 
590 

~ ~ 

199!WO 
2000-01 
2001-02 60 - --- 
t Soviet catch, assumed to be mostly £rom OEO 3A and to be 5050 black om: smooth oreo. 

3.4 Relative abundance estimates from standardlsed CPUE analyses 

Standardised CPUE indices for OEO 3A black ore0 were developed and used as indices of abundance 
for the previous stock assessment (Hicks et al. 2002). The following analyses used revised spatial 
areas and incorporated two more years of data (2000-01 and 2001-02). New derived parameters, 
altitude of the sun and phase of the moon, were intloduced as predictors in the reg~ession model 
selection. 

3.4.1 Data 

The black oreo catch and effort data were r~stricted to tows that targeted or caught black ore0 in OEO 
3A up to and including the 2001-02 fishing year. The data were restricted to the spatial analysis study 
area defined above. Because of the apparent changes in fishing practice attributable to the introduction 
of GPS, the data were split into pre- and post-GPS series. Years were included in the time series 
provided that they had at least 50 catches of black ore0 and that the records were not dominated by a 
single vessel, defined as greater than 80% of the records for the year. The tow data included start 
position, black oreo catch, target species, depth, vessel, distance towed, time of day, and date. 
Nationality and tonnage were recorded for each vessel. Catch-per-tow (tomes-per-tow) was chosen as 
the index of abundance rather than catch-per-kilometre and follows the Deepwater Working Group's 
preference in previous smooth oreo and black ore0 standardised CPUE analysis (Doonan et al. 1995, 



Coburn et al. 1999). The length of tow was not considered to reflect effort because of the mix of flat, 
drop-off, and seamount fishing that was carried out and because most vessels targeted marks. 
Technology changes, most importantly the adoption of GPS, allowed vessels to more accurately target 
marks and reduce tow length. Different fishing patterns and therefore tow length were observed in the 
three areas, e.g., more long tows in.the shallows (see Figure 4). and for the two time periods @re- and 
post-GPS) and suggesting that tow length was not a good measure of effort across the fishery. 

3.4.2 Method of CPUE analysis 

The basic CPUE analysis method was described by Doonan et al. (1995) with enhancements following 
those described by Francis (2001). The analysis used a two-part model which separately analysed the 
tows that caught black ore0 using a linear regression applied to log-transformed data, termed the log- 
linear regression (positive catch regression), and a binomial part which used a Generalised Linear 
Model with a logit link for the proportion of successful tows (zero catch regression). The log-linear 
and bmomial index values for each year were multiplied together to give a combined index The 
variables considered in the analyses included year, latitude, longitude, depth, season, time, target species, 
vessel, sun altitude, and moon phase (Table 4). Predictor variables in the regressions were all 
designated as categorical. Numeric variables, e.g., depth, were converted into categorical variables by 
splitting the range into eight bins. Eight bins were chosen as sufficient to model any dependencies in 
the data (without prejudice as to the shape of any dependency) while ensuring that the resultant 
models were not over-parameterised. Bin widths were chosen to ensure that tow numbers in each bin 
were similar. The modified model incorporated an interaction term for year and area that enabled the 
CPUE from each of the three areas defined in the spatial analysis to be analysed. For the binomial 
analysis, Francis (2001, p. 16) used '2ypical" fmed values of all model predictors, but analysis of his 
approach showed that the binomial indices varied depending on the fixed value used. So the method 
was modified to provide a unique index. For the model with a fishing year-area interaction term this 
involved taking the means of the model predicted values for each combination of year and area. For 
example the index value for Area 2 in year N was the mean of the predicted CPUE when area was set 
to 2 and year was set to N in each row of the model data. The individual annual C.V. estimates for the 
(=PUE abundance indices were estimated using a jack-knife technique (Doonan et al. 1995). 

Table 4: Blmm,ary of non-year variables that could be selected in the regression models used in the 
CPUE analysis. AU were categorical variables. "dP' was the number of parameters to be 
estimated for that variable. BOE, black oreo; SSO, smooth oreo; OEO, combined oreo; 
OlXE& any other species. 

Variable df Description 
Latitude 7 Latitude at start of tow. 
Longitude 7 Longitude at start of tow. 
Depth 7 Depth at start of tow. 
Season 7 The fishing year. 
Time 7 T i e  of day at start of tow. 
Target 3 Target species for the tow (BOE, SSO, OEO, OTHER). 
Vessel t A parameter estimated for each vessel. 
Sun 7 Altitude of the sun abovhlow the horizon 
Moon 7 Phase of the moon. 

t Thae was one degree of freedom for each of the vessels (or group of vessels) used in the analysis. 

The following analyses were performed. 
1. Analysis for Area 1 used a single part model only (log-linear regression). No binomial model 

analysis was requiredbecause there were very few zero tows. 
2. Analysis with yeadarea interaction was applied to Areas 2 and 3 for pre- and post-GPS data 

separately. Two part (log-linear and binomial) models were employed for the, pre-GPS series. 



The single part (log-linear) model was used for the post-GPS series because there was very 
little post-GPS target fishing for black ore0 and therefore very few zero catch tows. 

3.4.3 Results of the CPUE analyses 

The annual'number of tows that caught black ore0 and the catch of black oreo from 1978-79 to 
2001-02 split by area are in Table 5. 

Table 5: The number of tows that caught black oreo and the catch (t) for those tows by area and fishing 
year from OEO 3A split into !he three spatial analysis area Rest: remainder of OEO 3A. 

Year 

1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
198647 
1987-88 
198849 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

- 
Tows 

0 
182 
39 
15 
118 
77 
16 
9 
14 
17 
46 
91 
74 
44 
25 
65 
50 
94 
101 
212 
72 
124 
95 
83 

35s3J. 
Catch 

0 
645 
98 
50 
419 
219 
99 
11 
33 
38 
140 
466 
613 
164 
159 
273 
90 
155 
323 
133 
144 
107 
78 
50 

- 
Tows 

0 
656 

1 664 
513 
877 
975 
274 
225 
504 
711 
583 
301 
461 
170 
378 
510 
352 
584 
417 
144 
348 
394 
327 
228 

Catch 
0 

4 030 
10 045 
3 156 
4 033 
3 035 
985 
711 

1 865 
1 830 
2 027 
780 

1599 
710 
1962 
2 040 
1 203 
1927. 
1588 
45 1 

2 137 
1 841 
1584 
1 259 

- 
Tows 

0 
683 
773 
382 
441 
610 
555 
328 
602 
517 
321 
406 
376 
169 
265 
373 
257 
456 
366 
412 
335 
329 
314 
184 

Catch 
0 

3 993 
5 225 
2 449 
2 318 
2 101 
1483 
97 1 

1910 
1098 
465 
863 

1 093 
1 032 
1 340 
1074 
553 
789 
808 
647 
593 
743 
67 1 
540 

Rest 
Tows Catch 

3 0 
6 15 
53 67 
40 43 
69 92 
54 113 
128 3 14 
353 388 
244 180 .. 
148 75 , .  

163 82 
174 252 
312 861 
393 1277 
178 500 
354 61 1 
214 440 
278 470 
442 824 
397 334 
295 189 
148 75 
109 89 
110 57 

Area 1 

The analysis of Area 1 had data from 1979-80, 1989-90, 1990-91 and 1995-96 to 2001-02, but the 
data from years up to 1995-96 were poorly l i e d ,  so an index was provided only from 1995-96 
onwards (Table 6 and Figure 6). 

Table6: Area 1 standardlied CPUE index derived from the log-bear model and jack-knife c v .  
estimates. 

Year 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

Jacknife C.V. (%) 
54 
32 
32 
38 
32 
41 
113 



Figure 6: CPUE indices for Area 1. The dotted lines show a +I- 2 se. confidence interval calculated by a 
jack-knife method. 

Areas 2 and 3 

The pre-GPS combined indices (log-linear and binomial) and jack-knife c.v.s and the post-GPS log- 
linear model indices and jack-knife c.v.s for each area using the modified model with year-area 
interaction are in Tables 7-10 and Figures 7-10. 

Table 7: Afea 2 pre-GPS standardised CPUE hdices derived from the modified model with gear-area 
interaction and jack-knife C.V. estimates. 

Year Loglinear (kgttow) 
1979-80 5 700 
1980-81 4 800 
1981-82 4 600 
1982-83 4 100 
1983-84 2 900 
1984-85 2 800 
1985-86 2 100 
1986-87 2 500 
1987-88 1 500 
1988-89 1 900 

Binomial 
0.65 
0.97 
0.94 
0.88 
0.87 
0.86 
0.76 
0.83 
0.77 
0.94 

Combined (kgltow) 
3 700 
4 700 
4400 
3600 
2 500 
2 400 
1 600 
2 100 
1 200 
1 800 

Figure 7: CPUE indices for Area 2, pre-GPS. The upper line shows the binomial index (right hand axis); 
the dotted Line shows the loglinear index (left hand axis); the lowest line is the combined index 
(left hand axis) with dotted vertical lines showing a +I- 2 s.e. confidence interval calculated by 
a jack-knife method. 



Table 8: 

Year 
1979-80 
198M1 
1981-82 
1982-83 
198M4 
1984-85 
1985-86 
1986-87 
198748 
1988-89 

Area 3 pre-GPS standardised CPUE indices derived from the modified model with year-area 
interaction and jack-kniie cv.  estimates. 

Log-linear (kgltow) Binomial Combined (kgltow) lack-knife C.V. (46) 
5 200 0.61 3 100 

F i e  8: CPUE indices for Area 3, pre-GPS. The upper line shows the binomial index (right hand axhk 
the dotted line shows the log-linear index (left hand axis); the lowest line is the combined index 
(left hand axis) with dotted vertical lines showing a +I. 2 se. confidence interval calculated by 
a jack-knife method. 

Table 9: Area 2 post-GPS standardised CPUE indices derived from the modified model with year-area 
interaction and jack-knife cv. estimates. 

Year 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
199P-00 
2000-01 
2001-02 



Figure 9: CPUE log-linear indices for Area 2, post-GPS. The dotted lines show a +I- 2 s.e. confidence 
interval calculated by a jack-knife method. 

Table 10: Area 3 post-GPS standardised CPUE indices derived from the modified model with year-area 
interaction and jack-knife cv. estimates. 

Year Log-linear (kgltow) Jack-knife C.V. (46) 
1992-93 2 300 42 
1993-94 1 500 24 
1994-95 1 100 22 
1995-96 900 53 
1996-97 13W 21 
1997-98 800 21 

Figure 10: CPUE log-linear indices for Area 3, post-GPS. The dotted lines show a +I- 2 s.e. contidence 
interval calculated by a jack-knife method. 

For Areas 2 and 3, pre-GPS the combined indices were used. For Areas 2 and 3, post-GPS the log 
linear indices were used. The CPUE indices developed for each area and used in the assessments are 
summarised in Table 11. 



Table 11: Summary of the OEO 3A black ore0 pre-GPS and post-GPS time series of standardised catch 
per unit effort indices (kgltow) used in the stock assessment analysis. -, no estimate. 

Year PreGPS 
Area 1 Area2 Area3 

- 3700 3 100 
- 4700 5200 
- 4400 4400 
- 3 600 3 700 
- 2500 2 100 
- 2400 2000 
- 1600 1400 
- 2 100 1800 
- 1200 1000 
- 1800 500 

Post-GPS 
Area 1 Area 2 Area 3 

- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- 2800 2300 
- 1900 1500 
- 1600 1100 

127 1500 900 
'164 16W 1300 

124 1200 800 
127 2300 1200 
159 2800 1600 
148 2400 1200 
98 3400 1800 

3.5 Relative abundanceestimates from trawl surveys 

Trawl surveys of oreos on the south Chatham Rise were carried out in seven years between 1986 and 
1995, but the abundance estimates from the surveys before 1991 were not considered to be comparable 
because different vessels were used FOLU conparable surveys were carried out using Tangaroa fkom 
1991 on, and relative abundance estimates fiom those surveys are given in Table 12, but these 
estimates were not used in the biomass analyses because it was decided that catchabiity could be 
inconsistent between surveys, as reported for smooth ore0 from OEO 3A by Doonan et al. (1999a). 
The Tangaroa trawl surveys did not sample recruited smooth oreo well because the schools of 
rec~i ted  smooth oreo were so small and scattered that they were very unlikely to be encountered by 
the trawl. If a school was encountered, the resulting survey abundance estimate had a high C.V. 

because most of the trawls sampled background (low density) recruited smooth oreo. The Tungaroa 
series also only spanned five years so the index had a low weight compared to a longer time series. 

Table 12: OEO 3A black ore0 research survey abundance estimates (t) from Tangaroa surveys N is the 
number of stations. Estimates were made using knife-edge recruitment set at 27 and 33 cm 
TL. 

Year Meanabundance C.V. (%) N 
27cm 33 cm 



3.6 Absolute abundance estimates from acoustic surveys 

Absolute estimates of abundance for black ore0 are available from two acoustic surveys of oreos 
canied out from 10 November to 19 December 1997 (TAN9713) (Doanan et al. 1998, 1999b) and 25 
September to 7 October 2002 (TAN0213). The 1997 survey covered the flat with a series of random 
noxth-south transects over six strata at depths of 600-1200 m. Seamounts were also sampled using 
parallel and starburst transects. Targeted and some random (background) trawling was canied out to 
identify targets and to determine species composition. In situ target strength measurements were made 
on 10 marks including 2 smooth oreo.2 black oreo, and 6 mixed ore0 marks. The 2002 survey was 
limited to flat ground with 77 acoustic trmects and 21 mark identification trawls completed. 

3.6.1 Acoustic abundance estimates 

Target strength 
The target strength relationships used in this assessment were the same as used by Doonan et al. 
(2003b). Since the 1997 estimate (Doonan et al. 1998, 1999b), the target strengths for black oreo and 
smooth ore0 were reestimated using a Monte-Carlo analysis of in situ and swimbladder data 
(Macaulay et al. 2002, Coombs & Barr unpublished results) to give the following relationships: 
TSsso = -82.16+24.6310glo(L)+l.0275sin(0.1165L1.765) 
for smooth oreos and 
TSBoS = -78.05+25.310g~~(L)+1.62~in(O.O815L+0.238) 
for black oreos, where TS is the target strength and L the fish length. 

For other common species, we used the relationships based on swimbladder modelling (Macaulay et 
al. 2001) as expressed in the more conventional formulation TS = a+b loglO(L) (Table 13). Generic 
relationships were used for species for which no specific relationships are available, as detailed by 
Doonan et al. (1999b). 

Tablel3: Length-target strength' relationships used where relationships are of the form 
T S a  + b log&). 

Species name 
Basketwork eel (Diasiobranchus capensis) 
Black javelinfish (Mesobius antipodum) 
Four-rayed rattail (Coryphaenoides subserrulatus) 
Hold (Macruronus novaezelandiae) 
Javelinfish (Lepidorhyncus denticulatus) 
Johnson's cod (Halarevreus iohnsonii) ", , 
Notable rattail i~aelorinchus innotabik) 
Orange roughy (Hoplostethus atkznticus) 
Ribaldo (Mora moro) 
Ridge scaled rattail (Macrouncr carinatus) 
Robust cardinalfish (Epigonus robustus) 
Semlate rattail (Coryphuenoides serrulatus) 
White rattail (Trachyrincus aphyodes) 

Cod-like 
Deep water swimbladdered 
No swimbladder 

Code 
BEE 
BJA 
CSU 
HOK 
JAV 
HTO 
CIN 
ORH 
RIB 
MCA 
EPR 
CSE 
WHX 

Intercept (a) Slope @) 
-76.7 23.3 
-70.6 17.8 
-92.5 31.8 
-74 18.0 
-73.5 20.0 
-74.0 24.7 
-107.8 44.9 
-74.34 16.15 
-66.7 21.7 
-95.5 35.6 
-70.0 23.2 
-135.0 59.7 
-62.1 18.1 

Absolute total (immature plus mature) acoustic abundance at the start of the fishing year was 
estimated for each of the three new areas. The 1997 acoustic abundance for black or,eo in OEO 3A 
was reestimated using the revised estimates of target strength for smooth oreo, black oreo, and a 
number of bycatchspecies. The revised estimates presented here change by 21% for Area 1, 10% for 



Area 2, and 2% for Area 3 (Table 14). Absolute total acoustic abundance estimates for the 2002 
survey are also in Table 14. 

Table 14: Total black o m  abundance estimates for the 1997 and 2002 acoustic surveys for the three 
model areas in OEO 3A. 

Acoustic abundance. tomes (c.v. 461 
Year estimated Area 1 Area 2 Area 3 

(a) 1997 survey 
Hicks et al. (2002) 122 OOO (24) 9 100 (24) 5 100 (27) 
Revised (this study) 148 OOO (29) 10 OOO (26) 5 240 (25) 
(b) 2002 survey 
This study 43 300 (31) 15 400 (27) 4 710 (38) 

3.7 Length data analyses 

3.7.1 Observer length frequencies 

Catch at length data collected by observers in Areas 1, 2, and 3 were extracted from the obsJfs 
database maintained by NWA on 17 April 2003. There were 516 samples. Two samples were 
rejected because they had extreme mean lengths, i.e., one had a mean less than 20 crn, and the second 
had a mean length greater than 40 cm. Thirteen samples were also excluded where fewer than 30 fish 
per sample were measured (all were from small catches). Three samples taken in 1979-80 from Area 
3 were rejected because there was no recorded catch weight, required for the weighted combination of 
sample length frequencies (Table 15). 

Table 15: Number of observed commercial tows where black oreo were measured for length frequency. 
Excluded tows had less than 30 fish measured (13), extreme mean lengths (2) and missing 
catch information (3). -, no data (Area column) or that the length data were excluded (Group 
no. column). 

Year Number of tows in the length frequency 
Area 1 Group no. Area2 Gmup no. Area 3 Group no. 



Figure 11: Distributions for the combined weighted length frequencies for the areas and periods 
identified in 'Table 15. The sum of the length frequencies across the length classes is one in 
each case and each frame shares common x- and y-axes. 

Within each area, groups of years were identified from Table 15 where each group spanned no more 
than five years. This procedure aimed to get adequate sample sizes to derive combined length 
frequencies and to use as much of the data as possible. Only one sample, from Area 1 in 1995-96, 
was not included. 

Derived length frequencies for each group were calculated from the sample length frequencies 
weighted by the catch weight of each sample (Figure 11). 

Within each group of length frequencies an estimate of the C.V. for each proportion at length class was 
made by bootstrap resampling of the length frequency data at the level of a tow, followed by fitting a 
regression to the proportions and bootstrap C.V. so that a resultant derived C.V. was a function of the 
proportion of fish in the length class and the regression coefficients. Tows were reselected with 
replacement for each group of length frequency data to generate 500 bootstrap sample length 
frequencies. The bootstrap C.V. for each length class was then calculated, i.e., the standard deviation of 
the bootstrap samples at each length class divided by the actual calculated proportion at each length 



class. The bootstrap C.V. could have been used diiectly but it appeared better to exploit the relationship 
between proportion and C.V. by fitting a simple regession model to the transformed data. Bootstrap 
C.V. values were transformed as log(bootstrap c.v.) and the proportion transformed as 
Inog(p~~portion). The transformed data were then fitted with a second order linear regression of the 
form y = a + b*x + c*xa where y = log(bootstrap c.v.) and x = l/log@roportio.n), (Figure 12, right 
frame). Process enor was estimated within the model and it was assumed that the same value applied 
to all three areas. Table 16 lists the regression coefficients for each length frequency group. 

Pmportion per lewth class lkg$rc~wtion per length class) 

Figure 12: An example of the bootstrap ev.s with the data from the Area 3,1979-80 length frequency 
grouping. The left-hand frame shows the raw proportions for each length class versus the 
bootstrap estimated r v . r  The right-hand frame shows the data as transformed for the 
regression fit The curved line is the regression fit used to calculate c.vs. 

Table 16: The regression coefficients for each group of length frequencies. 

Length frequency group 

Area 1 1988-89 to 1990-91 
Area 1 1997-98 to 2CCI0-01 
Area 2 1979-80 
Area2 1986-87 to 199'2-91 
Area2 1993-94 to199697 
Area 2 1999-2000 to 2002-03 
Area 3 1979-80 
Area 3 1985-86 to 1988-89 
Area 3 1989-90 to 1991-92 
Area 3 1993-94 to 1997-98 
Area 3 1998-99 to 2001-02 

Coefficients 
a b c 

1.42 12.5 11.2 
1.09 8.4 2.0 
1.60 13.0 17.0 
1.43 15.0 13.3 
0.24 4.4 -0.8 
1.36 17.8 17.3 
1.20 13.4 10.9 
1.13 10.6 6.5 
1.35 14.0 12.4 
1.60 14.2 15.9 
0.80 13.8 12.2 

3.7.2 Acoustic research survey length data 

The revised 1997, and the new ,2002 acoustic s w e y  abundance-at-length data were converted to 
numbers-at-length using a fvted length-weight relationship (see Table. 18). Lengths below 25 and 

23 



greater than 38 cm were p l e d  (see Table 17). The relationship between proportion-at-length and C.V. 

established from bootstrap resampling of the grouped observer length frequency data was corrected 
for sample size and used to provide an estimate of the C.V. to apply to the acoustic survey length 
frequency proportions-at-length. Process error was estimated within the model and it was assumed 
that the same value applied to all three areas. 

Table 17: Proportions at length for each area for the revised 1997 and 2002 acoustic surveys. 

Length (cm) Area 1 
1-25 0.015 
26 0.035 
27 0.113 
28 0.165 
29 0.153 
30 0.143 
31 0.131 
32 0.102 
33 0.046 
34 0.041 
35 0.029 
36 0.015 
37 0.006 
38-50 0.006 

Area 1 Area 2 
0.022 0.016 
0.039 0.030 
0.05 1 0.038 
0.085 0.062 
0.117 0.091 
0.139 0.119 
0.123 0.122 
0.137 0.133 
0.112 0.123 
0.065 0.084 
0.054 0.064 
0.021 0.052 
0.015 0.025 
0.020 0.041 

Area 3 
0.008 
0.013 
0.018 
0.029 
0.044 
0.060 
0.086 
0.127 
0.141 
0.138 
0.100 
0.104 
0.049 
0.083 

3.8 Biological data 

This model was not sexspecific so combined sex parameters were developed (Table 18). The 
combined length-weight parameters were calculated from TAN9208 survey data, which surveyed the 
Puysegur area and were used b y  McMillan et al. (1997) to estimate natural mortality. Natural 
mortality estimates were not available from OEO 3A because there were no otolith samples for age 
estimation available from early in the fishely. Each observation was weighted so that the two sexes 
contributed equally to the fitting of the model, even though they had slightly diierent sample sizes. 
Log-linear least squares were used because the residuals seemed to increase with length and were 
stabilized by the transformation. Non-linear least squares did not fit as well and heteroskedastic 
residuals were observed. 

Table 18: Lie  history parameters for black oreo. The combined parameters were used in this model and 
the sex-specific parameters are included in the table for comparison. 

Parameter Symbol (unit) Combined Female . Male 
Natural mortality M (w') 0.044 0.044 0.044 
Growth C.V. 0.077 
Length-weight parameters a 0.0078 0.008 0.016 

b 3.27 3.28 3.06 

Growth was defined by a mean length at each age class in the model (1 to 70 years), and an associated 
C.V. was assumed to be constant over the age classes. Hicks et al. (2002) used von Bertalanffy 
parameters, but extension of the model to include fish from age one year onwards made this f o p  
inappropriate. Growth data for black oreo splits into two groups (Figure 13) at about age 5 
corresponding to the pre- and post-settlement life stages and the von Bertalanffy parameters did not 
adequately fit the two different growth phases. Mean length-at-age was calculated separately for pre- 
and post-settlement fish and Smear interpolation was used to join the curves. 



Figure 13: Growth data for black oreo from Puysegut (circles). A local regression was fitted to fish 
greater than 20 em length (line). Mean length for ages 1 to 6 years are shown "+". See text for 
more detail. 

For post-settlement fish a local regression with a width spanning 213 of the data was fitted to all fish 
greater than 20 cm. Mean length at ages 7 to 70 years was calculated from this fit (Table 19). For pre- 
settlement fish, a straight line was taken through the origin and the mean length for fish less than 20 
cm length. Linear interpolation was used to calculate the mean length at ages 1 to 4 years. Finally 
mean length for ages 5 and 6 years was calculated by linea~ interpolation between those at 4 and 7 
years. This three-stage method was an attempt to provide a reasonable transfer between the two 
growth stages. The apparent length truncation of data for the post-settlement fish suggests that 
settlement is length based, but also that a fit to the lowest ages of the data would be an upward biased 
estimate of the population mean length as an unknown fraction of fish are not selected. Otolith 
examination shows that at age 5 years about half the fish have a settlement check, but at age 4 few 
fish have the check and at age 7 nearly all have it, so 4 and 7 years were chosen as the ends of the 
settlement region. 

The C.V. for the growth data (8%) was estimated within the model assuming that it was constant across 
the age classes using data from fish greater than 20 cm length (Table 19). 



Table 19: Calculated mean length (cm) for ages 1 to 70 years. 

Age 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Mean 
length 
4.2 
8.4 
12.6 
16.8 
19.6 
22.4 
25.2 
255 
25.8 
26.1 
26.3 
26.6 
26.9 
27.2 
27.5 
27.8 
28.1 
28.3 

Mean 
length 
28.6 
28.9 
29.2 
29.4 
29.6 
29.9 
30.1 
30.3 
30.5 
30.7 
30.9 
31.1 
31.3 
31.4 
31.6 
31.7 
31.9 
32 

Mean 
Age length 
36 32 
37 32.2 
38 32.3 
39 32.5 
40 32.7 
41 32.8 
42 33 
43 33.1 
44 33.3 
45 33.4 
46 33.5 
47 33.7 
48 33.8 
49 33.9 
50 34.1 
5 1 34.2 
52 34.3 
53 34.5 

Mean 
length 
34.6 
34.8 
34.9 
35.1 
35.2 
35.4 
35.5 
35.7 
35.9 
36 

36.2 
36.4 
36.5 
36.7 
36.8 
37 

37.1 

3.9 Development of a base case model 

A CASAL model (termed the H&D model below) that emulated the Hicks et al.'(2002) spatial 
analysis model was developed fust. New and updated data sets were then applied to the H&D model 
and new pmameters were examined to establish better fits to the data. The differences between the 
H&D model and the base case model are summarised in Table 20. More detail on the stages of model 
development are shown in Figure 14 and summarised in Tables 21-23. The base case chosen was the 
model that showed the best fit to the data without overfitting, in our opinion. 

Four series of model fits are reported (Table 23). Series 1 evolved the D2000 model with the data and 
model structure changes detailed in Table 22. The series 2 models used the developed series 1 model 
to develop the base case by changing the migration parameters. Series 3 models investigated the 
sensitivity of the base case model to changes in some of the key parameters. Series 4 models 
investigated the effects of changes to input data suggested by the Deepwater Stock Assessment 
Working Group including treating the Area 1 acoustic absolute abundance estimate as a relative value, 
excluding the two pre-GPS CPUE abundance indices, excluding the three post-GPS CPUE abundance 
indices, and including Area 1 trawl survey length frequency data. 

Estimated model parameters and priors are presented in Table 24. 

In order to achieve MCMC convergence the base case model was modified in the following way. 
1. Process error for the acoustic and observer length frequency data analysis were fixed at the 

MPD value. 
2. The b value for the migration from midwater to Area 1 parameter was fixed at the MPD 

value. This value was at or close to a limit. 
3. The b value for the migration from Area 1 to Area 2 parameter was fixed at the MPD value. 

This value was at or close to a limit. 



Table 20: Differences between the initial CASAL model (H&D) and the base ease model used in this 
assessment 

Parameter H&D Base case 
I CPUE Up to 1999-2000, old standard errors. Up to 200142, new standard errors, 20% 

process error. 
2 Abundance 1997 acoustic survey. 1997 & 2002 surveys, corrected for TS & area 

outside study area. 
3 Acoustic LF 1997 acoustic survey, Coleraine 1997 & 2002, lognormal, new c.v., 

dishibution. process error estimated. 
4 Observer LF Up to 2000-01, Coleraine distribution. Up to 200243. grouped (5 yr), lognormal 

Annual length frequencies. distribution. Process error estimated. 
5 Recruitment At age of 5 years into Area 1. At age 1 year into new midwater layer "area". 

Fish settle on bonom'in Area 1 via a migration 
ogive. 

6 Selectivity One per area. All free seleftivity parameters were dropped, 
but when used for A m  1 was made linear and 
Area 2 kept the same as Area 3. 

7 Growth von Bertalanffy. fixed C.V. Three phases. Estimated C.V. of the length spread. 
8 Migration Constant proportional. Age dependent 

Density dependent Area 2 to 3. No density effects. 
9 Catch To 20MM1. To 200142. 

F i e l 4 :  Flowchart of the development of the CASAL stock assessment models presented in this 
report. Base case in bold. Arrows link the model runs and the boxes denote groups of data 
and method changes. See Tables 21-22 for details and Table 23 for run name abbreviations. 

Table 21: Parameter codes and descriptions used in Figure 14 and Table 22. 

Description 
Age dependent migration 
Age and density dependent migration 
Natural mortality of mature fish 
Natural mortality of immature fish 
Catchability for acoustic Area 1 
No restriction on recruitment deviates. 
Recruitment deviates restricted to 6. 



Table 22: CASAL model data inputs and method changes compared to the Hick. et al. (2002) spatial model. 
Changes were applied together in three groups, C1, C2, and C3. 

Group Data source Description of use ind estimates made 
C1 Observer length frequency Data to 2000-01. Lognormal error structure, grouped over years. 

Process error estimated. 
C1 Acoustic length frequency 1997 survey data only. Lognormal error structure. 

Process error estimated. 
C1 CPUE abundance Data to 1999-2MX). New standard errors. 20% process error assumed. 
C1 Acoustic abundance 1997 survey only. Corrected for catches outside study area. Revised 

target strength. 
C1 Midwater layers Assumed recruitment to midwater and then into Area 1. 1-70 years. 
C1 Fishing selectivities Area 3 assumed same as Area 2. 

C2 Growth New growth (Section 3.8), pre- and post-settlement. Length-at-age c.v.s 
estimated 

C3 CPUE abundance Updated with 200041 and 200142. 
C3 Acoustic abundance 1997 plus 2002 surveys. 
C3 Acoustic length frequency 1997 plus 2002 survey data. 
C3 Observer length frequency Updated with 200142 and 2002-03. 
C3 Catch history Updated with 2C00-01 and 2001-02. 

Table 23: CASAL model runs reported. Base case in bold. -, not applicable. 

Code Run numbers Series Changes Extra ~arameters Descri~tion 

Base 152 
Al.aco.rel 163 
Drop.pre.GPS 170 
Drop.pst.GPS 17 1 
A1.res.L.F 190 

(Table 22) 
1 - 
1 C1 
1 Cl+C2 
1 Cl+C3 

2 Cl+c2+C3 

2 Cl+C2+C3 
2 Cl+C2+C3 

3 Cl+C2+C3 
3 Cl+C2+C3 
3 Cl+C2+C3 
3 Cl+C2+C3 
3 Cl+C2+C3 

4 Cl+c2+C3 
4 Cl+C2+C3 
4 Cl+C2+C3 
4 Cl+C2+C3 
4 Cl+c2+C3 

(Table 21) 
- Emulated the 2002 analysis. 
- Added revised data and "016' growth. 
- Added "new" growth. - Added 2002 survey and updated data. 

- Simple model, constant proportional 
migration 

A* Plus age dependent migration 
D,+, Plus age and density dependent migration. 

A,+,+Md Sensitivity to mature fish M. 
Ad.+Mi,, Sensitivity to immature fish M. 

~i.+&;, Sensitivity to catchability in Area 1. 
A,+,+L. ~ensitivity to recruitment effects. 

Ai,+&,* Sensitivity to recruitment effects. 

Base case as above. 
Make Area 1 acoustic abundance relative. 
Exclude pre-GPS CPUE. 
Exclude post-GPS CPUE. 
Include Area 1 trawl survey length data. 



TabIe24: Estimated parameters and uniform priors of the CASAL stock assessment model, sexes 
combined. 

Parameter Lower bound Upper bound 

Initialisation RQ (numbers) 

Selectivity @r) 
Area 1, age at 50% selection 
Area 1, ages 50-95% selection 
Area 2, age at 50% selection 
Area 2, ages 50-95% selection 
Migration @r) 
MW to Area 1, age at 50% selection 
MW to Area 1, ages 50-95% selection 
Area 1 to 2, age at 50% selection, logistic ogive 
Area 1 to 2. ages 50-9.546 selection, logistic ogive 
Area 1 to 2, capped logistic ogive 
Area 2 to 3, age at 50% selection, logistic ogive 
Area 2 to 3, ages 50-95% selection, logistic ogive 
Area 2 to 3, capped logistic ogive 
Process error rv. 
Areas 1-3 acoustic length frequency 
Areas 1-3 observer length frequency 
Catchability 
Area 1 CPUE post-GPS 
Area 2 CPUE pre-GPS 
Area 2 CPUE post-GPS 
Area 3 CPUE pre-GPS 
Arca 3 CPUE post-GPS 

4. RESULTS 

4.1 MPD results 

The MPD parameter estimates and run details are listed in Tables 25-37 (see Tables 21-23 for run 
descriptions). The results showed that the CASAL emulation of the Hicks et al. (2002) spatial analysis 
(H&D, Series 1) gave similar results to the Hicks et al. (2002) results (Table 28). The series 1 model 
and the revised data gave improved model fits (Figures 15-18). However, the CASAL Series 1 
models also gave more optimistic current biomass results compared to Hicks et al. (2002) because of 
the diierent parameter estimates. When the new data sources (see Table 22, C1) were added to the 
H&D model to create the D2000 model run, the selectivities in Areas 2 and 3 moved to the left of the 
those from the HBrD model run, so that effectively all fish in the area were selected. In contrast to the 
H&D model, agedependent migration significantly improved the fit (Table 27). but estimating Mjur 
did not. These changes may reflect the fact that the observer length frequencies were down-weighted 
relative to the acoustic length frequencies since the estimated process enor on the observer length 
frequencies is about 60% compared to 30% on the acoustic length frequencies. 

In the series 2 model mns (see Table 23) the new growth form and the new data (2002 acoustic 
abundance, (SPUE, etc) were used (Tables 29-31) and a base case was developed for MCMC ~ n s  
(Figures 19-24). Age based migration was needed mainly to help fit the acoustic length frequency 
data from Areas 1 and 2. Density dependent migration is also statistically significant through better 
fits to the observer and acoustic length frequency and CPUE data in Area 3. But the better fits are not 
visually apparent and so age dependent migration alone (no density dependent migration) was chosen 



for the base case (See Table 23). Fits of the observer and acoustic length data by grouped year and 
area and QQnorm plots are in Appendices A-D. 

The series 3 model runs (see Table 23) are sensitivities of the base case to various key parameters and 
results show significantly better fits when adult M was estimated and recruitment deviates were used 
(See Tables 32-34, Figures 25 & 26). The fits to the observer and acoustic length frequency data in 
Area 2 are improved by the recruitment deviate effect (Figure 27). 

The series 4 model runs (see Table 23) were extra runs requested by the  Deepwater Working Group 
and produced results that were not significantly different to those from the base case (Tables 35-37). 

Series 1 

Table 25: MPD fits. Free parameter estimates for series 1 model rum. -, not estimated 

Initialisation Ro 
Sue-at-age (cm) 
Sieat-age C.V. 

Selectivity (yr) 
Area 1, age at 50% selection 
Area 1, ages 50-95% selection 
Area 2, age at 50% selection 
Area 2, ages 50-95% selection 
Area 3, age at 50% selection 
Area 3, ages 5045% selection 

Migration (yr) 
MW to Area 1, age at 50% selection - 5.00 14.00 5.00 
MW to Area 1, ages 50-95% selection - 0.20 0.20 0.20 
Area 1 to 2 proportion 0.03 0.04 0.02 0.03 
Area 1 to 2, density dependent 0.69 - - - 
Area 2 to 3 proportion 0.03 0.04 0.04 0.03 
Area 2 to 3, density dependent 2.11 - - - 
Process error C.V. 

Areas 1-3 acoustic length frequency 
Areas 1-3 observer length frequency 



Table 26: MPD fits Objective function component estimates for series 1 model tuns. 

Acoustic abundance 
Area1 
Area 2 
Area 3 

CPUE 
Area 1, post-GPS 
Area 2, POS~-GPS 
Area 2, pre-GPS 
Area 3, post-GPS 
Area 3, pre-GPS 

Acoustic survey length frequency 
Area 1 
Area2 
Area3 

Observer length frequency 
. Area 1 

Area 2 
Area 3 

Fishery catch limit penalty 
Area 1 
Area 2 
Area 3 

Total 

Table 27: MPD fits. Log-likelihood estimates and data drivers for series 1 model NUS. Delta L A- is the 
change in log-likelihood when age-dependent migration was included in the model. Delta A* 
+ Mh, is the change in log-likelihood when age-dependent migration and M of immature fish 
were included in the model. Data drivers are the few data sources that produce the largest 
changes in the log-likelihood estimates. 

D2000 
Delta L Ad, -8.2 
Delta L Adg + Mjuv -9.4 
Mjuv estimate 0.073 
Ad, drivers Area 3 0bs.U 

Area 2 obs.LF 
Mj,. drivers Area 1 aco.abund 

Area 2 obs.LF 

D2MXkG 
-13.9 
-15.3 
0.021 

Area 2 acoLF 
Area 3 obsLF 
Area 3 obs.LF 
Area 2 obs.LF 

D2002 
-5.4 
-6.3 

0.018 
Area 2 acoLF 
Area 1 obs.LF 
Area 2 aco.LF 
Area 1 aco.LF 



Table 28: MPD [its. Biomass estimates (t) for series 1 model runs. -, no data. The reference year for the 
Hicks et al. (2002) biomass estimates (t) was 200061. 

Hicks et al. (2002) H&D D 2 W  D2000+G ~2002 
Mid-year, selected 
Area 1 
Bo 
Bm3 
B m 8 o  

Areas 1-3 combined 
Bo 
Bmm 
B d o  

Total biomass, Areas 1-3 combined 
BO 143 000 132 M)O 150000 244 000 173 000 
B m  55 OOOt 47 300 65 900 167 000 89 300 
B m 8 o  39t 36 44 68 52 



Figure 15: Run 1.2 @&D) selected (solid line) and total (dashed h e ,  may be obscured) biomass (start of 
year) trajectories for each area with CPUE (diamonds) and the 1997 absolute abundance 
(cross) indices and the approximate 95% contidence intervals (two upper and lower left 
pane&). Some confidence intervals exceed the axes of the plot 
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war 

Area2LFs Area3LFs 

Figure 16: Run 1.2 @&D) fits to the acoustic (upper panels) and observer (lower panels) length 
frequency data for each area (left hand axis). The model fit is the thick dashed line and 
arrowhead shows the data. The large cross near the x-axis is the mean of the model fit and the 
circle is the mean of the data. Absolute normalised residuals are shown as crosses joined with 
a thin dashed line (right hand exis). 



Figore 17: Run 138 (D2000) selected (solid line) and total (dashed line, which may be obscured) biomass 
(start of year) trajectories' for each area with CPUE (diamonds) and the 1997 absolute 
abundance indices (cross) and the approximate 95% confidence intewals (two upper and 
lower left panels). Some confidence intervals exceed the axes of the plot. The lower right panel 
shows the migration of fish for each area used in this run. 
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F i e  18: Run 138 @2000) fits to the acoustic (upper panels) and observer (lower paneIs) length 
frequency data for each area (left hand axis). The model fit is the thick dashed line and 
arrowhead she+- the data. The large cross near the x-axis is the mean of the model fit and the 
circle is the mean of the data. Absolute normalised residuals are shown as crosses joined with 
a thin dashed Line (right hand axis). 



Series 2 

Table29: MF'Q fits. Free parameter estimates for series 2 model runs. Base case in bold. -, not 
estimated. 

D 2 W  D2004+Ae D2004+ Dd, 
Initialisation & 26 663 100 24 517 700 23 808 400 
Size-at-age c:v. 0.07 0.08 0.08 
Selectivity (yr) 
Area 1, age at 50% selection 11.22 8.47' ' 8.47 
Area 1, ages 50-9590 selection 0.20 0.50~ 0.50 
Area 2, age at 50% selection 1.01 10.11' 10.14 
Area 2, ages 50-95% selection 0.31 0.50' 0.50 
Migration w) 
MW to Area 1, age at5096 selection 
MW to Area 1, ages 50-95% selection 
Area 1 to 2 proportion 
Area 1 to 2, age at 50% selection, logistic ogive 
Area 1 to 2, ages 5045% selection. logistic ogive 
Area 1 to 2, capped logistic ogive 
Area 2 to 3 proportion 
Area 2 to 3, age at 50% selection, logistic ogive 
Area 2 to 3, ages 5045% selection, logistic ogive 
Area 2 to 3, capped logistic ogive 
Area 2 to 3. Density dependent source 
Area 2 to 3. Density dependent destination 
Process e m  C.V. 

Area 1-3 acoustic length frequency 
Area 1-3 observer length fteiuency 0.74 0.74 0.71 
'set to 1 in final model, 'set to 0 in final model; for no change in parameters or likelihood. 

Table 30: MPD fits. Objective function component estimates for series 2 model rum. Base case in bold. 

Acoustic abundance 
Area 1 
Area 2 
Area 3 
CPUE 
Area 1. post-GPS 
Area 2 post-GPS 
Area 2 pre-GPS 
Area 3 post-GPS 
Area 3 pre-GPS 
Acoustic length frequency 
Areal 
Area 2 
Area 3 
Observer length frequency 
Area 1 
Area 2 
Area 3 
Fishery catch limit penalty 
Area 1 
Area 2 
Area 3 
Total 



Table 31: MPD Gts. Biomass estimates (t) for series 2 model rum. Base case in bold. 

Mid-year, selected 
Area 1 
Bo 
Bm3 
B?om/Bo 
Area 2 
Bo 
Bmm 
B?om/Bo 
Area 3 
Bo 
B m  
Bm@o 
Areas 1-3 combined 
Bo 
Bm3 
B d o  
Total biomass, Areas 1-3 combined 
Bo 
Bm3 
BmzlBo 

D2004 

105 OM) 
101 000 

96 

43 800 
13 800 

31 

48 400 
4 510 

9 

197 OM) 

119 000 
61 

197 000 
119 OM) 

61 

Figure 19: Base case (run 152) selected (solid line) and total (dashed line, may be obscured) biomass 
(start of year) trajectories for each area with CPUE (diamonds) and the 1997 and 2002 
absolute abundance (crosses) indices and the approximate 95% coniidence intervals (two 
upper and lower left panels). Some confidence intervals exceed the axes of the plot. The lower 
right panel shows the migration of fwh for each area used in this run. 



Areal acoLF norm Area2acoLF Area3acoLF nm 

2 0 2 5 3 0 3 5 4 0 4 5  2 0 2 5 3 0 3 5 4 0 4 5  20 25 30 35 40 45 

Areal LFs norm Area2LFs norm 
0.20 4 1990 1998 

Area3LFs 
0.20 4 1980 1989 19942001 0,2041980 1988 1991 1996 M 0 1  nm r 

Figure 20: Base case (run 152) overall fits to the acoustic (upper panels) and observer (lower panels) 
length frequency data for each area (left hand axis). The model fit is the thick dashed line and 
arrowhead shows the data. The large cross near the x-axis is the mean of the model fit and the 
circle is the mean of the data. Absolute normalised residuals are shown as crosses joined with 
a thin dashed line (right hand axis). Fits and residuals have been averaged across data sets in 
each category to show the overaU fit 
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Figure 21: Base case (run 152) selectivity ogives for Areas 1 and 2. The y-axis is the proportion selected. 
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Figure 22: Base case (run 152) migration ogives for the midwater to Area 1, Area 1 to two, and Area 2 to 
3. The y-axis is the proportion migrating at each age. 
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Figure 23: Base case (run 152) QQqnorm plots for the grouped acoustic (upper panels) and observer 
(lower panels) length frequency data. The solid line passes through the first and W d  
quartiles of the data and the standard normal distribution. The dotted line is 1:l thmogh the 
origin. 

Areal CPUE Area2 CPUE Area3 CPUE 

Figure 24: Base case (run 152) QQqnorm plots for the CPUE data The solid line passes through the first 
and third quart& of the data and the standard normal distribution. The dotted line is 1:l 
through the Migin. 



Series 3 

Table 32: MPD fits. Free parameter estimates for series 3 model runs. -, not estimated. 

D20WMd D2004+Mb, D2M)4+&a1 D 2 W L  D 2 W L r g  
Initialisahon % 37 780 300 14 236 200 24 904 4M) 24 230 200 23 667 900 

0.057 Mahm nahudmomlity 
Immatun natunl molality 
Area 1 acoustic abundance q 
Recruitment YCS 
Size-at-age C.V. 

Selectivity (yr) 
Area 1, age at 50% selection 
Area 1. ages 50-95% selection 
Area 2, age at 50% selection 
Area 2, ages 5045% selection 
Migration O 
MW to Area 1, age at 50% selection 
MW to Area 1, ages 50-9596 selection 
Area 1 to 2, age at 50% selection, logistic ogive 
Area 1 to 2, ages 50-95% selection, logistic ogivc 
Area 1 to 2, capped logistic ogive 
Area 2 to 3, age at 50% selection, logistic ogive 
Area 2 to 3, ages 5045% selection, logistic ogive 
Area2 to 3, capped logistic ogive 
Process enor C.V. 

Area 1-3 acoustic length frequency 
Area 1-3 observer length frequency 

- 
- 
- 

Fig. 27 
0.08 

8.22 
0.50 

' 10.04 
0.50 

11.35 
0.20 

55.94 
49.93 
0.12 

26.00 
17.01 
0.05 

0.08 
0.57 

- 
- 
- 

Fig. 27 
0.08 

8.22 
0.50 
8.63 
0.47 

9.59 
0.20 

56.77 
48.45 
0.13 

24.86 
11.70 
0.05 

0.09 
0.56 

Table 33: MPD fits. Objective function component estimates for series 3 model nus. NA, not applicable. 

D2004+Md D2004+MN, D2004+&,~, D 2 W L  D 2 0 0 4 + h  
Acoustic abundance 
Area 1 
Area2 
Area 3 
CPUE 
Area 1 wst-GPS 
Area 2 ~ S ~ - G P S  
Area 2 prc-GPS 
Area 3 post-GPS 
Area 3 pre-GPS 
Acoustic length Equency 
Area 1 
Area 2 
Area 3 
Observer length frequency 
Area 1 
Area 2 
Area 3 
Fishery catch limit penalty 
Area 1 
Area 2 
Area 3 
YCS average penalty 
YCS smoothing penalty 
Total 



Table 34: MPD fits. Biomass estimates (t) for series 3 model runs. 

D 2 W M d  D2004+Mbv D2004+&~, D2GQ4+%, D2004t%, 
Mid-year, selected 
Area I 
Bo 
Bma 
BzmJBo 

Area 2 
Bo 
B m  
BmoJBo 

Area 3 
Bo 
B2m 
B 2 d 0  

Areas 1-3 combined 
Bo 
Bma ' 

B d o  

TotA biomass, Areas 1-3 combined 
B" 

131 000 
106 000 

81 

36 500 
13 900 

38 

46 500 
3 050 

7 

214 000 
123 OM) 

57 

214 000 
123 OM) 

57 

Figure 25: Run 161 (sensitivity) selected (solid line) and total (dashed be, may be obscured) biomass 
(start of year) trajectories for each area with CPUE (diamonds) and the 1997 and 2002 
absolute abundance (crosses) indices and the approximate 95% confidence intervals (two 
upper and lower left panels). Some confidence intervals exceed the a ~ e s  of the plot The lower 
right panel shows the migration of fish for each area used in this run. 



Figure 26: Run 161 (sensitivity) overall fits to the acoustic (upper panels) and observer (lower panels) 
length frequency data for each area (left hand axis). The model tit is the thick dashed line and 
arrowhead shows the data. The large cross near the x-axis is the mean of the model tit and the 
circle is the mean of the data. Absolute normalised residuals are shown as crosses joined with 
thin dashed line (right hand axis). Fits and residuals have been averaged across data sets in 
each category to show the overall fit 

Figure 27: Run 161 (crosses) and run 164 (dashed line) recruitment deviates. 
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Series 4 

Table 35: MPD fits. Free parameter estimates for series 4 model runs with the base case included for 
comparison. See model run details and abbreviations in Table 23. -, not estimated. 

Initialisation RO 
Size-at-age C.V. 

Base Al.aco.rel Dmp.pre.gps Drop.post.gps Al.res.LF 
24 517 700 24 904 400 24 583 800 23 966 800 24 109 900 

0.08 0.08 0.08 0.08 0.08 

Selectivily (yr) 
Area 1, age at 50% selection 8.47 8.45 8.47 8.47 8.47 
Area 1, ages 50-9546 selection 0.50 0.50 0.50 0.50 0.50 
Area 2, age at 50% selection 10.11 10.10 10.11 10.11 10.11 
Area 2, ages 50-95% selection 0.50 0.50 030 0.50 0.50 

Migration O 
MW to Area 1, age at 50% selection 17.00 
MW to Area 1, ages 50-9596 selection 0.20 
Area 1 to 2, age at 50% selection, logistic ogive 35.12 
Area 1 to 2, ages 50-95% selection, logistic ogive 70.00 
Area 1 to 2, capped logistic ogive 0.07 
Area 2 to 3, age at 50% selection, logistic ogive 17.67 
Area 2 to 3, ages 5045% selection, logistic ogive 23.32 
Area 2 to 3. capped logistic ogive 0.04 

Process m r  C.V. 

Area 1-3 acoustic length frequency 
Area 1 trawl swey  length muency 
Area 1-3 observer length frequency 

Table 36: MPD fits. Objective Eunetion component estimates for series 4 model runs with the base case 
included for comparison. See model m details and abbreviations Ln Table 23. NA, not 
applicable. 

AcousIic abundance 
Area 1 
Area 2 
Area 3 

CPUE 
Area 1 mat-GPS 
Area 2 b s t - ~ ~ ~  
Area 2 pre-GPS 
Area 3 post-GPS 
Area 3 pre-GPS 

Acoustic length frequency 
Area 1 
Area 2 
Area 3 

Observer length kquency 
Area 1 
Area 2 
Area 3 

Hshery catch limit penalty 
Area 1 
Area 2 
Area 3 

Area 1 trawl swey length frequency 
Total 

Base 

1.9 
-1.7 
-2.0 

-5.2 
-5.1 
-6.4 
-1.3 
-3.9 

-16.4 
-34.1 
-24.4 

-5.4 
14.0 
25.7 

0.0 
0.0 
0.0 

MA 
-64.2 



Table37: MPD fits. Biomass estimates (t) for series 4 model runs with the base case included for 
comparison. See model run de& and abbreviations in Table 23. 

Mid-year, selected 
Area 1 
Bo 

Area 3 
BO 
Bmm 
B 4 o  

Areas 1-3 combined 
Bo 

Total biomass, Areas 1-3 wmbined 
Bo 
Bum 
B d o  

Base 

92 100 
88 2W 

96 

42 000 
12 600 

30 

47 800 
3 200 

7 

182 000 
104 000 

57 

182 MM 
104000 

57 

A1 .res.LF 

98 500 
94 000 

95 

42 600 
14 600 

34 

47 300 
3 190 

7 

188 000 
112000 

59 

188 OM) 
112000 

59 

4.2 Bayesian results 

Convergence diagnostics were run on a chain of final length 8 x lo3, after a bum-in of 860 iterations, 
and after systematically subsampling every 1000th point. Autocorrelations and single chain 
convergence tests of Geweke (1992) and Heidelberger & Welch (1983) were applied to the resultiig 
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.edumOa). Appendix E shows that the MCMC 
nms converged. 

4.2.1 Biomass, yields, current surplus production estimates 

Bayesian estimates were therefore based on the median of an 8 x 10) long MCMC, Table 38. The 
MCMC runs did not estimate the process error of the length data so these were fixed at the MPD 
estimates. 

Table 38: Base case (run1521 MCMC summary statistics of the posterior distributions. 

Initialisation R,, 
Size-at-age C.V. 

Abbrev. 5% quantile Median Mean 95% quantile c.v.(%). 
intlztR0 23 160 OM) 24 670 OM) 24 820 000 26 980 OM) 5 
srt.g.c 0.07 0.08 0.08 0.08 4 

Migration 
MW to Area 1, ages 5C-95% selection mgrMWAl2 0.33 1.46 1.64 3.60 62 
Area 1 to 2. aee at 50% selection. loeistic ogive -121 12.58 42.16 41.56 67.24 40 - . - - 
Area 1 to 2, capped logistic ogive m b l 2 3  0.04 0.08 0.09 0.18 46 
h a 2  to 3, age at 50% selection, logistic ogive mgrtA231 2.78 15.34 16.21 33.60 . 59 
Area 2 to 3, ages 50-95s selection, logistic ogive mgnA232 10.59 46.00 43.56 67.96 41 
Area 2 to 3, capped logistic ogive mgnA233 0.04 0.05 0.05 0.07 18 



The estimates of biomass and yield from the base case analysis were dominated by the acoustic 
absolute abundance estimates and observer length data. The biomass estimates are given in Table 39. 

The CSP estimate was 2330 t (Table 39) and was the catch that ensured that the total biomass at the 
end of the 2002-03 fishing year was the same as the total biomass at the end of 2001-02. 

Table 39: Biomass, and Current Surplus Production (CSP) estimates (t). -, not estimated or n a  

(a) Biomass estimates 

OEO 3A 
Mature virgin 
Mature 2001-02 mid-year 
Selected virgin 
Selected 2001-02 mid-year 

Areas 2 & 3 only 
Mature virgin 
Mature 2001-02 mid-year 
Vulnerable virgin 
Vulnerable 200147, mid-year 

Median 90% (2.1. mid-year %Bo 
161 000 151 000-176000 . - 
84 000 74 000-100 WO 52 

185 000 172 000-206 000 - 
I07 000 94 000-128 000 58 

(b) CSP estimate 
OEO 3A 2 330 

Paired plots of free parameters to check for correlations for the base case are shown in Appendix F. 
The plots used a subsample of 400 points from the posterior sample from the MCMC. The posterior 
distributions for estimates of mid-year mature virgin biomass (Bo) for a l l  areas combined, mid-year 
mature current (2002-03) biomass as a percentage of Bo for all areas, mid-year selected current 
(2002-03) biomass as a percentage of BO for all areas, and mid-year selected current (2002-03) 
biomass as a percentage of BO for Areas 2 and 3 only are shown in Figures 28-29. Plots of the 
posterior distributions for estimates of virgin recruitment, free parameters, and migration are in 
Appendix G. 

140 1M) 180 200 45 M) 55 60 

Mature 00 ('WO t) Mature 62M)243 (%N) 

Figure 28: Posterior distribution of mid-year mature (a) BO (t) and (b) current (200243) biomass as a 
percentage of mid-year mature Bo, for Areas 1, 2, and 3, i.e., excluding the mid-water 
population. 
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Figure 29: Posterior distribution of mid-year selected current (2002-03) biomass as a percentage of 
mid-year selected Bo for (a) Areas 1,2, and 3 and (b) Areas 2 and 3 only. 

4.2.2 Projections 

Forward projections over the next five years were performed to determine the probability that the 
projected biomass would exceed the current biomass, the probabiity that the projected biomass would 
exceed 20%Bo, and the probabiity that the projected biomass would exceed B ~ Y  (which was 
interpreted as being 27%Bo). A catch split of 5%, 68%. and 27% was used for Areas 1-3 respectively 
and recruitment variability (lognoma1 with or = 0.67) and parameter variability were introduced. The 
probabilities for the base case projected under different catch levels are presented in Table 40. 

Table 40: Probabiity that biomass in 5 years (Btan4*) is greater than the reference biomass (20% 
and 27%Bo) and the median biomass in 5 years as a %B, (Bmedmn& under different 
constant catch scenarios. The 2002-03 catch limit for black oreo in OEO 3A was 1855 t 

Annual catch (t) P(B~W,-~~>~O%B~) P(Bm-ms>27%Bo) Bmed~48  (%I 
(a) Mature biomass Areas 1-3 
lo00 1.0 1 .O 56 
1500 1 .O 1 .O 55 
1855 1.0 1.0 54 
2000 1 .o 1 .o 54 
2500 1.0 1.0 52 
3000 1 .O 1 .O 51 

(b) Vulnerable biomass (Areas 2 & 3) 
1000 1 .o 
1500 0.88 
1855 0.65 
2000 0.51 
2500 0.15 



5. DISCUSSION AND CONCLUSIONS 

Parameter uncertainty 
The non-migration parameters were well determined by the model (See Table 3 3 ,  i.e., about 5% C.V. for 
their posterior distributions, probably because there are some good time-series of observed data, e.g.. two 
preGPS and two post-GPS CPUE series of 10 years each; 17 years of observer length data; 31 years of 
catches; and two acoustic abundance estimates. Presumably, the low uncertainty on the estimated &, 
caused low c.v.s (less than 20%) on current biomass (See 29) despite some migration parameters 
having large uncertainties. 

The migration from Area 1 to 2 had large uncertainties in the two parameten estimated, but these were 
highly positively correlated (Appendix F) so that a linear comb'mation of these parameters was well 
determined, i.e., the data are such that only one aspect of the migration was able to be estimated and so it 
is over-parameterised. There were large uncertainties in the Area 2 to 3 migmtion in the 50% se1ection 
and 50-9596 parameters (the cap parameter was reasonably well determined), and the correlation between 
these two parameters was low (Appendix F). The problem is partly that the migrations were inferred and 
were not based on direct observations, i.e., the model needed to shift sufficient biomass into Areas 2 and 
3 to maintain the catches in each and also to explain the observed length fmpencies. The uncertainties 
may also reflect the pattern in misfits in the length frequencies (Appendix A), especially for Area 3, 
created by using a constant ogive over time. Improvements in modelling would involve the use of age 
data and make allowance for time shifts in the migration ogive (or in fishing selectivity). The best data 
would be tag data, but such data are impractical to collect with current methods. 

Deterministic recruitment was assured and so variab'ity in the analysis from this source is not included. 
Recruitment variability can reasonably be expected so there is some extra uncettainty not accounted for. 
Given that length data are used to infer age di&iiutions, recruitment can only be in&tly inferred. Only 
age data can help here. Another source of uncertainty not included is that due to the estimation error in M. 

Comparison of the CASAL spatial model with previous stock assessments 
The 1999 OEO 3A black ore0 stock assessment used a single area, but both the SeamC and NlWA 
models were unable to explain some of the data (Table 41) and also produced conflicting assessment 
results (Annala et al. 1999, Doonan et al. 1999b). When stock assessment models cannot satisfactorily 
predict what appear to be valid observations for fish populations, it may be that the model is miss- 
specified, the observations are incorrect, or both. In response to these problems, a spatial model based 
on splitting the population into three areas was produced in 2002 (Hicks et al. 2002). This solved most 
of the problems with the 1999 assessment (Table 41). The 2004 model built on the 22002 model and 
solved more of the problems (Table 41) as well as using methods employed by NIWA for other recent 
oreo assessments, e.g., the 2003 OEO 4 smooth oreo stock assessment (Doonan et al. 2003a). 

Table 41: The main problems with OEO 3A black oreo stock assessment models (1999, 2002, 2004). 
Yes - explained the data to an acceptable level. No - unable to explain the data to an 
acceptable level NA, not applicable or not used. 

Observation 1999 NIWA 1999 SeaFIC 2002 2004 
Whole area 
Soviet CPUE declined steeper than the predicted 
biomass trajectory. No NA Yes Yes 
Annual length frequency switched from large to 
small fish and vice versa. No No Yes Yes 
Large acoustic abundance of small fish in Area 1. No No Yest Yes 
Spatial Areas (1-3) 
Area 1 acoustic and observer length frequencies. N A NA No Yes 
Area 2 observer length frequencies. N A N A No Yes 
Area 3 observer length frequencies. NA N A No Yes 
t only when i~nmature natural morality was estimated. 



The new assessment is more optimistic than the previous one (Hicks et al. 2002) and fits the data 
better. 

Model problems 
The assessment still has problems, including the fact that the CPUE does not fit to the last few years, 
i.e., the CPUE levels out in contrast to biomass that continues to decline slowly. There is a trend in the 
residuals in the Area 3 observer length frequency that could signify a change in selectivity over time 
(at around 1996) or recent good recruitment, and the settlement ogive needs investigating and seems 
to be in conflict with age at the settlement zone. The Area 1 acoustic estimates rely on mixed species 
in layers and so are much more unceaain compared to the acoustic estimates from Areas 2 and 3. 
However, the assessment is not reliant on the Area 1 acoustic abundance value, because the estimate 
of catchabiity for the model run where the Area 1 acoustic abundance estimates were made relative 
was similar to the runs where the acoustic abundance estimates were absolute, i.e., catchability of 
about 0.9 compared to the assumed value of 1 for the other runs. 

In addition to biases, one known source of uncertainty was not included in the overall uncertainties in 
the estimate of M. The model could be improved by using age frequencies that are separated by about 
10 years. Otolith samples for age frequencies are available from research surveys collected early on in 
the fishery and also from the most recent (2002) survey. This would enable changes in the age 
structure of the population over time to be modelled and may enable better estimates of the 
recruitment variation and the migration effects to be made (since these are based on age ogives). 
Using observer length data requires age to be approximated from length and may not be the best 
estimate of the population age structure. 

In the new model, fishing selectivity is a result of area seleition, with older fish preferentially moving 
deeper. About 3000 t migrates from Area 1 into Area 2 in the base case and this is constant over the 
years assessed. About 750 t migrates from Area 2 to Area 3 and that is over half the amount in the 
virgin state. Given the above and because 90% of the total historical catch has been caught in Areas 2 
and 3, it is possible that a model based on a single area covering Areas 2 and 3 could give similar 
results as obtained here, but with a great simplification in analysis and, perhaps, interpretation. Such a 
move would also mean dropping the acoustic data from Area 1, which is based on estimates from 
layers containing a mix of species. Acoustic abundance estimates from the layers have biases that 
cannot be quantified, so the Area 1 acoustic estimate has an unknown uncertainty. It would also mean 
implicitly assigning fish in Area 1 as being immature, in contrast to the current model which has 
72 000 t of mature fish out of a total of 92 000 t (See Table 37; note that mature fish not reported by 
area) in Area 1. 
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Appendix A 
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Figure Al:  Base case (run 152) grouped observer length frequency dbtributions by area The model fit 
is the thick dashed line and arrowhead shows the data (left hand axis). The large cross near 
the x-axis is the mean of the model fit and the circle is the mean of the data. Absolute 
normalised residuals are shown as crosses joined with a thin dashed line (right hand axis). 



Appendix B 
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Figure B1: . Base case (rua 152) acoustic survey length frequency distributions by area. The model fit is 
the thick dashed line and arrowhead shows the data Oeft hand axis). The Luge cross near the 
x-axis is the mean of the model fit and the circle is the mean of the data. Absolute normalised 
residuals are shown as crosses joined with a thin dashed line (right hand axis). 



Appendix C 
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Figure C1: Base case (run 152) grouped observer length frequency QQnorm plots by area The solid line 
passes through the first and third quartiles of the data and the standard normal distribution. 
The dotted line is 1:1 through the origin. 



Appendix D 
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Figure Dl: Base case (run 152) amustic survey length frequency QQnorm plotr: by area The solid Line 

passes through the first and third quartiles of the data and the standard normal distribution. 
The dotted line is 1:l through the origin. 

Appendix E 

Convergence tests performed on the final MCMC chain of 8 000 points. See Table 38 for parameter 
defmitions and abbreviations. 

Heidleberger 
Stationarity 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 

and Welch tests 
Interval halfwidth 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 

Geweke convergence diagnostic test 
P value 
0.47 
0.81 
0.10 
0.03 
0.68 
0.31 
0.52 
0.31 



Appendix F 

Figure F1: Pairwise plots of MCMC free parameter estimates using a sub-sample of 400 points from the 
base case posterior distribution. See parameter definitions and abbreviations in Table 38. 



Appendix G 
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Figure GI: (a) V i  recruitment in numbers of fish (''Initialisation Rp). Shown on a log scale. @)Base 
case (m 152) MCMC free parameter density plots. See parameter definitions and 
abbreviations in Table 38. 
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Figure 62: Base case (run 152) migration distribution plots, midwater layer to Area 1 and Ares 1 to 
Area 2. See parameter definition in Table 38. 

0 20 4 0 '  60 0 20 40 60 

Yeas Years 

0.04 0.08 0.12 

Scale 

Figure G3: Base case (run 152) migration distribution plots, Area 2 to 3. See parameter definition in 
Table 38. 


