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EXECUTIVE SUMMARY 

Anderson, 03.; Francis, R1.C.Q Hicks, A.C. (2002). CPUE analysis and assessment 
of the Mid-East Coast orange roughy stock ( O m  2~ South, 2B, 3A). 

New Zealand Fisheries Assessment Report 2002L76.23 p. 

This orange roughy stock assessment covers the area from the Ritchie Hills east of ~ a w k e  
Bay south as far as Banks Peninsula, and includes the QMAs ORH 2A South, ORH 2B. and 
ORH 3A. This fishery dates from the early 1980s, and landings peaked at about 10 000 t in 
the early 1990s. A series of reductions in the TACC reduced annual landings to less than 
2000 t by 1995-96, and they have remained at a similar level over the last five years. The 
Mid-East Coast stock was fust assessed as a separate stock (distinct from the East Cape stock 
in ORH 2A North) in 1995. The most recent assessment was in 2000. 

The methods and the model used are unchanged from the 2000 assessment. The inputs to the 
model are (apart from m u a l  catches and biological parameters) absolute biomass estimates 
from an egg survey and an acoustic survey, relative biomass indices from three trawl surveys, 
standardised CPUE indices, and mean length data. The input data diier from the 2000 
assessment in the additional annual catches and mean lengths, the acoustic biomass estimate, 
and revised CPUE indices. As in the 2000 assessment, CPUE is the most influential of these 
inputs, which suggests a stock size over the past k e e  years at a level of one-eighth or less of 
that in any year before 1991-92. There is some conflict between the acoustic and CPUF. 
indices, with the former indicating a higher recent biomass. 

The base w e  assessment, using the input data and variances we believe most reasonable, 
indicates that the stock is cumntly clearly below 20% of Bo, the virgin biomass. Recent catch 
levels, and the current catch limit, are unlikely to allow the stock to rebuild to this level or to 
BmY (the level that will sustain the MSY) within the next five years. Even if no catch is taken 
over the next five years the stock has only an even chance of rebuilding to 20% BO and is very 
unlikely to reach the level of B m .  The cunent catch limit is about twice the base case estimates 
of safe yields (MCY-3 and CAY-). Theassessment depends very sttongly on CPUE 
data, however, and if these data are not included, model results suggest the cuuent catch limit 
may be below these levels and there is a strong chance of the stock size remaining greater than 
20% BO for the next five years with current or even higher catch levels. 

This document is a final report on work carried out as part of the Ministry of Fisheries 
project ORH2001/02. It covers the parts of objective 1 (descriptive abalysis of commercial 
catch and effort data), 2 (unstandardised and standardised CPUE analyses), and 4 (stock 
assessment) that concern the Mid-East Coast stock 



1. INTRODUCTION 

The Mid-East Coast WC) orange roughy stock consists of ORH 2A South (the part of ORH 
2A south of 38' 23' S), ORH 2B (wauarapa), and ORH 3A (Kaikom). It has been treated as 
a separate stock since 1995. Before that it was assessed as part of the "Cape Runaway to 
Banks Peninsula" stock (ORH 2A, 2B, 3A). 

This report updates the previous assessment of this stock in 2000 (Francis & Field 2000). It 
incorporates catch data, existing trawl and egg survey biomass indices, mean length data 
(with an additional datum in 2001), updated CPUe estimates, and a new acoustic survey 
biomass estimate from 2001. 

2. REVIEW OF THE FISHERY 

2.1 TACCs, catches, and catch limits 

The first reported landings of orange roughy between Cape Runaway and Banks Peninsula 
were in 1981-82 with the development of the Wairarapa fishery. The fishery expanded to 
areas off Kaikoua and Hawke Bay (Ritchie Bank) in 1984-85. Catches rose rapidly, peaking 
at about 10 000 t between 1989-90 and 1993-94, and then declined to about 2000 t by 2OM)- 
01 as a result of a series of reductions in TACC (Table 1). 

There was a major change in the ORH 2A fishery in 1993-94 with a shift of effort from the main 
spawning hill on Ritchie Bank to hills off East Cape. Although these hills had apparently been 
only lightly fished in the past, 52% of the total catch in 1993-94 was taken from the East Cape 
area (Table 2). This led to an agreement between industry and the Minister of Fisheries that from 
1994-95 the historically fished areas within ORH 2A (south of 38" 23'. "2A South") would be 
managed separately from the new East Cape fishery (north of 38' 23'. "2A North"). 

The catch limits for these two areas changed several times in the subsequent years, including a 
subdivision, and later re-amalgamation, of 2A North (Table 3). Catches in the exploratory area 
of 2A North never approached the 500 t catch limit, with only 37 t behg caught in 199697 and 
less in following years. 

For the 2001-02 fishing year, the Minister of Fisheries decided to leave the TACC and catch 
limits for the MEC stock unchanged at 1500 t, but to limit the catch to 800 t pending the mults 
of the present assessment The final catch limit for 200142 would be'set according to the 
following table, where Bm14 is a mid-year biomass, assuming a full-year catch of 800 t. 

Bmla > 20%Bo? CAY,, > 800 t? CAY,, > 1500 t? 2001-02 catch limit 
N - - 800 t 
Y N N 800 t 
Y Y N C A y m ~ a  
Y Y Y 1500 t 



Table 1: Reported landings (t) and TAG (t) for ORH 2A, 2B, and 3A from 1981-82 to 2000-01. 

(1 Oct-30 Sep) Landings TAC 
1981-82* - - 
1982-83* - - 
1983-84t 162 - 
1984-85t 1862 - 
1985-86t 2819 4576 
1986-87$ 5 187 5 500 
1987-88$ 6239 5 500 
198&89* 5853 6060 
1989-90* 6259 6 106 
1990-91$ 6064 6106 
1991-92$ 6 347 6286 
1992-93$ 5 837 6386 
1993-94$ 6610 6666 
1994-95$ 6202 7000 
1995-96$ 4268 4261 
199697$ 3 761 4261 
1997-98$ 3 827 4261 
1998-99$ 3 335 3761 
1999-00$ 3 120 3761 
2000-01$ 1385 1100 
* MAP data. 
t FSUdata. 
$ QMSdata 
5 Included in QMA 3B TAC. 

Landings TAC 
554 - 

3510 - 
6 685 - 
3310 3500 

867 1053 
963 1053 
982 1053 

1236 1367 
1400 1367 

1367 
1367 
1367 
1367 

820 
259 
259 
259 
259 
259 
185 

QMA 3A 
-=) 

Landings TAC - - 
253 - 
554 - 

3 266 5 
4326 2689 
2555 2 689 
2510 2689 
2431 2839 
2 878 2 879 
2553 2 879 
2443 2 879 
2 135 2 879 
2 131 2300 
1686 1840 

612 580 
580 580 
570 580 
582 580 
617 580 
479 415 

All areas 
combined 

Landings TAC 
554 - 

3 763 - 
7 401 - 
8 438 - 
8012 8318 
8705 9242 
9731 9242 
9 520 10266 

10537 10352 
10001 10 352 
10 117 10532 
9 052 10632 

l o r n  10 333 
8 642 9 66) 
5125 5 100 
4613 5 100 
4651 5 100 
4174 4600 
3971 4600 
2054 1700 

Table 2: Ritchie (ORH 2A South) + East Cape (ORH 2A North) catches by area, in tomes and by 
percentage of the total ORH 2A catch. (Percentages calculated from: M i  of Fisheries data up 
to 1993-94; NZmB data for 1994-95 to 1996-97; and subsequently Orange Roughy Management 
Company data) 

Fishing ycar 2A North 2A South 



Table 3: Catch Limits (t) by subarea within ORH 2A, as sgreed between the industry and Minister of 
FFsheries since 1994-95 (note that 2A North was split in 1996-97 into the area round the East Cape 
Hills and the remaining area, which is called the exploratory area). Provisional catch limit pending 
the results of the stock assessment. 

Fishing year 
1994-95 
1995-96 

2A North 
3000 
3000 

East Cape Hills Exploratory 
2500 500 
2500 500 
2000 500 
2000 500 

2.4 North 
200 
m 

2.4 South 
4MX) 
1261 

2.2 Non-commercial and Maori customary fisheries 

No noncommercial or Maori customary fisheries for orange roughy are known in this area. 

2.3 Other sources of mortality 

There has been a history of catch ovemms in this area because of lost &h and discards. In this 
assessment (as in previous ones) total removals were assumed to exceed reported catches by the 
overmn percentages in Table 4. 

Table 4: Cat& overruns (%) by QMA and year. -, no catches reported. 

Year 2A (North and South) 
1981-82 - 
1982-83 - 
1983-84 50 
1984-85 50 
1985-86 50 
1986-87 40 
1987-88 30 
1988-89 25 
1989-90 20 
1990-91 15 
1991-92 10 
1992-93 10 
1993-94 10 
1994-95 and subsequently 5 

3. RESEARCH 

3.1 Stock structure 

Two spawning locations have been identified in ORH X, one at the East Cape hills in 2A 
North and the other on the Ritchie Bank in 24 South. Simultaneous spawning at these two 
locations has been taken as evidence of stock separation. No large concentrations of spawning 



fish have been located in Wairarapa or Kaikoura, and most fish from these QMAs are believed 
to migrate to the Ritchie Bank to spawn. ' I  

Results from allozyme studies show that orange roughy from the three areas, 2A South, 
Wairarapa, a@ Kaikoura, cannot be separated, but are distinct from fish on the eastern Chatham 
Rise. EarIier data suggesting a genetic stock boundary between East Cape and Ritchie Bank 
were not supported by a recent replicate sample from East Cape. 

For these reasons, the MEC stock is treated as distinct from the East Cape stock (2A North) to 
the noah, and ORH 3B to the south and east. 

3.2 Resource surveys 

Five resource-survey biomass estimates are used in this assess~xnt: thee from trawl surveys 
(Grimes 1994. 1996a. 1996b). one from an egg survey (Zeldis et al. 1997). and one from a 
recent acoustic survey (Doonan et al, unpublished results of voyages TAN0109 and TVIO101) 
(Table 5). It was decided not to use the estimate h m  the 1995 egg survey because it was 
deemed unreliable (due to the survey's brief duration and the unexpected hydrological 
conditions it encountered (Zeldis et aL 1997)) and it was found to have little influence in the 
previous assessment by Francis &Field (2000): 

Table 5: Survey biomass estimates (with evs) for the MEC stock. For the egg survey, estimates are 
corrected for turnover. 

Year Voyage code Biomass (t) 
Trawl surveys 1991-92 TAN9203 7 073 (0.28) 

1992-93 TAN9303 4 823 (0.15) 
1993-94 TAN9403 5 129 (0.18) 

Acoustic survey 2CW-01 TAN0109 26 700 (0.38) 

3.3 Mean length 

A time series of mean length data is available for use in the assessment (Table 6). The 
calculation of all but the last mean length was described by Field et al. (1994). 

Table 6: Spawning-season mean length indices for the MEC stock 

Year 
1986 
1987 
1989 
1990 
1991 
1993 
2001 

Source 
GAI.8603. 
ARR8701 

.market samples 
market samples 
market samples 

TAN9306 
TANOlW/rVI0101 

No. of tows 
21 
36 
12 
15 
19 
50 

8 

Mean length (cm) 
35.70 
35.44 
35.78 
35.68 
35.58 
35.76 
34.81 



The last mean length was calculated from tows associated with the 2001 acoustic survey, so 
as to ensure comparability with the preceding figures. Only stations which sampled "orange 
roughy marks" and were from the main spawning area were used in the analysis, resulting in 
a total of eight tows from two vessels (Table 7, Figure 1). 

Table 7: Stations which were used to calculate the mean length. These stations were targeting an 
orange roughy mark. (TAN, Tangama; TVI, Tasman Viking.) 

Vessel Stratum Station %catch Number of Number of 
sampled males measured females measured 

TAN 
TVI 
TVI 
TVI 
TVI 
TVI 
TVI 
TVI 

RB 
North W 
RA 
RA 
RA 
Hi1 814 
RB 
RB 

Figure 1: Locations of the stations used to calculate the mean length of spawning orange roughy. 

As in Field et al. (1994), only lengths of 30 cm or more were used. The number of fish in each 
length class was scaled by the catch in the following manner. 

where the subscripts I, s, and i refer the length class, sex, and station, respectively. The 
scaling factor on the number of fish of a particular sex, observed in length class I, and in tow 



i is the total catch, C,, divided by the weight of all the sampled fish, wi. The mean length was 
then found by summing all the lengths and dividing by the number of fish. 

The overall mean length for both sexes assumes a 5050 ratio of sexes by, taking the average of 
the sex specific mean lengths. 

3.4 CPUE 

3.4.1 Unstandardised CPUE 

The MEC orange roughy fishery has been spread out over the entire fishing year in all years 
since 1983-84 (Table 8). Although there is usually increased effort during the Ritchie Banks 
spawning period (June), this is not always the case (e.g., 1997-98 (4% of the annual effort)). 
Effort in this fishery is fairly constant over the first nine months of the fishing year, and 
usually tapers off after June. The number of vessel daysper year has fluctuated over time, 
and levels of between 1000 and 1600 in the early 1990s have decreased in recent years to 
between 600 and 1100. 

Table 8: Fishing effort in 2A South, ZB, and 3A by fishing year: percent of vessel-days by month 
and total vessel-days for the year. 

No. 
Fishing year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep days 
1983-84 9 9 9 13 15 16 15 10 2 0 0 3 544 
1984-85 13 11 7 9 11 13 13 14 4 1 0 4 1256 
1985-86 9 10 6 8 10 10 12 12 10 3 2 8 1093 
1986-87 12 11 4 8 8 13 12 7 5 5 9 7 868 
1987-88 12 13 6 9 8 11 13 13 8 '3 1 3 837 
1988-89' 2 7 7  6 6 8 4 2 1 1 5 3 3 1 7  151 
1989-90 . 12 10 3 14 13 11 8 10 10 4 1 3 991 
199C-91 9 12 8 12 11 9 10 12 9 3 1 5 1W9 
1991-92 7 8 5 11 7 10 16 14 10 3 2 7 1319 
1992-93 5 6 3 11 11 10 8 10 13 7 7 10 1573 
1993-94 6 7 4 12 10 9 11 12 14 4 4 6 1625 
1994-95 10 1 5 7 5 8 7 9 20 io 7 11 1436 
1995-96 11 7 8 10 5 10 13 14 9 7 5 3 568 
1996-97 13 11 6 6 5 9 10 15 10 5 2 7 728 
1997-98 15 13 6 9 14 15 11 8 4 1 0 4 847 
1998-99 10 8 6 17 11 6 11 10 8 4 4 6 1124 
1999-00 16 8 5 8 10 7 7 10 11 9 3 6 1150 
2000-01 10 12 8 11 6 9 11 15 14 1 0 3 636 
M u c h  of the catch effort data arc mnog for ttur year 

Catches were distributed throughout the entire latitudinal range in the &st few years ( F i i  2). 
but in the late 1980s the conEibution to the total catch of the Ri tcw Banks fishery increased 
markedly and this has remained the most productive region in the MEC stock since. The catch 
profiles in Figure 2 show a flattening off in recent years, beginning at about 1993-94. The spikes 

, in the plots are at similar latitudes in each year, indicating a reliance on three general areas 



within ORH 2A South; Tolaga Hill, Ritchie Hill, and the large southern area (Rock Garden, 
Tim's Bank, etc). h ORH 3A there has been no strong latitudinal focus across years, but the 
catch profles indicate a similar distribution of catches in each year up until the mid 1990s, after 
which they flatten out considerably. The catch profiles in ORH 2B show a spike at the latitude of 
the Castlepoint bills in most years, and this also flattens out over the last six or seven years. 

Figure 2: Catch profiles by latitude of orange roughy in the MEC f~hery since 1985-86. Catches 
were summed over each 0.1 degree of latitude and a smoothed h e  fitted. 

10 



Unstandardised CPUE indices were calculated from the dataset used for the standardised 
analysis. This excluded data from ORH 3A, from the 1998-99 fishing year, and from vessels 
with a low level of experience in the fishery (see below for details). Annual catch rates in 
ORHZASouth remained between 3 and 5 tonnes per tow for several years after the 
development of this fishery, peaking in 1987-88 at 5.6 tonnes per tow (Table 9). Catch rates 
thereafter declined steadily to a level of about 1 tonne per tow in the last four years. A similar 
pattern is shown for catch rates in ORH ZB, and although catch rates in this area have for 
most of the history of these fisheries been consistently lawer than in ORH 2A South, in the 
last three years the unstandardiied catch rates in these two areas have converged to a similar 
level. Catch rates (both tonnes per tow and tm) in the two areas combiied were erratic over 
the fmt five years of the fishery, but since 1989-1990 have shown a consistent txnd 
downwards. This trend is most smooth for the tm series, which shows no change or declining 
catch rates in each year since 1987-88. 

Table 9: Catch (t), number of tows (n), and uostandardised CPUE (total catch (t)/total number of 
tows and total catch (t)/total hours towed) in ORH 2A Southand ORH 2B between 1983-84 and 

Fishing year 

1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 . 
199C-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 

ORH 2A South 
t u t l t t m  

ORH2B 
tlt tm 

4.4 3.5 
2.2 1.6 
2.5 1.5 
1.7 1.2 
3.0 2.4 
- - 

2.2 2.0 
2.1 1.8 
1.4 1.0 
1.2 0.9 
1.4 0.9 
1.1 0.8 
0.6 0.4 
0.9 0.4 
0.8 0.4 
1.1 0.6 
0.9 0.7 
0.8 0.6 

2AS + 2B 
tlt tm 

4.4 3.5 
2.4 1.5 
3.3 2.1 
2.9 1.9 
4.7 3.3 
- - 

3.3 3.0 
3.2 2.7 
2.6 1.9 
2.2 1.6 
1.6 1.2 
1.1 0.8 
1.4 0.8 
1.3 0.6 
1.1 0.6 
0.9 0.5 
0.8 0.5 
0.9 0.5 

3.4.2 Standardised CPUE 

Catch effort data from TCEPR and CELR records from 1983-84 to 2000-01 were combiied 
and summarked into a daily aggregated format Although some detail is lost from the tow-by- 
tow TCEPR records, this was a necessary step as most of the early 'data were recorded on 
daily summary CELR forms and most of the recent data were recorded on TCEPR forms. The 
analysis included all records that caught or targeted orange roughy except that; vessels which 
had fished the area in less than 8 years and completed fewer than 100 tows were excluded; all 
data from ORH 3A were excluded due to a belief that mis-reporting of catch in that area had 
been widespread in some years; data from 1988-89 were excluded because much of the 
landings for that year were not accounted for in the catch effort records. 



A standardised CPUE analysis was carried out using the stepwise multiple regression 
technique described by Field (1992) and Francis & Field (2000). This technique makes a 
number of assumptions, including that there is a proportional relationship between CPUE 
indices and stock biomass, that factors contributing to the variability in CPUE were measured 
and available, and that birth, death, and migration rates of orange roughy were constant over 
time. By regressing the available factors against CPUE, their effect can be removed and any 
remaining variability in CPUE over time can be measured independently of these factors. The 
units of CPUE used were tonnes per hour or tomes per tow, and data were log-transformed to 
produce a normal distribution. Due to the aggregation of catch effort data into a daily format 
there were very few records with no catch of orange roughy and therefore a binomial model, 
examining CPUE in terms of tow success or failure, was not considered. 

The initial model run @ase case) used the same criteria and input variables as the most recent 
CPUE analysis for this fishery (Francis & Field 2000), and the regression was weighted by 
the number of tows associated with each record. Three alterndtive models ,were then tested in 
order to examine the robustness of the model indices. The variable Fishing year was forced 
into the model and the following variables were tested for inclusion: the categorical variables 
Vessel, Month, and (Statistical) Area, and the vessel statistics (as proxies for fishing power) 
Year built, Grt (gross registered tonnage), and Lbd (length*breadth*draft). Terms were added 
to the model if this resulted in an improvement in the @ of 0.5% or more. All possible 
interaction term, frompairs of the selected variables, were also tested. 

The base case run produced a model with the form CPUE (tlhr) = Fishing year + Vessel + 
Month +Area. These are the same four variables selected in the previous analysis (Francis & 
Field 2000). 

Variable R= 
+ Fishing year 8.8 
+ Vessel 16.2 
+ Month 19.7 
+Area 20.2 

Standardised indices from the model are presented in Table 10 with standard errors 
calculated from the canonical form of the indices (in which there is no reference year) (after 
Francis 1999). The series shows fluctuating values in the first few years, followed by a steady 
decline betweei 1987-88 and the present. The indices for the last three years have remained 
at a constant level and indicate a stock size over the past three years at a level of oneeighth 
or less of that in any year before 1991-92. 



Table 10: Standardid CPUE indices from the updated model, with standard errors. The 
number of records, amount of catch, percentage of the recorded landings in ORE 2A South and 
ORH 2B represented in the analysis, and that percentage were all vessek to be included, are also 
shown. -, not calculated (no indices were calculated for 198889 because of poor data coverage). 

Fishing 
Year 

1983-84 
1984-85 
198546 
1986-87 
1987-88 
1988-89 
1989-90 
199C-91 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
199940 
2 m 1  

Index 

1.000 
0.362 
0.701 
0.509 
0.650 

- 
0.456 
0.467 
0.255 
0.184 
0.129 
0.070 
0.065 
0.082 
0.080 
0.049 
0.045 
0.046 

Catch (t) 

5714 
2991 
2320 
2129 
3733 

- 
5119 
5292 
5568 
5195 
3229 
1779 
740 
581 
697 
857 
729 
561 

% of 
landings 

83 
58 
64 
35 
52 
- 

67 
71 
73 
75 
73 
44 
58 
38 
42 
54 
40 
44 

% of landings 
(all vessels) 

89 
91 
98 

' 61 
, 69 - 

85 
86 
89 
94 
93 
83 
79 
95 
97 

106 
94 
99 

Three alteriatives to the initial model were tested. The first used the same four predictor 
variables but incorporated a weighting in the model based on the inverse of the number of 
tows in the year associated with each record (instead of the number of tows in the day 
associated with each record). This has the net effect of g i ~ g  equal we' ight to the available 
data for each year. The second alternative replaced Area in the model with the second order 
interaction term (MonthVessel). In the stepwise modelling process, this term explained 
slightly more of the variance than the Area variable, but was not use& in the base case in 
favour of a less complex term. The third alternative used tonnes per tow as the unit of CPUE 
in the model in place of tonnes per how, as there were concerns raised over the consistency 
of protocols for recording tow duration over time. 

The difference the first two alternative models made to the final indices was minimal, with 
each set of indices showing an almost identical pattern of changihg CPUE over time 
(Figwe 3). The effects of applying a different weighting to the model and of including an 
interaction term were similar in that they had a small effect on the indices for the period 
1987-88 to 199C-91, but almost no effect on the indices for all other years. 

The tomes per tow model alternative produced a model with the same four variables as the 
base case model but with Month entering the model before Area. The explanatory power of 
this model was less than that of the base case model with an R' of only 14.7. 

CPUE (Vtow) = Fishing year + Month + Vessel +Area 

Variable R~ 
+ Fishing year 7.2 
+ Month 10.8 
+ Vessel 14.2 
+Area 14.7 



The indices produced from the tomes per tow model were also similar to those from the base 
case model, although slightly less so. The same erratic pattern in the indices is seen for the 
fust few years, but then in I98%90 and 1990-91 the indices from the tomes per tow model 
are lower. The pattern of indices is very similar thereafter. Overall, the indices show the same 

, trend in CFTJE and the tomes per tow model offers no improvement over the base case 
model. 

Figure 3: Annual indices fo; the tomes per hour (base case) model shown alongside tbe indices 
for the three alternative models. The alternative model indices are scaled,to the arithmetic mean 
of the base case indices. 

4. STOCK ASSESSMENT 

4.1 Methods 

This assessment uses the same population model and enhanced stock:reduction method and 
forward projection piocedures (described by Francis et al. 1995) as were used in the previous 
assessment (Francis & Field 2000). The only unknown parameters in the population model are 
the virgin biomass, Bo, and a vector of recruitment deviates (one deviate for each cohort). This 
population model is fined to observations which are series of biomass or mean length estimates, 
where each series may be treated as absolute or relative, and each observation must have a 

, 
specified error distribution. 

The algorithm for fitting the model is as follows. 

1. Choose a trial BQ value, 



Generate a vector, E, of independent recNitment deviates, where each deviate is 
lognormally distributed with mean 1 and standard deviation q. 
Run the population model to calculate the biomass and mean length in each year. 
Calculate the likelihood associated with the parameter vector (B0.c). given the 
observations and their associated error distributions. 
Repeat steps 2-4 with a large number of recruitment deviate vectors. 
Repeat steps 1-5 for each of an equally-spaced sequence of trial BO values, using the 
same set of recruitment deviate vectors for each trial Bo. 
From the resulting set of model runs, select (with replacement) a s h p l e  of size 5000, 
where the probability of selection of a run is proportional to its likelihood This is called 
the importance sample. 
Estimate biomass (or mean length) for any year as the mean of the biomass (or length) 
values calculated at step 3, where the mean is calculated over all runs in the importance 
sample (with each run having equal weight). 

Catchability coefficients (one for each tine series of relative observations) are treated as 
nuisance parameters. That is, at step 4, catchability coeEcients are calculated to maximise the 
likelihood. 

4.2 Model inputs 

The new model inputs (apart from updated catches) are the revised CPUE indices (Table 10) an 
additional mean length (see Table 6) and an acoustic biomass estimate (see Table 5). 

The biological parameters used in the assessment (Table 11) are as used in the previous 
assessment (Francis &Field 2000). 

. , 
Table 11: Biological parameters used in the assessment. -, not estimated 

Parameter 
NaturaI mortality 
Age of recruitment 
Gradual recruitment 
Age at maturity 
Gradual ma'turity 
von Bertalanffy parameters 

Length-weight parameters 

Recruitment variability 
Recruitment steepness 

Male 
- 
- - 
- - 

36.4 cm 
0.070 yr " 
-0.4 yr 

- 
- 
- - 

Both sexes 
0.045 yil 

26 yr 
3 yr 
26 yr 
3 yr - 
- 
- 

,0.0921 
2.71 

, 1.1 
0.75 

The catches us$ were calculated by taking the ORH 2B and ORH 3A catches fiomTable 1 and 
the 2A South catches in Table 2, increasing them by the overmn values in Table 4, and then 
summing by year. In accordance with the Minister's decision (see above) the assumed catch for 
the current year, 2001-02, was 800 t. 

As in previous assessments, the CPUE, trawl survey, and mean length indices were treated as 
relative and assumed to have normal errors. Also, a C.V. of 0.004 was assumed for the mean 
lengths. The acoustic and egg survey biomass estimates were treated as absolute with a 
lognormal distribution and c.v.s as in Table 5. Following Francis et al. (2001). the trawl survey 
c.v.s of Table 5 were inflated by 0.2. 



Assessments were canied out for six alternative sets of assumptions (Table 12). These consider 
the effects of two alternative CPUE c.v.s (0.3 in "Base case", and 0.2 in "CPUE.cv.Z"), the 
dropping of individual data sets ("No lengths", "No CPUE", and "No acous") and the less 
reliable pre-1990 CPUE data ("Short CPUE"). Initially, the "Base case" iun used a CPUE C.V. 

of 0.2, following Francis et al. (2001). M e r  all runs were completed, an examination of BUE 
residuals (see below) showed that a CPUE C.V. of 0.3 (which has been used in previous 
assessments) was more appropriate, so the run with this value was labelled 'Base case". It was 
not deemed worthwhile to redo the runs for the other four assumptions including CPUE indices 
(Table 12) using the higher C.V. 

Table 12: Six alternative assumptions concerning inputs to the stock assessment 

~ssumption CPUE C.V. Mean length CPUE Acoustic 

Base case 0.3 used .used used 

BUE.cv.2 0.2 used used used 
No lengths 0.2 not used used used 
Short CPUE 0.2 used from 1990 only used 
No acous 0.2 used used not used 
No BUE not used used notused t used 

4.3 Model fits 

An examination of the 'hormalised" residuals for runs with CPUE c.v.s of 0.2 and 0.3 
(Figure 4) showed that the latter value is more appropriate. [The normalised residual for year 

y is ( l / o ) l n ( 0 ~ / ~ ~ ) + 0 . 5 o ,  where Oy and Ey are the observation and its expected value, 

0 = dw, and c is the assumed C.V. If the assumed error distribution is correct then 

the nckalised residual will be approximately standard normal] 

From the model fits (Figm 5) it is clear that all biomass indices can be:fitted reasonably well, 
but that there is some conflict between the CF'UE and acoustic indices: In all runs using the 
CPUE indices the biomass trajectory in the last few years lies above these indices and below the 
acoustic index. When the CPUE indices are not used, the biomass traj+tory is much closer to 
the acoustic estimate, and when the acoustic index is not used the trajectory is closer to the 
CPUE indices. This conflict is shown more clearly id Table 13. The 95% confidence interval 
for the 2001 acoustic estimate (far right column) is higher than those for nms using the CPUE 
data. However, there is a reasonable overlap of the confidence intervals 3 the base case. 



Quantiles of standard normal 

F i e  4: Quantile-quautile plots of "nonnalised" CPUE residuals from the base case (CPUE.ev3) 
and CPUE.cv.2 model runs. When the diagonal line 01 = x) passes through the plotted points this 
indicated that the CPUE error assumptions are consistent with the model fit. 

Table 13: Comparison of the acoustic s w e y  estimates of mid-season biomass in 2001 (far right 
column) with those from all model fits. Upper and lower bounds sre 95% confidence limits 

Modclfits Acoustic 
Base case CPUE.cv.2 No lengths Short CPUE No acous No CPUE survey 

Lower bound 7 300 6MX) 6 100 6 100 4200 17700 11 800 
Estimate 11 400 8 500 9 100 9000 6100 34000 26 700 
Upperbound 17 100 11 600 13300 12 700 8700 58500 52 300 

The mean length data are well fitted Figure 6). 

Mean catchabiity estimates (Table 14) show that the model typically estimates the true mean 
lengths in the population to be about 5% (or 1.8 cm) less than the observed values. 

Table 14: Average model estimates of catchabiity. 
Trawl survey 

Assumption CPUE biomass Mean length 
Base case 5.33 x 1@ 0.156 1.05 

CPUE.cv.2 6.04 x lo4 0.170 1.05 
No lengths 6.89 x lo' 0.211 - 
Short CPUE 5.81 x 10' 0.171 1.06 
NO acous 7.00 x 10' 0.198 1.06 
No CPUE - 0.105 1.05 
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Figure 5: Model fits to biomass indices. Solid lines are model estimates, with dotted lines showing f 
2 s.e.s; vertical lines are 95% confidence intern& for indices (divided by estimated catchaWities) 
with plotting symbol C, CPUE; T, trawl biomass; E, egg w e y ;  A, acoustic 
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Figure 6: Model fits to mean length indices. Solid lines are model estimates, with dotted lines 
showing f 2 s.e.s; vertical Lines are 95 % confidence intervals for mean lengths. 
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All assessments indicate that average recruitment during the period of the fishery was lower 
than that which occurred before the fishery started (Figure 7). This is true both for the 
assessments that use mean length data and those that do not. For assessments that use mean 
length data there is a recruitment peak near the age at maturity (in the right-hand shaded 
area), and the peak is higher when either the CPUE or acoustics data &e omitted. The 
assessment without mean length data ("No lengths" assumption) does not show this peak. 

Figure 7: Estimated mean reuuitment (at age 
1) for all cohorts presentlin the year before the 
fishery started, plotted 'against their age at 
that time for selected model runs. The shaded 
vertical strips separate cohorts that were 
already recruited in that year (to the right) 
from those that recruited during the GFhery 
(in the middle) and th& yet to recruit (to the 
left) (the boundaries between these groups of 
cohorts is vague because recruitment is not 
Me-edge). The recruiiment patterns shown 
are averages over many plausible alternative 
patterns 

4.4 Biomass estimates 

AU runs using CPUE indices produce fairly s i i a r  biomass estimates, with BQ near 110 000 t 
and low current biomass (6% to 11% of Bo) (Table 15, figure 8). When no CPUE data are 
used, the estimates are more optimistic: Bo is markedly (30%) higher and current biomass is 
24% Bo. 

Table 15. IWhates of mid-year biomass (t) and probabilities under the four sets of assumptiom of 
Table 10. Bern& is the mid-year biomass in 2001-02; BMsY is calculated as 30% Bo, which is the 
mean biomass under a CAY policy (evaluated following Francis 1992). 

B-, 
A S S U ~ P ~ ~ O I I  Bo@) &~(t) (0 (%Bo) ~ 0 3 2 . 2 ~ 0 )  P(B->BMY) 
Base case 110000 33000 11000 11 , 0.01 0.00 

CPUE.cv.2 103000 31000 8 300 8 
No lengths 122000 37000 11 000 9 
Short CPUE 103000 31000 9 100 9 
No acous 94000 28000 5 900 6 
No CPUE 134000 40000 32000 24 



Vlrgin biomass (000 1) 

I1 
I I  - Base case 
I I . 
I I 

No lengths 
I I 

---- No CPUE 
I I --- No acous 
I I 

Current biimass (%BJ 

Figure 8: Estimated biomass distributions for sdeded model rum 

4.5 Yield estimates 

Estimates of MCY, CAY, and MAY were calculated using the method of Francis (1992). 
CSP (current s q l u s  production) was estimated as the catch for 200203 that is expected to 
make the beginning-of-year biomass in 2003-04 equal to that in 200243. 

The estimated CAY for the current year (2001-02) is between 320 and 650 t for the assessment 
runs using CPUE, but is 2040 t when CPUE is not used (Table 16). 

Table 16: Yield estimates for each of the alternative ~ssu~~~ptiomof Table 12. 

M C Y m  MCY- CAYmpjz CAY- MAY CSP 
Base case 820 1530 650 750 2 010 1520 

CPUE.cv.2 600 1430 470 560 1880 1380 
No lengths 760 1690 600 800 2 230 2 970 
Short CPUE 650 1 430 510 620 1880 1570 
No acous 420 1310 320 410 1730 1 300 
No CPUE 1970 1970 2040 2 200 2 580 2 390 

4.6 Forward projections 

Forward projections were carried out over a 5-year period using alteinative constant-catch 
options of 2100 f 1500 t, 800 f and 0 t 

For each catch option, two measures of fishery performance were calculated. The first one, 
P(B-7 > 20% Bo), is the probability that the biomass at the end of h e  5- yea^ period (mid- 
season biomass in 200647) is greater than 20% Bo (biomass levels below 20% Bo are 
considered risky to the stock). The second, P(Burwa7 > B-), is similar to the fmt, except that 
the reference biomass level is Bmy. 



The projections show that, even'with zero catch, there is only a 49% chance of rebuilding to 
20% BO within 5 years, and a much smaller chance (9%) of rebuilding to Bmy (with the base 
case assumptions) (Table 17). The probabiities are similar for all alternative assumptions that 
use CPUE, but more optimistic when CPUE is not used. 

Table 17. Estimates of fishery performance for the MEC stock with the base ease and various 
alternative assumptions, and four future catch options 

Annual catch (r over 5-vear ~eriod) 
Assumption Performance measure 2100 1500 800 0 
Base case P(BW > 20%Bo) 0.10 0.17 0.29 0.49 

P ( B m  > BMW) 0.03 0.03 0.05 0.09 

No lengths P(B- > 20%B0) 0.21 028' 0.40 0.57 
P(B2msm > B m )  0.06 0.M 0.11 0.17 

Short CPUE P(BW > 2O%Ba) 0.10 0.16 ' 0.25 0.43 
P@w > ~ m )  0.02 0.03 0.05 0.10 

No acous P(Bm > 20%Bo) 0.11 0.12 0.18 0.29 
P(~nmm > B m )  0.02 0.02 0.06 0.12 

5. DISCUSSION 

The base case assessment of this stock indicates that it is currently clearly below 20% Bo. It 
suggests that recent catch levels, and the current catch limit, are unlikely to allow the stock to 
rebuild to this level or to B- within the next five years. Even if no catch were taken fa this 
long, the stock would have only an even chance of rebuilding to 20% Bo and still be very 
unlikely to reach the level of BmY. The current catch limit is about twice the base case estimates . . 

.. . . . . . . , . . . . . . . . - .... . . . . . . . . . 
of safE yields-(MCYUm-0, indaCAY&~)T 

The assessment depends strongly on the CPUE data, which indicate a low stock biomass in 
recent years compared with earlier years and the single acoustic estimate. According to the 
CPUE data, the average catch'rate in the last five years is less than one-eighth of the 
corresponding value a decade earlier. If these data are ignored, then the assessed status of the 
stock is strongly influenced by the acoustic estimate and is more optiqistic (current biomass 
estimate of 24% Bd but less certain. 

Although the CPUE data have been carefully checked and a rigorous and conservative approach 
taken to removing dubious records, some errors will remain. These errors, along with factors 
such as unaccounted variation in CPUE due to influential but unrecorded variables, unknown 
variation in catchability over time and therefore in the true variance of the indices (Francis 
1999), and ignorance regarding the degree to which underlying assumptions of the technique 
have been met, all con~bute  to the uncertainty associated with the CPUE indices used in the 
stock assessment model. 

The absolute biomass estimate derived from the 2001 acoustic survey also has a gteat deal of 
uncertainty associated with it stemming from, for example, the estimate of target strength of 
orange roughy used and its low value compared with associated species, the estimate of 



biomass within the shadow zone of the transducer beam, and target identification problems in 
background areas. Although there is some apparent conflict between the acoustic and CPUE 
indices, this is not so great as to preclude their use together in the assessment. 
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