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EXECUTIVE SUMMARY 

Anderson, O.F. (2003). CPUE analysis and stock assessment of the East Cape hills 
(ORH 2A North) orange roughy fishery for 2003. 

New Zealand Fisheries Assessment Report 2003/24.20 p. 

The ORH 2A Noah management area runs from a line extending noah from Cape Runaway, eastwards 
and southwards around East Cape to an imaginary line at latitude 38' 23' S. This fishery is relatively new 
compared to other orange roughy fisheries, dating from the 1993-94 fishing year, and annual catches 
have ranged between 200 and 3400 t Although this assessment addresses only the East Cape hills area of 
ORH 2A North (south of 37" S), this area accounts for almost all of the historical catch from ORH 2A 
North. The catch limit for ORH2A North was set at 3000 t for 1994-95, was reduced to 2500 t in 
1998-99, and fuaher reduced to 200 t in 2000-01. An assessment was canied out for this stock in 2000. 

Commercial catch and effort data were analysed, and unstandardised and standardised catch per unit 
effort (CPUE) indices were calculated. Standardised BUE indices were calculated using a log-linear 
regression on tow-by-tow data from a subset of core fishing vessels with a history of consistent fishing in 
the area Both sets of indices showed a decline in CPUE over the period examined. According to the 
standardised CPUE indices, the annual catch rate over the last five years was a fifth to a quarter of the 
corresponding value at the beginning of the fishery. 

An age-structured stock assessment model using Bayesian estimation was used to produce estimates 
of virgin and current biomass. The inputs to the model were (apm from annual catches and biological 
parameters) standardised CPUE indices and an absolute biomass estimate from an egg survey. As in 
the 2000 assessment, the model outputs are highly dependent on the CF'UE data and the reliability of 
the indices produced from these data to accurately index abundance. 

Both the base case and alternative assessments of this stock indicate that it is currently at or above 20% 
Bo (and may be more than 30% &) and about 80% of B,, (range: 60% to 120%). The results suggest 
that reductions in recent catch levels and catch limits have allowed the stock to rebuild in the three years 
since the last assessment. The current catch limit is well within the estimates of safe yields (MCY and 
CAY), and this limit should be sustainable and allow the stock to continue to rebuild. 

This document is a final report on work canied out as part of the Ministry of Fisheries project 
ORH2002102. It covers the parts of objective 2 (unstandardised and standardised CPUE analyses) and 
4 (stock assessment) that concern the East Cape stock 



1. INTRODUCTION 

The East Cape (EC) orange roughy stock resides in ORH 2A North (the part of ORH 2A north of 
38' 23' S). The fishery is based on a group of 11 seamounts in an area about 90 km east of East Cape, 
and a separate ridge lying about 40 km north of East Cape. Together these are referred to as the 'Fast 
Cape hills". The EC stock 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) the remainder of which 
is now referred to as the Mid-East Coast W C )  stock These area defintions are important, because 
the CPUE analysis central to this assessment uses data from only the East Cape hills region, and 
ignores data from exploratory f~h ing  in unproductive grounds in the north of ORH 2A North. 

This report updates the previous assessment of this stock in 2000 (Anderson 2000). It incorporates 
catch data, an existing egg survey biomass index, and updated (SPUE indices. 

2. REVIEW OF THE FISHERY 

2.1 TACCs, catches, and catch limits 

Orange roughy have been caught in the northern part of ORH 2A since 1990, but catches were small 
until the discovery of spawning aggregations on the East Cape hius in the 1993-94 fishing year. This 
led to a substantial shift of effort in ORH 2A away from the Ritchie Bank and southern areas, with 
more than half the catch coming from these new hills. Since then an agreement has been in place 
between quota holders and the Minister of Fisheries that ORH 2A be split into two with separate 
catch l i t s  for each area. The catch limit for ORH 2A North was initially set at 3000 t. Uncertainty 
regarding the sustainability of this catch level provoked measures to ease fishing pressure on the main 
hills in the 199697 fishing year. A catch limit for the East Cape hills (the part of ORH 2A North 
south of 37' S) was set at 2500 t with the remaining 500 t of the ORH 2A North catch limit to be 
caught in relatively unexplored areas in the north. This split was retained for the 1997-98 and 1998- 
99 fishing years, but revoked when the catch limit for the ORH 2A North fishery was reduced to 200 
t in 2000-01. Annual catches for ORH 2A North ranged from 3400 t to 1450 t between 1993-94 and 
1998-99, and dropped to 200-300 t in the two fishing years since the catch limit was reduced (Table 
1). Catches in the exploratory area were negligible in each year the split was in effect, with a 
maximum catch of 37 t in 1996-97. Vessels involved in the fishery have been exclusively domestic 
and generally small. About 82% of recorded tows and 72% of total catch since 1993 is attributed to 
vessels with a gross registered tonnage of less than 400 t. Bycatch is minimal in this fishery, 
consisting mostly of cardinalfish (Epigonus telescopus) and smooth oreo (Pseudocym maculnrus). 



Table 1: Total Landings for the East Cape and exploratory areas of the EC stock Total Landing5 data 
fmm Annala et al. (2000) (199S94 to 1998-99) and from data supplied by the Orange Roughy Management 
Company Limited, pro-rated to QMS data for ORH W, for 1999-2000 to 2001-02. Catch limits in 
parentheses. 

Total landings (t) 
Fishing year All EC East Cape hills Exploratory area 

3 437 (none) 
2 921 (3 000) 
3 235 (3 000) 
2 491 (3 000) 
2 411 (3 000) 
1 901 (2 500) 
1 456 (2 500) 

302 (200) 
186 (200) 

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 is an assumed history of catch overmns in ORH 2A due to lost fish and discards, and 
discrepancies in tray weights and conversion factors. Catch overmns have not been explicitly 
estimated for this fishery but are based on estimates made for other orange roughy fisheries (e.g., 
Clark (1991). Francis et al. (1993). and discussions in MFish deepwater working group meetings). 
For this assessment total removals were assumed to exceed reported catches by 10% in 1993-94 and 
by 5% in all subsequent years (Annala et al. 2002). 

3. RESEARCH 

3.1 Stock structure 

Two spawning locations have been identified in ORH 2A, one at the Fast Cape hills in ORH 2A North 
and the other on the Ritchie Bank in ORH 2A South. spawning at these two locations has 
been taken as evidence of stock separation (Anderson 2002). No large concentrations of spawning fish 
have been located in the Wairarapa (ORH 2.B) or Kaikoura (ORH 3A) fisheries, and most fish from 
these QMAS are believed to migrate to the Ritchie Bank to spawn. 

Results h m  allozyme studies show that orange roughy from ORH2A North, ORH2A South, 
Wairarapa, and Kaikowa, cannot be separated, but are distinct fmm fish on the eastern Chatham Rise 
(Smith & Benson 1997). Earlier (unpublished) data suggesting a genetic stock boundary between East 
Cape and Ritchie Bank were not supported by this study. 

Therefore the EC stock is treated as distinct from the MEC stock to the south, primarily due to the 
synchronous timing of spawning in the two areas. 



3.2 Resource surveys 

An egg production survey on the eastern East Cape hills in the winter of 1995 incorporated two 
approaches for estimating abundance, the Daily Fecundity Reduction Method (DFRM) and the 
Annual Egg Production Method (AEPM) (Zeldis et al. 1997). The DFRM was used to produce an 
estimate of absolute biomass of 29 000 t (c.v. 69%) for the East Cape hills spawning population. This 
survey included a random trawl component used to obtain biological parameters, in particular an 
estimate of S, the proportion of spawning femdes to all recruited fish (Clark 1995). 

A short acoustic survey of the eastern East Cape hills was carried out in June 1997 (Doonan & 
Coombs 1998). Acoustic data were collected using both hull-mounted and towed-body systems. Only 
one aggregation was encountered during the survey, accounting for 95% of the orange roughy 
biomass. A range of biomass estimates was calculated with means ranging from 683 to 1960 t with a 
C.V. of about 80%. 

3.3 CPUE 

The first analysis of CPUE for orange roughy in this area (Field 1992). used catch effort data from the 
whole of ORH 2A, but focused on ORH 2A South as the East Cape hills spawning fishery had yet to be 
discovered. The work is relevant, however, as many of the same vessels fished in the two areas and the 
methods used for standardising CPUE were similar to those used here. The first analysis of CPUE done 
separately for ORH 2A NO& (Anderson 2000) used a combimed linearlb'momiai approach and showed a 
steadv decline in CPUE to 25% of the initial level by 1998-99. This analysis was uudated the followine 
year ihderson 2001) using a subset of core vessels with a history ofconsistentfishing in the - 
producing a similar result and a further decline in CPUE for the additional year. 

From the beginning of this fishery, vessel skippers were encouraged to use only TCEF'R (Trawl, Catch, 
Effort and Processing Return) forms to record details of their catch. These forms have the advantage over 
the alternative CELR (Catch, Effort and Landing Returns) forms that they record catch data for each tow 
separately (rather than summarise catch and effort by day) and are therefore more useful for CPUE 
analyses. Since 1993-94 TCEPR records have provided data covering between 77% and 97% of the total 
landings, with CELR type data providing a small and decreasing fraction of the total landings over time 
@able 2). For the following CPUE analyses only the TCEPR data are used. 

Table 2: Vessel-days and estimated catch (t) by data type for the EC stock for the fishing years 1993-94 to 
2001-2002. 

Total Estimated Estimated 
Fishing Vessel estimated Total estimated CELR TCEPR Estimated TCEPR 

days catch as 9% of landings 

'256 3 281 95 
427 3 148 108 
385 3 155 98 
308 2 170 87 
426 1 995 83 
358 1 775 93 
286 1430 94 
71 29 1 97 
5 1 158 85 

catch catch as % of landings 

407 2 874 84 
353 2 795 96 
290 2 865 89 
243 1 927 77 
125 1 870 78 
74 1 701 89 
94 1 336 88 
0 291 97 
0 158 85 



The East Cape hills fishery can be logically split into three subareas, representing three distinct 
geographical areas of the ORH 2A North fishery with distinct fishing histories: MAIN, the main 
spawning hi1 feature due east of East Cape which was first and almost exclusively fished in the fust 
year of the fishery, and fished heavily in every year since; NORTH, the northwest quadrant of the 
fishery containing a distinct hill feature fished consistently since the 1995-96 fishing year; OTHER, 
all other areas, but mostly comprising a series of about 10 seamounts running generally north-south to 
the west of the MAIN hill feature (Figure 1). 

Figure 1: Start positions of tows targeting or catching orange roughy in the East Cape hills fishery between 1 
October 1993 and 30 September 2QO2, showing subarea divisions. 

3.3.1 Unstandardised CPUE 

Total annual estimated catch, effort, and overall catch rates (t per tow and t per h) are given by fishing 
year Ad subarea in Table 3. In the MAIN area, from where most of the catch came in the early years of 
this fishery, catch, effort, and CPUE all declined steadily since the development of the fishery in 
1993-94 to a low in 2000-01. Values of these measures, espe'cially catch rates, increased again in 
2001-02 after a sharp drop in the previous year. Most of the catch from NORTH came h m  the three 
years 1996-97 to 1998-99, and although catches have declined in each of the last four years, catch rates 
have fluctuated, with an increase in the last two years (especially in t per h). In general, annual catches 
in area OTHER have been at a similar level to those in MAIN, and catch rates have been slightly lower. 
In 2000-01 this was not the case, with a much higher catch and catch rate in OTHER than in MAIN, but 
in 2001-02 the situation returned to nonnal with similar catches and a much lower catch rate in OTHER. 
Unstandardised CPUE for all areas shows a general decline between 1993-94 and 2001-02 such that the 
h a 1  index is a quaxter to a fifth of the level of the k t .  The t per tow indices are less erratic (especially 
in the fmt few years) than the t per h indices. A reduction in the catch limit for the last two years has not 



produced an increase in the catch rate for all areas combimed, with the present rate lower than in any 
previous year. 

Table 3: Catch (t), number of tows (n), CPUE (t per tow and t per hour) by year and sub-- of the East 
Cape hi&% 

Fishing 
y e a  MAIN MAIN OTHER 

t Per tper t w  tper tpertF=r 
t n tow h t n tow h t n tow h 

199S942824479 5.9 6.9 0 1 0.0 0.0 50 47 1.1 0.9 
1994-95 1417 610 2.3 2.8 0 2 0.0 0.0 1 378 600 '2.3 2.8 
1995-96 1 617 432 3.7 5.1 166 69 2.4 6.5 1 082 522 2.1 3.3 
1996-97 938 257 3.6 4.7 459 194 2.4 4.8 531 378 1.4 2.3 
1997-98 661 382 1.7 2.3 528 374 1.4 2.4 680 683 1.0 1.3 
1998-99 496 328 1.5 1.4 374 207 1.8 2.2 831 575 1.4 1.9 
1 9 9 9 4  681 323 2.1 2.3 117 118 1.0 1.5 538 308 1.7 2.7 
200001 22 37 0.6 0.7 40 3 0  1.3 2.4 229 121 1.9 2.7 
2001-02 81 55 1.5 1.6 27 15 1.8 4.7 50 93 0.5 1.0 

AU areas 
tpertper 

t n tow h 
2 874 527 5.5 6.2 
2 795 1212 2.3 2.8 
2 865 1023 2.8 4.3 
1927 829 2.3 3.6 
1870 1439 1.3 1.8 
1701 1 110 1.5 1.8 
1336 749 1.8 2.3 

291 188 1.5 2.2 
158 163 1.0 1.5 

Although fishing has been spread over all months in most years in this fishery, there has been a 
distinct seasonal pattern in catches and catch rates, particularly in the early years of the fishery. Two 
sets of unstandardised indices were calculated, one based on all records and another on records just 
from the spawning period (MayJJunelJuly) when catches and catch rates were initially much greater 
than at other times of the year (Figure 2). The indices for the spawning period are consistently greater 
than the corresponding all months indices up until 2000-01, although the spawning period indices are 
far more erratic. A sharp decline in catch per tow between 1993-94 and 1994-95 is evident bom both 
sets of indices. A recovery in the following year is also common to both sets of indices, with both the 
decline and the recovery greatest for the spawning months Both sets of indices show an overall 
decline in CPUE over the period of the fishery, but neither shows a strongly uniform decline. The two 
index trajectories tend to converge over time, with catch rates in the winter months of 2 W 1  and 
2001-02 no longer any different from those at other times of the year. 

o = all months 
x = MayIJunelJuly 

6 X 

BI,BI 
0 

93-94 95-96 97-98 99-00 01-02 
Fishing year 

Figure 2: Unstandardised CPUE indim (t per tow) by year for all montbs and for the MayIJundJW period 
only. 



3.3.2 Standardised CPUE 

A standardised CPUE analysis was carried out using GLMs (Generalised Linear Models, McCullagh 
& Nelder 1989) and the stepwise multiple regression technique and combined normallbinomial model 
approach described by Vignaux (1994) and used in the past for this stock by Anderson ( 2 W ,  2001). 
The normal model predicts the logarithm of catch rates, using a normal error distribution and the 
identity link function, and the binomial model predicts the probability of a non-zero catch of orange 
roughy, using a binomial error and a logit link function. There has been a consistent fraction of tows 
in each year that have recorded no catch of orange roughy (Table 4). and a binomial model is one 
method of making use of these records in forming a set of CPUE indices. 

The use of CPUE indices as an index of abundance 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 against CPUE factors that 
provide information on changes in the structure of the fishery, such as timing, location, and the 
vessels operating, the variation attributed to them can be removed and any remaining variability in 
CPUE over time can be measured independently and assumed to be caused by changes in abundance 

The criterion used for determining which predictor variable to add to the model at each stage was the 
maximum decrease in the Akaike Information Criterion (AIC), which takes into account the degrees 
of freedom associated with the variables. In addition, an increase in the percentage deviance 
explained was required to be more than 0.5% for a variable to be included in the model. 

Table 4. Number of refords and number and percentage of records with zero orange roughy catch for 
each year used in the CPUE analyses 

Fishing year 
1993-94 
1994-95 
1995-96 
199697 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

Number of 
records 

41 1 
946 
909 
704 

1 328 
996 
639 
162 
145 

Number of 
records with 

zero catch 
85 

130 
127 
104 
166 
130 
83 
15 
19 

% of records 
with zero catch 

21 
14 
14 
15 
12 
13 
13 
9 

13 

To avoid model overlining, only data fromvessels which had operated in the fishery in three or more of 
the nine fishing years examined and had made at least 50 tows, or vessels which had operated in the 
fishery in only two years but had made more than 100 tows, were used in the model. This reduced the 
number of vessels from 38 to 18, while retaining 86% of the catch and 88% of the tows, and provided 
a dataset free from the influence of vessels with little experience which are likely to have a more 
erratic catch history. This left a total of 5981 records available for the standardised analyses. There is 
good continuity and overlap of vessel data in this fishery, with one vessel having fished in every year, 
and two vessels having fished in all but the fust year. Of the 14 vessels operating in the fust two 
years of the fishery, 5 retumed data for the last two years (Table 5). 



Table 5: Number of tows by vessel and fshing year wed in the standardwd analysis 

Fishing year 
Vesselcode 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02 

The response variable in the normal model was the logarithm of tomes per tow and in the binomial 
model a vector of '0's (denoting records with no catch of orange roughy, referred to as "zero" tows) 
and '1's (for %on-zero" tows). The set of predictor variables shown in Table 6 was tested in each 
model. AlI interactions between pairs of selected variables in the normal model were also tested. 
Only main effects were considered in the binomial model after trials showed that the binomial model 
indices had little influence on the f d  &dices, and additional model complexity was not justified. 
Catch per tow was chosen for the response variable in the normal model rather than the other possible 
candidates, catch per distance towed or catch per hour. Being a hill-based fishery, tow lengths have 
been generally short, and targeting aggregations of fish, so the length or duration of a tow was 
considered unlikely to have a strong influence on the size of the catch. For the regression to be 
meaningful, the values of the dependent variable should be approximately normally distributed, and 
therefore a log transformation was made on catch per tow. 

For the normal model regressions, zero tows were ignored. If retained, these records would distort the 
distribution of values of CPUE, giving them a n o n - n d  spread. By considering the non-zero tows 
separately this can be avoided. All records were used in the binomial model. The binomial model will 
have more influence on the final indices when the proportion of zero tows is high and shows a trend over 
time.'When there is no strong trend and zero tows are mkquent, the model tends to have less influence, 
adjusting the indices calculated from the normal model only slightly. 



Table 6: Summary of independent variables tested, number of categories in parentheses 

Variable Type Description 

Year 
Vessel 
Month 
Season 
Area 
Longitude 
Latitude 
Depth 
Deptb2 
Distance 
Speed 
Vessel tonnage 
Vessel power 

categorical (9) 
categorical (18) 
categorical (12) 
categorical (2) 
categorical (3) 
continuous 
continuous 
continuous (polynomial) 
categorical (2) 
continuous (polynomial) 
continuous (polynomial) 
continuous (polynomial) 
continuous (polynomial) 

fishing year 
vessel identification no. 
month in which tow occurred 
spawning or non-spawning season 
area in which tow occurred (see Figure 1) 
decimal longitude at start of tow 
decimal latitude at end of tow 
depth (m) of groundrope at start of tow 
deep (2 860 m) or shallow (c 860 m) 
distance (n.mile) of tow 
speed (knots) of vessel at start of tow 
gross tonnage of vessel 
vessel power (kW) 

The initial regression using the n o d  model produced a fit that .described CPUE using the terms 
year, month, vessel, and an interacton between month and vessel. Although this interaction 
signif~cantly increased the explanatory power of the model, this was done at the expense of 
complexity with a large number of additional terms, and a close look at the spread of data over 
months for each vessel showed that many of these terms were based on very few records: For these 
reasons this interaction term was rejected, but to explore this monthly variation in CPUE across 
vessels further an additional variable, "season", was created. This variable had two categories: 
spawning, all records in May, June, and July; and non-spawning, records from all other months. This 
was tested in the regression in place of month, producing a model with the variables year, vessel. 
season, and an interaction between vessel and season. This interaction comprised far fewer terms 
than produced by a vessel*month interaction, but produced a set of indices almost identical to that 
from a far simpler model incorporating only three terms; year, month, and vessel (Table 7). 

Table 7: Final model Ets for the normal model regression in the step- order determined by A I C  

Percentage 
Degrees of Residual deviance 

Predictor freedom Deviance deviance explained 

Year 8 707.5 20 031.4 3.4 
Month 11 1409.4 18622.0 10.2 
Vessel 17 802.9 17 819.1 14.1 
(Area) 2 55.2 17 763.8 14.3 
@epU 3 36.3 17 727.5 14.5 

Additional 
% deviance 

explained AIC 

3.4 7 090.9 
6.80 6 720.3 
3.87 6 517.2 
0.27 6 504.5 
0.18 6 499.5 

The binomial regression produced a model with four terms: year, vessel, month, and depth (Table 8). 
The total percentage deviance explained by this model is small, 7.6%. indicating that the available 
variables do not have much influence on the probability of a non-zero catch, and that either the 
relevant factors are not available to the model or that there is a significant random element involved. 



Table 8: Final model fits for the binomial regression in the stepwise order determined by AIC 

Degrees of 
Predictor freedom Deviance 
Year 8 21.1 
Vessel 17 259.2 
Month 11 65.1 
Depth 3 33.8 
(Duration) 3 29.7 
(Speed) 3 19.8 

Percentage 
Residual deviance 
deviance explained 
5 000.7 0.42 
4 979.6 5.60 
4 720.4 6.91 
4 655.3 7.58 
4621.5 8.18 
4 591.8 8.57 

Additional 
46 deviance 

explained AIC 
0.42 4 997.6 
5.18 4772.4 
1.30 4729.3 
0.68 47015 
0.49 4 677.8 
0.40 4 664.0 

Predicted CPUE for each of the selected model variables in both the normal and models is 
shown in Figure 3. The scales on the y-axis represent the predicted catch rate (for the normal model) or 
the predicted probabiity of a non-zero catch (for the bimomial model). The model predicts that the 
highest catch rates will be in May to July, with a strong peak in June, and the lowest catch rate 
immediately after the spawning period. Catch rates show little paaem outside these months. There is a 
wide variation in average catch rates between vessels from 0.25 t per tow (vessel j) to 1.25 t per tow 
(vessel d). The probability of a non-zero catch shows little variation between months, but an increasing 
trend between March and June followed by a fall to a low in August corresponding to the month with the 
lowest predicted catch rate. The variabiity in the probability of a non-zero catch is greater between 
vessels than between months, ranging from 0.66 (vessel i) to 0.99 (vessel g). An insight into the variation 
in fishing strategy can be seen from the predictions for vessel i. This vessel has the lowest probabiity of 
any vessel of achieving a non-zero catch, yet has the second highest catch rate of any vessel for the tows 
in which it did. The probability of a non-zero tow increases with depth to a maximum at about 900 m. 
The right hand tail of this plot shows a subsequent increase in the likelihood of a non-zero catch at 
depths greater than 1200 m, but this is likely to be the result of a combiition of a lack of data for these 
deeper tows and the fitting requirements of the polynomial function. 

The annual catch rate shows a steady decline between 1993-94 and 1997-98, followed by a levelling 
off in the last four years. The probability of a non-zero catch shows very little change over the period 
of the fishery, although it is of interest that the highest value was in the first year and the lowest value 
in the most recent year, indicating that the biiomial model will contribute little to the overall time 
series of year effects. 



93-94 95% 97-98 9400 0102 
Fishing year 
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Figure 3: Model predictions. Catch rates (left panel, t per tow) from the normal model by fishing year, 
month, and vessel. Non-zero catch probabilities (right panel) from the binomial model for the same 
predictors plus depth. Predictions are based on mean weighted coefiient values for each model variable. 



The normal probabiiity plot of the residuals from the normal model (Figure 4) shows that the e m  are 
close to normally distributed over most of their range. The depamue of the data points below the fitted 
line for large residuals indicates that there was a lower frequency of e x k m  observations than pred~cted 
by the model. 

Quantiles of standard normal 

Figure 4: Normal probability plot from the normal model (accepted predictors only). 

Annual CPUE indices were calculated from both the normal and binomial models, and scaled to the 
index from the base-year (1993-94). A combined index was calculated by simple multiplication of 
these two sets of indices (Table 9). The binomial model clearly has little influence on the final values 
of the indices with a difference of 0.01 or less between the corresponding normal and combimed 
indices. The fust seven indices from these two sets also match very closely those from the previous 
analysis (Anderson 2001). This is not surprising considering that this analysis considers only 307 
additional records for the extra twq years (an increase of 5%). and the normal model used the same 
set of predictors in each analysis. Because of the limited value of the binomial model, which 
indicated little change or pattern over time in the probability of a non-zero catch, and which 
complicates the calculation of variance for the indices, the indices from the normal model alone were 
accepted as the best measure of relative abundance for use in a stock assessment. 



Table 9: Year indices from the normal, binomial, and combined models, scaied to the base-year (1993-94), 
and the indices from the previous analysis (Anderson 2001). Combined indexllormal index*binomial index. 

Fishing year 

1993-94 
1994-95 
1995-96 
199647 
1997-98 
1998-99 
199940 
2 m 1  
2001-02 

N o d  
model 
index 

1.00 
0.69 
0.60 
0.41 
0.25 
0.25 
0.22 
0.21 
0.22 

Binomial Combined 
model model 
index index 

1.00 1.00 
1.00 0.69 
0.99 0.59 
0.97 0.40 
0.98 0.24 
0.96 0.24 
0.99 0.21 
0.97 0.20 
0.92 0.21 

Index from 
previous 
analysis 

1.00 
0.69 
0.60 
0.40 
0.24 
0.23 
0.21 

- 
- 

The indices show a rapid decline in value in the four years from 1993-94 to 1997-98, suggesting a 
drop in abundance of almost 80% during that time Figure 5). In contrast, over the next four years the 
index remains relatively constant at 21-25% of the 1993-94 level. The unstandardised indices show a 
more erratic pattern, with a much greater drop in the fust year and fluctuating levels subsequently. 
Overall. however. the same trend is evident with a decline over time to a similar level to that of the 
itandardised index in the final year. 

I 

F i r e  5: Unstandardised CPUE indices and standardised annual CPUE indices from the n o d  model 
The indices are presented in the canonical form (Francis 1999), in which the indices are divided by their 
geometric mean and therefore have no reference year. The unstandardii indices are scaled so that their 
mean is equal to the mean of the standardised indices. 



4. STOCK ASSESSMENT 

4.1 Methods 

A stock assessment analysis was carried out using the stock assessment program CASAL (Bull et al. 
2002) to recreate the history of the stock with an age structured model and to estimate virgin and 
current biomass. The model assurpptions and procedure are summarised as follows. 

The model was fitted using Bayesian estimation and partitioned the EC stock population by 
sex, maturity (the fishery was assumed to act on mature fish only), and age (age-groups used 
were 1-70, with a plus group). 
The model estimated virgin biomass, Bo, and the process error for the CPUE indices. 
Catchability, q, was treated as a nuisance parameter by the model. 
The stock was considered to reside in a single area and have a single maturation episode 
modelled by a logistic producing ogive (Bull et al. 2002) in which 50% of fish of both sexes 
were mature at age 26 and 95% at age 29. 
The catch equation used was the instantaneous mortality equation described by Bull et al. 
(2002). whereby half the natural mortality was applied, followed by half the fishing 
mortality, then the remaining natural mortality. 
The size at age model used was the von Bertalanffy. 
No stock recruitment relationship was assumed. 
The Bayesian estimation procedure included a penalty function in order to discourage the 
model from allowing the stock biomass to drop below a level at which the historical catch 
could not have been taken. 
Lognormal errors, with known (sampling error) c.v.~ were assumed for the CPUE and egg 
survey indices. Additional, process error, variance was estimated by the model and added to 
the c.v.s from the CPUE indices. 
Confidence intervals were calculated from the posterior profile distribution of Bo estimates, 
where the process error parameter was fixed at the value previously estimated. 

4.2 Model inputs 

The model inputs included updated catches and revised CPUE indices pable 10). Two assessments 
were produced, one (the basecase model) using CPUE as the only index of abundance and the other 
(alternative model) using an estimate of abundance from the 1995 egg survey in addition to the CPUE 
indices. 

Table 10: Standardid CPUE and egg survey indices and their cvs, and catches (including overruns, see 
sectio,n 2.3) as used in the stock reduction analysis for the EC stock. -, no data. 

Fishing Year 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

CPUE 
1.00 
0.69 
0.60 
0.41 
0.25 
0.25 
0.22 
0.21 
0.22 



The biological parameters used in the assessment (Table 11) are unchanged from the previous 
assessment (Anderson 2000). 

Table 11: Biological parameters wed in the assessment (from Annala et al. 2002). -, not estimated. 

Parameter Symbol Male Female Both sexes 
Natwal mortality M - - 0.045 
Age at maturity Am - - 26 
Age of recruitment A, - - 26 

von Bertalanffy parameters k 0.070 yr-' 0.061 yil - 
to -0.4 yr -0.6 yr - 
L, 36.4 cm 38.0 cm - 

'Length-weight parameters a - - 0.0921 
b - - 2.71 

Rdtment  variability OR - - 1.1 
Recruitment steepness - - 0.75 

4.3 Model fits 

Annual estimates of spawning stock biomass (mid-year) were produced for each year of the fishery, 
for both the base-case and alternative models. The virgin biomass (Bo) and the current biomass 
(B-, mid-year 2002-03 assuming a catch for the year of the catch limit + 5% = 210 t) were also 
estimated. Confidence intervals (95%) on the annual estimates were produced from posterior 
profiling of Bo. Agreement between annual estimates of biomass and the CPUE estimates was tested 
by scaling the indices by q (catchabiity) and plotting them on the same scale (Figure.6). There was a 
general agreement between the CPUE indices and the biomass trajectory for both cases. The 
alternative assessment, which includes the egg survey point estimate of biomass, shows a very similar 
picture to the base case assessment. Although this point estimate is well above the fitted biomass 
trajectory, the large e m  associated with it prevents it from having much influence in the overall fit. 

s q ~ $ @ G $ ~ ~ $ 8  
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F i i  6: Midyear biomass trajectories for the Fast Cape orange roughy stock from the CASAL age- 
structured modeL 95% confidence intervals are shown for each of the CPUE indices and for the biomass 
estimates (grey dashed lines). 



4.4 Biomass estimates 

All estimates of B,,, are at a level of 20%B0 or greater and the best estimate, from the base case, is 
24% (Table 12). The inclusion of the @i t  estimate of biomass from the egg survey makes little 
difference to estimates of Bo, B,,, or B-. B- is estimated to be about 80% of B,, (range: 60% 
to 120%). 

Table 12: Estimates (in tonnes) of virgin biomass (Bo) calculated as the median of the posterior 
distribution from the Bayesian analysis, B, (=Bw), and Bcm, for the East Cape orange mu& stock 
(95 % coniidence intervals in parentheses). 

Assessment Index 

Basecase CPUE 21 100 (19 650-23 350) 6 350 5 100 24.4 (20-32) 
Alternative CPUE +Egg survey 21 200 (19 700-23 550) 6 380 5 200 24.7 (20-33) 

4.5 Yield estimates 

Estimates of Maximum Constant Yield (MCY) and Current Annual Yield (CAY) were calculated by 
CASAL from large numbers of simulation rum using input from posterior profile sampling and series 
of trial harvest rates (Table 13). Maximum Average Yield (MAY, the man catch with a CAY 
harvesting strategy) and CuITent Surplus Production (CSP) are also presented. CSP is driven by 
recruitment of fish spawned before the fishery began. 

Table 13: Estbnates of MCY, CAY, MAY, and CSP for the East Cape orange mughy st& 

Base case 
Alternative 

5. DISCUSSION 

The orange roughy fishery on the East Cape hills developed rapidly, with the highest total catch coming 
from the year it was first fished, and a l l  the major grounds in the area being fully exploited by the third 
year. Although annual catches remained steady through the mid 1990s it became clear that the fishery 
was going through a rapid 'ftshing down' phase typical of new orange roughy fisheries. The fishery has 
followed a typical &gression since this phase also, with the catch limit being reduced considerably 
after the first assessment indicated that yields from the fishery were unsustainable. This assessment 
indicates that the fishery has now matured to the stage where it is beginning to recover, and, with a 
levelling off of B U E  levels and small increases in estimated stock biomass in the last two years, the 
outlook for the fishery may be viewed more positively than at the time of the previous assessment 

Both the base case and alternative assessments of this stock indicate that it is currently at or above 20% 
Bo, and may be more than 30% Bo. However, both estimates of B- suggest that the present stock size 
is at least 1000 t less than Bw There is very little difference between the two alternative assessments, 
even though the point estimate of biomass from the 1995 egg survey is far greater than the model 
estimate for that year, because of the great unceaainty associated with the estimate from that survey. 
The results suggest that reductions in recent catch levels and catch limits have allowed the stock to 
rebuild in the three years since the last assessmut. The previous estimate of B- (the mid-year 
biomass in 1999-2000) was between 50% and 65% of the current estimate (mid-year 2002-2003). 
suggesting an increase in stock size of 2000-2500 t. This increase is partly artificial, however, as the 



current assessment produced a slightly higher estimate of Bo than the previous assessment, due to a 
combination of the adjustments in the catch history and the different model specification. The current 
catch limit is well within the estimates of safe yields (MCY and CAY) and this limit should be 
sustainable and allow the stock to continue to rebuild. 

The assessment is highly dependent on CPUE data to provide a t- series of abundance over the period 
of the fishery. There is a degree of uncertainty in the indices, which is difficult to measure. This 
uncertainty stems from a number of sources including the unknown variation in catchab'ity over time, 
the low fraction of variability in the CPUE data accounted for by the regression model, and the degree 
to which the underlying assumptions of the technique have been met. According to the CPUE data, the 
annual catch rate over the last five years is a fifth to a quarter of the corresponding value at the 
beginning of the fishery. The only other index of abundance, the absolute estimate from the 1995 egg 
survey, has such a high C.V. associated with it that it has very little influence on the model outputs. All 
yield estimates from the model are the same whether or not this index is incorporated in the model. 
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