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1 EXECUTIVE SUMMARY 

The area covered by this assessment includes the major Chatham Rise spawning ground for orange 
roughy (the Spawning Box, north of the Chatham Islands) together with the eastern end of the Rise. 
During the 1980s, catches from this area averaged 22 000 t per year, which was 66% (on average) 
of the total ORH 3B catch. In the early 1990s a series of TACC cuts and area catch limits 
(including a three-year closure of the Spawning Box) reduced both the northeast Rise catch and its 
contribution to the ORH 3B total. In recent years catches have averaged 4000 t and the share of the 
ORH 3B total has risen to 47%. What was originally a winter fishery on relatively flat bottom is 
now spread more evenly through the year and contains a substantial component of hill fishing. 

The main inputs to this assessment (apart from catch data and biological parameters) are from a 
series of nine stratified random trawl surveys, and one acoustic survey, in the Spawning Box. The 
assessment must be considered as preliminary because the acoustic data have not yet been 
scrutinised by the Deepwater Working Group and results were not available from another acoustic 
survey that was carried out at approximately the same time (winter 1998) and place. 

The best assessment of this stock (using the acoustic data) indicates that it is currently at about 50% 
of BMsy , the biomass that will sustain the MSY. (BMSY is here interpreted as the mean biomass 
under a CAY policy, which is 30% of go). There is some uncertainty associated with the proportion 
of spawners that were covered by the acoustic survey, but the assessment is relatively insensitive to 
this. Recent catches are higher than both MCY and CAY but lower than current surplus production 
(CSP). 

The acoustic data are consistent with, but slightly more pessimistic than, the trawl survey data. 
Thus, if the acoustic data are ignored the assessment is more optimistic, but the current biomass is 
still less than (70-90% of) BMsY . With this assumption, recent catches are lower than MCY and 
CAY, and are about half of CSP. 

There is clear evidence that the biomass declined rapidly during the 1980s but is no longer doing so. 
However, there is great uncertainty about whether it is currently stable, slowly declining, or slowly 
rebuilding. The modelling suggests that it is most likely (with a probability of 0.72) to have been 
rebuilding slowly since about 1994-95 (at a rate of about 1.2% Bo per year) but this result is based 
on an indirect inference, rather than direct observations. What little there is in the way of direct 
observation (not used in the modelling) is insufficiently precise to distinguish between a slow 
decline and a slow rebuild. 

This document is a final report on work camed out as part of Objective 5 of Ministry of Fisheries 
project ORH9802. 



2 INTRODUCTION 

The northeast Chatham Rise lies within Quota Management Area ORH 3B. For assessment 
purposes it comprises the area known as the Spawning Box (the north Rise between 177" 30' W and 
175" W) and the eastern end of the Rise, adjacent to the Spawning Box and extending to just 

I 

beyond the seamount known as the Andes Figure 1). 

This is the second assessment of the northeast Chatham Rise stock. The first was in 1997 (Annala A 

& Sullivan 1997). Assessments before 1997 treated the whole Chatham Rise as a single stock. 

The work described here was carried out as part of Objective 5 of Ministry of Fisheries project 
ORH9802: To update the stock assessment of the East Cape hills area of ORH 2A (2A North), the 
Chatham Rise part of ORH 3B, and the ORH 7A fishery, including estimating biomass and 
sustainable yields. 

2.1 Description of the fishery 

Orange roughy (Hoplostethus atlanticus) are found in waters deeper than 750 m throughout ON3 
3B. The fishery in this area started in 1978-79 in the Spawning Box. Until 1982, most of the catch 
was taken from areas of relatively flat bottom between mid June and mid August, when the fish 
form large aggregations for spawning. The fishery gradually spread to other parts of the Rise and, 
since 1989-90, to an increasing number of locations on the Southern Plateau. It also became more 
evenly spread throughout the year. Outside of the Spawning Box most fishing occurs on pinnacles. 

Smiths City 

Bia Chief 

Figure 1: The eastern Chatham Rise with the approximate 1000 m contour line, the boundaries of the Spawning Box (dotted 
line) and northeast Rise (solid line), and the location of three major hill complexes. 



The development of the northeast Rise fishery between 1978-79 and 1993-94 was described in 
detail by Coburn & Doonan (1994, 1997). Initially, most fishing was on pre-spawning 
concentrations in the Spawning Box. Gradually a pattern developed in which the fishing period 
extended later as the fleet followed the post-spawning migration (at about 10 km per day) to the 
east and then south. In the early 1990s there was a switch from fishing flat bottom during winter 
spawning to year round on hills. This was partly caused by the closure of the Spawning Box in 
1992-93 (see Section 3.1). The nature of the fleet also changed as foreign charter ships were 
replaced by domestic vessels. Since 1990-91 most of the catch from the east Rise has come from 
two hill complexes: Smiths City and Andes (see below). 

2.2 Literature review 

There is a large and growing literature on orange roughy. Earlier literature relevant to this 
assessment was reviewed by Francis et al. (1995), who also described the stock assessment 
technique. More recent publications are briefly described here. 

Many papers describe the analysis of biological data or the estimation of various biological 
parameters. Francis (1995) commented on radiometric age determination; Francis & Smith (1995) 
discussed potential indicators of biomass depletion; Francis (1996) analysed sex ratios and catch 
rates in the Spawning Box; Francis & Horn (1997) established the relationship between the otolith 
transition zone and the onset of maturity; Francis & Clark (1998) described inferred spawning 
migrations; Anderson et al. (1998) summarised recent biological data from research voyages and 
observers; Annala et al. (1998, p. 223) presented updated biological parameters; and Horn et al. 
(1998) described between-area differences in age and length at first maturity. 

Another very active area of orange roughy research is acoustic techniques, both here and in 
Australia. In New Zealand, Cordue (1996a, 1996b) discussed acoustic mark nomenclature and the 
feasibility of surveys on hills; McClatchie et al. (1999 and unpublished results) analysed orange 
roughy target strength; McClatchie et al. (in press) discussed target identification; Grimes 
(unpublished results) presented target strength estimates for by-catch species; and Doonan et al. 
(1999) described and analysed the acoustic survey whose results are used below. In Australia, 
Kloser et al. (1994, 1997) discussed orange roughy target strength; Kloser (1996) described the 
advantages of using a deep-towed transducer; and Kloser et al. (1996) described an acoustic survey. 

Chatham Rise trawl surveys were described by Anderson & Fenaughty (1996), Tracey & Fenaughty 
(1997), and Tracey et al. (1997), Clark (1996) wrote more generally on techniques for measuring 
orange roughy stock size, and the recent history of the northeast Rise fishery was analysed by 
Coburn & Doonan (1997). 

Various genetic techniques were used to analyse orange roughy stock structure both within the 
Chatharn Rise (Smith & Benson 1997), and between this and other areas (Baker et al. 1995, Smith 
et al. 1996, 1997). 



3 REVIEW OF THE FISHERY 

3.1 TACCs, catches, and catch limits 

Catches for the whole of ORH 3B averaged just over 30 000 t throughout the 1980s and then 
dropped in the first half of the 1990s following a series of TACC reductions (Table 1). 

Table 1: Annual reported catches and TACCs of orange roughy from ORH 3B. (Catches up to and including 1985-86 are 1 

from Robertson & Mace (1988); for subsequent years they are from Fisheries Statistics Unit and Quota Monitoring System 
data) 

Fishing year 
1979-80t 
1980-81t 
1981-82t 
1982-83* 
1983-84* 
1984-85$ 
1985-864 
198&87$ 
1987-88$ 
1988-89$ 
1989-90$ 
1990-91$ 
1991-923 
1992-93$ 
1993-944 
1994-95$ 
1995-964 
1996-97$ 
1997-98$ 

Reported catch (t) 
11 800 
31 100 
28 200 
32 605 
32 535 
29 340 
30 075 
30 689 
24 214 
32 785 
31 669 
21 521 
23 269 
20 048 
16 960 
11 891 
12 501 
9 259 
9 670 

TAC (t) 
- 
- 

23 000 
23 000 
30 000 
30 000 
29 865 
38 065 
38 065 
38 300 
32 787 
23 787 
23 787 
21 300 
21 300 
14 000 
12 700 
12 700 
12 700 

t Catches for 1979-80 to 1981-82 are for a April-March fishing year. 
* Catches for 1982-83 and 1983-84 are 15 month totals to accommodate the change over from an April-March fishing year to an 

October-September fishing year. The TAC for the interim season, March to September 1983, was 16 125 t. 
$ Catches from 1984-85 onwards are for a October-September fishing year. 

The northeast Rise has contributed a high percentage of the total catch for ORH 3B. Up until 
1992-93, when the Spawning Box was closed to fishing, this contribution averaged 66%. It 
dropped to 23% in that year but has since risen gradually to 47% in 1997-98 (Table 2). 



Table 2: Catches for the northeast Chatham Rise and the two areas which together make it up. They are given in tomes (to 
the nearest 100 t) and by percentage (to the nearest percent) of the total ORH 3B catch. All years are from 1 October- 
30 September 

Year S~awning Box 
t % 

11 500 98 
27 900 90 
16000 57 
16600 67 
54 600 30 
15000 61 
18400 63 
17000 56 
20200 66 
13 500 56 
16700 51 
16200 51 
16 100 28 
1 000 4 

100 0 
0 0 

500 5 
1 600 13 
1 700 19 
2400 25 

Since 1991-92, the distribution of the catch within ORH 3B has been affected by a series of catch- 
limit agreements between industry and the Minister of Fisheries (Table 3). Initially, the agreement 
was that at least 5000 t be caught south of 46" S. Between 1991-92 and 1996-97, the catch limits, 
and areas to which they apply, have changed from year to year. Within the Chatham Rise, catches 
have generally been about the same as the agreed catch limits. 

Table 3: Catch limits (t) by subarea within ORH 3B, as agreed between the industry and Minister of Fisheries since 1992-93. 
These limits have not changed since 1996-97. In areas where the catch limit was substantially undercaught, the catch is given 
in parentheses, as a percentage of the catch limit. (* included in East Rise) 
Area 1992-93 1993-94 1994-95 1995-96 1996-97 
Northwest Rise 3 500 3 500 2 500 2 250 2 250 
East Rise 4 500 4 500 3 500 1 
Spawning box 0 0 0 1 4 950 4 950 
South Rise 6 000 6 000 1 2 000 1 
Waitaki 300 (17) 300 (o)J J 
Puysew 5 000 5 000 (54) 2 000 (75) 1 000 500 
Exploratory area south of 46" S 2 000 (40) 2 000 (45) 1000 1 4 500 5000 - 

Arrow Plateau 
t * - - 3 000 (27)) 

Total (= TACC) 21 300 21 300 14 000 12 700 12 700 



A = Andes 
S = Smiths City 
0 = Other 

199; -92 i99h-94 199k-96 I 99i-98 
Fishing year 

Since their discovery in the early 1990s, two 
hill complexes (Smiths City, including near 
neighbours, and Andes) have consistently 
contributed about 75% of east Rise catches' 
(Figure 2). Catch rates on these complexest 
dropped rapidly initially; since 1995 they have: 
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shown no clear trend. There is a similar lack: 
of trend in the rest of the east Rise (Figure 2)., ; 

and also in the Spawning Box since this areal 
was reopened for fishing (catch rates for the: 
last four years were 4.2, 9.7, 6.9, and 8.1 t per 
tow). 

Figure 2: Catch rate trends (unstandardised) for two 
important hill complexes on the east Rise (solid lines) and 
their combined contribution to the total east Rise catch 
(dotted line). Also shown are catch rates for all other 
areas in the east Rise. 

3.2 Recreational and Maori customary fisheries 

No non-commercial or Maori customary fisheries for orange roughy are known in this area. 

3.3 Other sources of mortality 

There has been a history of catch overruns on the Chatham Rise because of lost fish and discards, and 
discrepancies in tray weights and conversion factors. In this assessment total removals from each part 
of the Chatham Rise were assumed to exceed reported catches by the overrun percentages in Table 4. 

Table 4: Catch overruns (%) by fishing year. 
Year 1978-79 1979-80 1 9 8 M 1  1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 
Overrun 30 30 30 30 30 30 30 28 26 24 

Year 1988-89 1989-90 1990-91 1991-92 1992-93 1993-94 1994-95 & subsequently 
Overrun 22 20 15 10 10 10 5 



4 RESEARCH 

4.1 Stock structure 

Up to and including 1996, orange roughy on the Chatharn Rise were assessed as a single stock. 
Since then it has been divided into three substocks: northeast, northwest, and south (for boundaries 
of the last two see figure 1 of Francis et al. 1995). 

There is evidence that orange roughy on the Chatham Rise are genetically distinct from those in 
other areas (Annala et al. 1998). However, stock boundaries within the Chatham Rise are uncertain 
(Francis et al. 1995). There is some evidence of stock separation between the northeast and 
northwest. However, there may be more than one spawning stock in the northeast and there is no 
clear boundary between this area and the south Chatham Rise. 

4.2 Resource surveys 

There have been many orange roughy surveys of various types on the northeast Rise (see table 10 of 
Francis et al. 1995). Of relevance to this assessment are a series of nine stratified random trawl 
surveys of the Spawning Box carried out between 1984 and 1994 (Table 5), and two acoustic 
surveys of the same area in 1998. 

The biomass indices given in Table 5 dlffer from those used in earlier assessments (see table 8, p. 
240 in Annala et al. 1998) because all of the trawl survey data have been reanalysed using revised 
stratum areas and gear width (Clark et al. unpublished results). In relative tenns, the revised 
indices dffer only slightly from the previous values (Figure 3). The estimates of mean length from 
the trawl surveys (Table 5, right column) are unchanged. 

Table 5: Estimates of relative biomass ('000 t), with their c.v.s (%), and mean length (cm) from stratified random trawl 
surveys in the Spawning Box. The last line of the table shows the effect on the biomass index of omitting one station (station 
399) with a very high catch rate (Section 5.2 explains how this additional estimate is used). '-', not estimated 

Year 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1992 
1994 
1994 (no sm 399) 

Biomass index 
130 
11 1 
77 
60 
73 
54 
34 
22 
61 
2 1 

C.V. 

17 
15 
16 
15 
25 
18 
19 
34 
67 
44 

Mean length 
34.72 
34.78 
34.65 
35.27 
34.59 
34.84 
34.35 
34.95 
33.87 

- 

The two 1998 acoustic surveys were carried out by NIWA (for i CSlRO (for the Orange 
Roughy Management Company). When the present report was prepared, results were available for 
only the former survey. These results must, however, be considered as preliminary because they 
had not been scrutinised by the Deepwater Working Group. The best estimate of recruited biomass 
from the survey is 27 200 t with c.v. 24% (Doonan et al. 1999). This uses data from both snapshots 
and includes an allowance for mature fish that did not spawn in 1998. 



- x - Current 
... o - Previous 

Figure 3: Comparison of the biomass indices of Table 5 
with those used the previous assessment. The latter have 

986 988 lgg2 994 been scaled to have the same mean value as the former. 
Year 

5 STOCK ASSESSMENT 

5.1 Methods 

This assessment uses the same enhanced stock reduction method and forward projection procedure 
(described by Francis et al. 1995) as were used in the previous assessment (Annala & Sullivan 
1997) of this stock. This method assumes that all biological parameters are known exactly. It 
searches for combinations of virgin biomass and recruitment deviations that make the observed 
biomass (and, where included, mean length) indices most likely. 

5.2 Model inputs 

The only new input (apart from updated catches) is the absolute biomass estimate from the acoustic 
survey of the Spawning Box. Slight modifications have been made to some other inputs. 

The biological parameters used in the assessment (Table 6) are the same as given in the 1998 
Plenary Report (Annala et al. 1998). These differ from those used in the previous (1997) 
assessment of this stock only in the ogive parameters (A, A ,  S,, Sm), all of which have been revised 
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downwards by 1 year (Horn et al. 1998). 

The catches used are those from Table 2, increased by the overrun values in Table 4. The assumed. E 

catch for the current year, 1998-99, was 4000 t (the average of the catches since the Spawning Box 
was reopened in 1995-96) with an overrun of 5%. The same values were used for subsequent years 
in the forward projections. 



Table 6: Biological parameters used in the assessment. -, not estimated 

Parameter 
Natural mortality 
Age of recruitment 
Gradual recruitment 
Age at maturity 
Gradual maturity 
von Bertalanffy parameters 

Length-weight parameters 

Recruitment variability 
Recruitment steepness 

Female 
- 
- 
- 
- 
- 

38.0 cm 
b.061 yr" 

-0.6 yr 
- 
- 
- 
- 

Both sexes 
0.045 yr-l 

29 yr 
3yr 

29 yr 
3yr 
- 
- 
- 

0.0921 
2.71 

1.1 
0.75 

There are some uncertainties about the last two trawl survey indices (see Table 5) (because of their 
high c.v.s and anomalous sex ratios) and about the use of mean length data (see Francis et al. 1995 
for more details). In previous assessments the effects of these uncertain inputs was investigated by 
carrying out the stock reduction analyses using four alternative assumptions (see table 9, p. 230 in 
Annala & Sullivan 1997). In the present assessment only the first two of these alternatives were 
considered, on the grounds that the outputs using these two span the range obtained from all four 
alternatives. The two alternatives differ only in the value of 1994 biomass index (see last two lines 
of Table 5). 

The acoustic biomass estimate does not include any allowance for fish spawning on the east Rise. 
Some spawning is known to occur, simultaneously with that in the Spawning Box, on hills near 
Smiths City and Andes. To use the acoustic estimate in this assessment it: was necessary to include 
a parameter, PBox, which is the proportion of spawning orange roughy on the northeast Rise that 
spawned in the Spawning Box in 1998. 

It is not currently possible to make a formal estimate of PBox . However acoustic observations 
suggest that P B ~ ~  is large. For this assessment the most likely value was taken to be 0.8, with 
extreme values (used in sensitivity analyses) of 0.6 and 1 (M.R. Clark, pers. cornm.). 

The assessment was carried out under five alternative assumptions concerning the trawl survey and 
acoustic data (Table 7). The base case assumption used the most likely value of PBox and the first 
two alternatives (highP and lowP) use the extreme values of PBox, as given above. The last two 
alternatives (no.acc.hi and no.acc.16) omit the acoustic biomass estimate and consider the two 
alternative versions of the trawl survey data. Note that no.acc.hi and no.acc.10 correspond to data 
asumptions 1 and 2, respectively, of the previous assessment (see table 9, p. 230 in Annala & 
Sullivan 1997). Further alternative assumptions using the acoustic estimate and a 1994 biomass 
index of 21 000 t were not included because it was found that the presence of the acoustic estimate 
meant that the output was affected only slightly by variation in the value of the 1994 index. 

5.3 Model fits 

With the base case assumptions the model fits the observations reasonably well (Figure 4). 
Estimated biomass dropped rapidly ilt first and then increased slowly since about 1995. Estimated 
mean length was relatively constant cntil the late 1980s and then dropped. 



Table 7: Five sets of alternative assumptions used in the stock reduction analysis. PBox is the proportion of spawning orange 
roughy on the northeast Rise that spawned in the Spawning Box in 1998. -, not used 

Data 
assumption 
base case 

Acoustic 
estimate 
Yes 

1994 biomass 
PBOX index ('000 t) 
0.8 61 

Estimated biomass trajectories for the alternative data assumptions are broadly similar to that for 
the base case. Amongst these alternatives, the higher the initial biomass, the greater the rate of 
rebuilding in the last few years (Figure 5A). Mean length trajectories for the five alternatives are 
very similar (Figure 5B). 

It should be understood that the output from the enhanced stock reduction analysis is not a single 
trajectory for each of biomass and mean length, as shown in Figures 4 and 5. Rather, it is a family 
of such trajectories, with each trajectory having an associated weight (its likelihood). Although the 
mean biomass trajectory for each data assumption shows an increase in recent years (Figure 5A), 
some individual trajectories show a decrease. The probability that the biomass has increased 
between 1994-95 and 1998-99 was estimated as 0.72 for the base case, and between 0.61 and 0.88 
for the other assumptions. 

Year Year 

Figure 4: Fit of the stock reduction model using the base case model assumptions: A, biomass, and B, mean length. In each 
panel the mean estimate from the model is shown as a solid line (with 95% confidence bounds as dotted lines) and the points 
are the observed indices ('x' from the trawl surveys, 'A' from the acoustic survey). Vertical lines are approximate 95% 
confidence intervals. The trawl survey biomass indices are scaled by estimated catchability. 



Year Year 

Figure 5: Comparison of mean trajectories for the five alternative assumptions of Table 7. A, biomass; B, mean length. The 
solid lines in each panel are the same as those in Figure 4. 

5.4 Biomass estimates 

The best estimate of current (mid 1998-99) biomass is 84 000 t, which is 16% of the estimated 
virgin biomass of 278 000 t (Table 8). Uncertainty about PBox has relatively little effect on the 
assessment. However, if the acoustic estimate is ignored the stock status is more optimistic (but 
less certain), with higher values of Bo (by about 10-15%) and current biomass ranging from 22% to 
27% of Bo , depending on the trawl survey assumption (Table 8; Figure 6).  Under all scenarios 
considered the current biomass is less than BMsu . 

Estimates of Bo for the two assumptions that ignore the acoustic data (no.acc.hi and no.acc.10) are 
about 4% higher than the corresponding estimates from the previous assessment. This is 
presumably because some scenarios that were then possible have been eliminated by two additional 
years of catch data. 

Table 8: Estimates of mid-year biomass (t) and probabilities for Northeast Chatham Rise under the five alternative data 
assumptions of Table 7. B,- is the mid-year biomass in 1998-99; BMsy is calculated as 30% Bo, which is the mean biomass 
under a CAY policy (evaluated following Francis 1992) 

Data 
assumptionBo(t)Bmrsy(t) 0) 
base case 278 000 84 000 
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Figure 6: Estimated biomass distributions for each of the five alternative assumptions of Table 7. A, virgin biomass, Bo ; B, 
current (mid-year 1998-99) biomass, expressed as a percentage of Bo . 

5.5 Yield estimates 

Estimates of MCY, CAY, and MAY were calculated using the method of Francis (1992). CSP 
(current surplus production) was estimated as the catch for 1999-2000 that is expected to make the 
end-of-year biomass in 1999-2000 equal to that in 1998-99. Recent catches (which average 4000 t 
over the last four years) are higher than base-case estimates of both MCY and CAY but lower than 
CSP (Table 9). If the acoustic data are ignored, recent catches are below both MCY and CAY, and 
are about half of CSP. 

Table 9: Yield estimates (t) for the northeast Chatham Rise for each of the five alternative assumptions of Table 7 

Data assumption McY1999-00 MCYICQ-WI,I, CAY MAY CSP 
base case 3 200 4 000 2 900 5 300 6000 

5.6 Forward projections 8 

Forward projections were carried out for a 10-year period with the catch held constant at six 
different levels: 10 000 t, 7500 t, 4000 t (the average catch over recent years), 3000 t, 1000 t, and r 

0 t. For each catch option, two measures of fishery performance were calculated. The first, P(B2@& 
09 > 20% Bo), is the probability that the biomass at the end of the 10-year period (mid-season biomass 
in 200849) is greater than 20% Bo (biomass levels below 20% BO are considered risky to the stock) 
The second, P(B200809 > BMsY), is similar to the first, except that the reference biomass level is BMsY. 



Two performance criteria that are suggested by these performance measures are: 

'safety' criterion: P(B200&&3 > 20% Bo) > 0.9 
'target' criterion: P(B2mM9 > BMsY) > 0.5 

The 'safety' criterion derives.from a recommendation of Francis (1992) concerning what is meant by 
"an acceptable level of risk" in the definitions of MCY and CAY. The 'target' criterion is based on the 
idea that if B ~ s y  taken as a target biomass, then it is prudent to be above this level at least half the 
time. 

From the forward projections it is estimated that the annual catches needed to meet these criteria are 
2300 t (range 1400-4300 t) for the 'safety' criterion and 2900 t (range 2100-6700 t) for the 'target' 
criterion (Table 10). The probability that the population will rebuild in 1999-00 with a catch of 
4000 t was estimated to be 0.74 (range 0.69-0.86). 

Table 10: Estimates of fishery performance for the Northeast Chatham Rise fishery projected forward for albyear period with 
constant catch at six different levels. Estimates are presented for each of the five alternative assumptions of Table 7 

Annual catch (t. over 10-vear ~eriod) 
Performance measure Data assumption 10 000 7500 4000' 3000 1000 0 
P(B2- > 20%B0) base case 0.16 0.33 0.74 0.85 0.98 1 

highp 0.1 1 0.25 0.63 0.76 0.93 0.99 
lowP 0.24 0.45 0.84 0.92 0.99 1 
no.acc.hi 0.52 0.70 0.92 0.96 0.99 1 
no.acc.10 0.37 0.56 0.86 0.92 0.98 0.99 

p(B2ca-09 > BMSY) base case 

lowP 

* average of recent catches 

Because of the low productivity of orange roughy, rebuildmg of thls (and any other) stock is expected 
to be slow. Even without fishing the expected rate of rebuilding is only 2.5% Bo per year; with current 
catch levels the rate of rebuilding is estimated to be only about half of this (1.2% Bo per year) (Table 
11). 

Table 11: Estimated rebuild rates (% Bdyear, averaged over ten years) for each of six future catch levels. Estimates are 
presented for each of the five alternative assumptions of Table 7 

Annual catch (t) 
Data assumption 10000 7500 4000' 3000 1000 0 
base case -0.5 0.1 1.2 1.5 2.2 2.5 

highP 
lowP 
no.acc.hi 
no.acc.10 

-0.5 0.1 1.2 1.5 2.2 2.5 
-0.6 0.1 1.2 1.5 2.1 2.4 
-0.4 0.3 1.2 1.5 2.1 2.4 
-0.4 0.2 1.3 1.6 2.2 2.5 

average of recent catches 



6 Management implications 

This assessment must be considered as preliminary because it uses results from only one of the two 
1998 acoustic surveys of the Spawning Box, and those results have not yet been scrutinised by the 
Deepwater Working Group. 

u 

The best assessment of this stock (using the acoustic data) indicates that it is currently at about 50% 
of BMsu. (BhlSY is here interpreted as the mean biomass under a CAY policy, which is 30% of Bo.:) I 
There is some uncertainty associated with the proportion of spawners that were covered by the 
acoustic survey (PBox) but the assessment is relatively insensitive to this. Recent catches are higher 
than both MCY and CAY but lower than CSP. 

The acoustic data are consistent with, but slightly more pessimistic than, the trawl survey data that 
are the other major data input to this assessment. Thus, if the acoustic data are ignored the 
assessment is more optimistic, but the current biomass is still less than (70-90% of) BMSY . With 
this assumption recent catches are lower than MCY and CAY, and are about half of CSP. 

There is clear evidence that the biomass declined rapidly during the 1980s but is no longer doing so 
(Figure 4A). However, there is great uncertainty about whether it is currently stable, slowly 
declining, or slowly rebuilding. The modelling suggests that it is most likely (with a probability of 
0.72) to have been rebuilding slowly since about 1994-95 (at a rate of about 1.2% Bo per year), but 
this result is based on an indirect inference, rather than direct observations. Effectively, the model 
says that a fish population with the given biological parameters, whch has reacted as indicated by 
the trawl survey and acoustic data to the observed historical catches, ought to be rebuilding slowly 
given the recent catches. What little there is in the way of direct observation (see Figure 2) is 
insufficiently precise to distinguish between a slow decline and a slow rebuild. 
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