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EXECUTIVE SUMMARY 

The fishery assessment for orange roughy in the east coast Fishstocks of Ritchie (ORH 2A), 
Wairarapa (ORH 2B), and Kaikoura (ORH 3A) is updated with (a) landings data from the 
1992-93 fishing year; (b) biomass estimates from an egg production survey and trawl surveys; 
(c) estimates of mean length from cominercial and trawl survey length frequency distributions; 
(d) analysis of commercial CPUE data from 1985-86 to 1992-93; and (e) the results of stock 
reduction analyses. 

Allozyme data show no evidence for more than one stock of orange roughy in the east coast 
fisheries, and that these fisheries are distinct from the nearest geographical samples taken on 
the northwest Chatham Rise. Preliminary DNA data indicate a difference between Ritchie and 
Wairarapa samples. 

The Daily Fecundity Reduction Method was used to estimate orange roughy biomass from the 
egg production survey data. For Ritchie, Wairarapa, and Kaikoura combined recruited biomass 
was estimated to be 45 000 t (c.v. = 40%). 

Indices of relative abundance estimated from trawl surveys for Ritchie, Wairarapa, and 
Kaikoura combined declined by 27% between 1992 and 1994. 

A standardised regression technique was used to estimate indices of abundance from the 
commercial CPUE data for the spawning fishery in statistical area 013. The 1992-93 index 
was the lowest in the series and had declined to 26% of the peak value observed in 198687. 

An enhanced stock reduction analysis technique was used to estimate virgin and current 
biomass, and also to estimate fishery performance measures over the 5 year period 1994-95 
to 1998-99 with seven future catch options. 

In the base case analysis there was assumed to be a single stock in Ritchie, Wairarapa, and 
Kaikoura and all indices (CPUE, trawl survey, egg survey, and mean length) were used Bo 
was estimated to be 144 000 t and the current biomass (mid-season 1993-94) was 33% B, 
In order to satisfy two proposed performance criteria ('safety': probability that B,, > 20% 
Bo must be greater than 0.9; 'target': probability that B,,, > 30% B, (=BMfl) must be greater 
than 0.5) the total removals over the next 5 years should not exceed 9200 t. With a status quo 
policy (no change in TACC) the expected removal would be 55 300 t, assuming 10% ovemn 

The analysis was repeated with six alternative assumptions: two different stock hypotheses; 
three concerning the egg survey; and one where the mean length data were omitted In all 
cases current TACCs were not sustainable over the next 5 years using the above performance 
criteria. 

With the alternative stock hypotheses the assessment is more optimistic than the base case, but 



TACC reductions are st i l l  required to satisfy the 'safety' and 'target' criteria Assuming a 
single stock in Ritchie and Wairarapa, total removals from ORH 2A and 2B should not exceed 
14 500 t (compared to 42 642 t with no change in TACCs and assuming a 10% overmn); with 
a single stock in Ritchie only, removals from ORH 2A should not exceed 11 900 t (compared 
to 35 123 t with no change in TACCs and assuming a 10% overrun). 

Assuming that the egg survey biomass estimate is negatively biased by 20% because of 
spawning activity away from the survey area, the maximum 5 year removal consistent with 
the 'safety' and target' criteria is 17 300 t. If the egg survey data are omitted, the assessment 
depends strongly on the assumed maximum likely value for virgin biomass. Estimated 
maximum 5 year removals lie between 15 000 and 25 000 t. 

When the mean length data are excluded from the model, the estimate of B, is higher 
(158 000 t), the current biomass is lower (27% B,), and the maximum 5 year removal is lower 
(8400 t). 

INTRODUCTION 

Overview 

This document updates the fishery assessment for orange roughy along the east coast of New Zealand 
between Cape Runaway and Banks Peninsula. This area includes three orange roughy Fishstocks - 
Ritchie (ORH 2A), Waimpa (ORH 23). and Kaikoura (ORH 3A). 

Background data and analyses for this area presented in previous Fishery Assessment Research 
Documents (FARDs) (Annala 1988, 1989, 1990; Annala & Francis 1991; Field et al. 1993) will not 
be repeated here. The major additional sources of information for the present assessment are: (a) 
landings data from the 1992-93 fishing year, (b) biomass indices from trawl surveys canied out by 
Tangaroa in 1992, 1993, 1994; (c) an estimate of biomass from an egg production survey canied out 
on the Ritchie Hill in JuneJuly 1993; (d) estimates of mean length from commercial and trawl survey 
length frequency distributions; and (e) analysis of commercial B U E  data from 1985-86 to 1992-93. 
The stock reduction analyses are canied out using the biomass indices and estimates of biological 
parameters. Orange mughy in the area between Cape Runaway and Banks Peninsula are again treated 
as one stock for assessment purposes. 

2 3  Description of the fishery 

The fishery for orange roughy in all three areas is confined to vessels less than 43 m in length. 

23.1 Ritchie (ORH 2A) 

The orange roughy fishery in ORH 2A includes domestic fishing return areas 011,012,013,204, and 
part of 014. The main area of the fishery is centred on the Ritchie Bank in area 013. Landings were 
reported on Quota Management Reports (QMRs) from this Fishstock during each month of the 
1992-93 fishing year (Table 1). However, the fishery has been concentrated on pre-spawning, 
spawning, and post-spawning aggregations on the Ritchie Hill during June-July. In 1992-93 46% of 
the total catch was taken during these two months. 



2 Wairarapa (ORH 2B) 

The fishery in ORH 2B includes domestic fishing return area 015 and parts of areas 014,016, and 019 
with the main fishery off Castlepoint in area 015. Landings were reported on QMRs from this 
Fishstock during each month of the 1992-93 fishing year (Table 1). No spawning grounds are known 
in this area, and during past years some orange mughy caught on the Ritchie during the spawning 
season may have been declared as coming from the Wairarapa. 

2.23 Kaikoura (ORH 3A) 

The fishery in ORH 3A includes parts of domestic fishing retum areas 016420, with the main area 
of the fishery in area 018. Landings were reported on QMRs from this Fishstock during each month 
of the 1992-93 fishing year (Table 1). No spawning grounds are known in this area, and d u h g  past 
years some orange mughy caught on the Ritchie during the spawning season may have been declared 
as coming from Kaikoura. 

Table 1: Reported orange mughy landings (t) by Fishstock by month for the 1992-93 fishing year 

Ritchie Wairarapa Kaikoura 
Month (ORH 2A) (om 2B) (ORH 3A) Combined 

Total 

2 3  Literature review 

Previously published material and unpublished reports were reviewed in earlier FARDs. Additional 
material that has become available includes reports on trawl sweys canied out by Tunguroa in 
March-April 1992 (Grimes 1994) and 1993 (Grimes, unpublished results), both of which were designed 
to estimate adult distribution and biomass. 

3. REVIEW OF THE FISHERY 

3.1 Total Allowable Catches and landings data 

Total Allowable Catches (TACs) and reported landings for ORH 2A. 2B, and 3A for the 1981-82 to 
1992-93 fishing years are shown in Table 2. During 1992-93 reported landings were markedly less 



than the TACCs in OFU-I 2B (by 21%) and ORH 3A (by 27%). The TACC for Kaikoura (ORH 3A) 
was reduced to 2300 t for the 1993-94 fishing year, TACCs for ORH 2A and OFU-I 2B were 
unchanged. 

Table 2: Reported m g e  roughy landings (t) and TACs (t) for ORH 2A, 2B, and 3A. Fishing year = 1 
Oct-30 Sep. Sourceunpublished MAF statistics (1981-82 and 1982-83); Fisheries Statistics Unit 
statistics (1983-84 to 1985-86); Quota Monitoring System (1986-87 to 1992-93). -, no reported 
landings or TACs 

5 

Ritchie Wairarapa Kaikoura 
ORH 2A ORH 2B ORH 3A Combined 

Fishing year Landings TAC Landings TAC Landings TAC Landings TAC 

* = included in ORH 3B TAC 

Limited data are available on the extent of TACC overruns for this area The overrun values in Table 
3 have been used in the simulation model to adjust past catch histories. In the early years of the 
fishery on the Ritchie Hill, o v e m  were estimated to be as high as 50%. An overrun value of 1Wo 
is assumed to be consistent with the estimated level of current illegal catches and anecdotal evidence 
of losses during fishing from b m t  bags, discards, etc. Until data become available which support a 
change, an overmn value of 10% will be applied to a l l  future catches. Yield estimates need to be 
adjusted by the estimated overruns when determining catch levels. mote that the overmn values Table 
3 are the values acfuulty used in the 1993 assessment. The values given in Table 11 of Field et al. 
1993 are incorrect.] 

Table 3: Catch overmns (%) by QMA and year. -, no catches reported 



3 3  Maori and recreational fishing pattens 

There is no known recreational or traditional Maori catch of orange roughy. 

4. RESEARCH 

4.1 Stock structure 

Results from allele frequency studies show that orange roughy from Ritchie, Wairarapa, and Kaikoura, 
cannot be separated (P. Smith, MAF Fisheries Greta Point, pers. comm.). However, frequencies of the 
same alleles from the nearest geographical area on the northwest Chatham Rise indicate that this area 
can be separated fmm the three east coast areas. Preliminary DNA data indicate a difference between 
Ritchie and Waimrapa samples. Research on DNA markers in samples from both east coast and 
Chatham Rise fish is continuing and may further define the stock structure of orange roughy. At this 
stage it is recommended that the boundaries between the three QMAs be retained until the results of 
these investigations are known. 

The only identified spawning location along the east coast of New Zealand is on the Ritchie Bank. 
spawning orange roughy have not been located in Wairarapa or Kaikoura. Fish from Wairarapa and 
Kaikoura may migrate to the Ritchie to spawn. Until the data suggest an alternative interpretation of 
stock structure for this area, it has been decided to treat the three east coast QMAs as one stock for 
assessment purposes. Alternative stock hypotheses have been included for comparison with the base 
case. mote: After this assessment was completed, a new spawning ground was identified off East 
Cape.] 

4 3  Resource surveys 

Since the last assessment, an egg production survey and a trawl survey have been completed. Previous 
trawl surveys of orange roughy along the east coast of New Zealand were discussed by Field et d. 
(1993). 

43.1 Egg production survey estimates 

During June-July 1993 an egg production survey of the Ritchie Hill was carried out using Tangaroa 
(voyage TAN9306, Zeldis et al. 1994). The main objective of the survey was to estimate the biomass 
of spawning female orange roughy on the Ritchie Hill during the spawning season. Zeldis et al. (1994) 
described the Daily Fecundity Reduction Method (Lo et. al. 1993) used to estimate biomass of 
spawning females in the Ritchie Hill survey area by dividing the daily planktonic egg production in 
the survey area by the weight-specific daily fecundity of females (Table 4). A plankton survey was 
completed to estimate daily planktonic egg production and the change in fecundity of spawners over 
the season was estimated from trawl survey samples. 

The fishery-recruited (2 32 cm lengh) biomass of east coast orange mughy was then estimated using 
three alternative hypotheses of stock structure: that the estimated biomass represented the fish from 
(i) Ritchie, Wairarapa, and Kaikoura (ORH 2A, 2B and 3A); (ii) Ritchie and Wairarapa (ORH 2A and 
2B); (iii) Ritchie only (ORH 2A) (Table 4). Based on the 1993 Tangaroa trawl survey, the ratio of 
relative recruited biomass to that of spawning females (S, where females with gonad stage 2 3 at the 
time of the trawl survey were assumed to be going to spawn that year) was estimated for each area 
The biomass estimate of spawning females in the Ritchie Hill m a  was then scaled up to the total 
recruited biomass ( B d  under the three alternative hypotheses. 



Table 4: Daily Reduction Fecundity Method parameter estimates for Ritchie Hill spawning female biomass and 
east coast North Island recruited biomass, June-July 1993 (with coefficients of variation. 8, in 
parentheses). No, daily egg production for Ritchie Hill survey area; D, weight-specific daily fecundity 
of females; Be biomass of spawning females in Ritchie Hill survey area; S, ratio of recruited 
biomass to that of spawning females, for each stock hypothesis, B,, biomass of reQuited fish for 
each stock hypothesis. -, not estimated 

Stock hmthesis 
Parameters Ritchie Hill 2-,3A 2A 

NO 16 x 109 eggs day'' (36) - - - 
D 733 eggs kg-' &y-' (14) - - - 
Bd 22 000 t (40) - - - 
S - 2.07 (8) 1.90 (4) 1.80 (5) 

B, - 45 000 t (40) 41 000 t (40) 39 000 t (40) 

4 2 2  Trawl survey estimates 

A two-phase random stratified trawl survey was carried out from Tangaroa during March-April 1994 
(Grimes, unpubL data). The main objectives of the survey were to determine the distribution and 
biomass of adult and pre-recruit orange roughy in ORH 2A, 2B, and 3A in depths from 600 to 1500 
m. Data were collected on the distribution and abundance of pre-recruit (< 32 cm length) and recruited 
(2 32 cm length) orange roughy, sex ratios, length frequency distributions, gonad stages, and stomach 
contents. Otoliths were collected for later analysis. This survey is the third in a time series of 
Tangaroa surveys covering the same area at the same time of year. 

Biomass estimates from these surveys for the three Fishstocks individually and for all thnx Fishstocks 
combined are shown in Table 5. Note that the biomass estimates for 1992 have increased since the 
1993 assessment (Field et al. 1993) because measurements of net parameters using Scanmar 
monitoring equipment taken in 1993 and 1994 led to a decrease in the wingspread value assumed for 
the 1992 survey from 28 m to 25 m. 

Table 5: Estimates of biomass (t) of mmited fish (2 32 cm length) for Ritchie (ORH 2A), Wairarapa (ORH 
2B), and Kaikoura (ORH 3A), and all areas combined drom the 1992, 1993, and 1994 Tmgaroa 
surveys. Areal and vertical availability = 1.0, vulnerability factor (wingspread/doorspread) = 0.24. 
C.V. = coefficient of variation 

No. of No. of Area 
slxala stations ( ~ q  km) Biomass C.V. (96) 

1992: Ritchie 
wairarapa 
Kaikoura 
Combined 

1993: Ritchie 
Wairarapa 
Kaikoura 
Combined 

1994: Ritchie 
wairarapa 
Kaikoura 
Combined 



Biomass estimates from six previous trawl surveys described by Annala & Francis (1991) are available 
for this area but are not used in this assessment because of problems of comparability (Field et al. 
1993). 

4 3  Estimates of mean length 

Mean length of fish on the Ritchie Hill has been estimated from two sources of length frequency data: 
a) from trawl surveys which sampled the Ritchie Hill during the spawning season in 1985-86, 
1986-87, and 1992-93; and b) from market sampling of commercial landings during the spawning 
season in 1988-89, 1989-90, and 1990-91. Landings of the commercial catches did not adequately 
sample fish less than 30 cm. For this reason all means were calculated for fish greater than or equal 
to 30 cm. Mean length was weighted by catch, and calculated as the average of the mean male and 
the mean female length so that it was not affected by changes in the sex ratio of samples. 

The c.v.s of the mean lengths were calculated by a bootstrap procedure analagous to that of Francis 
et al. (1992). The procedure was as follows. 

1. Randomly select (with replacement) a sample weighting where 

a) for estimates from trawl surveys a sample is catch from a station. 

b) for estimates from market samples a sample is the landed catch from a trip. 

2. Randomly select (with replacement) a mean length for males and females 

a) for trawl survey estimates from either, the group of observed mean values that have a 
sample weighting for a catch less than 2 t or, the group of observed mean values that have 
a sample weighting for a catch more than 2 t (this is because the weightings were 
correlated with the mean length: stations with high weightings ie. large catches, tended to 
have high mean lengths; low mean lengths were always associated with low station 
weightings) . 

b) for market sampling estimates, from the whole group of observed values. 

3. Calculate the weighted mean lengths for males and females for the simulated sample. 

4. Calculate the average of the mean male and mean female length for the simulated sample. 

5. Repeat steps 1-3 1000 times and calculate the C.V. of the 1000 values of mean length. 

Neither sex showed any trend in mean length. The weighted mean lengths of all fish and calculated 
c.v.s are shown in Table 6 



Table 6: Weighted mean lengths and calculated c.v.s for fish 2 30 cm caught on the Ritchie Hill. -, no data 

Length No. Mean 
Year frequency source samples length C.V. (%) 

trawl survey GAL8603 
trawl survey ARR8701 
- 
market sampling 
market sampling 
market sampling 
- 
trawl survey TAN9306 

4.4 Catch per unit effort 

The data source is as described by Field (1992). The proportion of the reported landings for ORH 2A 
which is also reported as estimated catch on the catch-effort database is given in Table 7. For the 
1992-93 fishing year 92% of the reported landings were reported as estimated catch on the catch-effort 
database. This was similar to previous years' data collected by the QMS' catch-effort system. There 
was detailed tow infomation covering 78% of this estimated catch. 

Table 7: Reported landings (t) in ORH 2A, the percentage that is also reported as estimated catch on the 
catcheffort database, and the pemntage of this estimated catch which has information on individual 
tows. FSU = Fisheries Statistics Unit; QMS = Quota Monitoring System; -, not calculated for 
1988-89 because of insufficient data 

Year 
Reported % on % with tow 

System landings database infcnmation 

n u  
FSU 
n u  
FSU 

FSU & QMS 
QMS 
QMS 
QMS 
QMS 

The catch per unit effort (CPUE) analysis was restricted to statistical area 013. This area, which is 
within ORH 2A, contains the Ritchie Hill, the only known spawning location on the east coast of New 
Zealand. 



4.4.1 Unstandardised catch rates 

Profiles of unstandardised seasonal 
catch rate for area 013 are shown in 
Figure 1. For each day a mean tomes 
per tow was calculated for each vessel 
that fished. The median of each five 
consecutive such means was obtained 
and these medians were smoothed 
using the 'S' function "smooth 
(Becker et al. 1988). Pre-spawning 
season catch rates in 1992-93 were 
much lower than those observed 
before 1989-90, but slightly higher 
than catch rates in 1989-90 and 
l99O-9 1. In 1992-93 peak catch rates 
during the spawning period were 
about 30% lower than those in 
1991-92, and about 50% lower than 
those from 1986-87 to 1990-91. In 
addition, the period over which peak. 
spawning period catches were taken 
was much shorter than previous years. 

Figure 1: Unstandardised catch rate 
(tomes per tow) profiles by year for orange 
roughy caught in statistical area 013. The 
profiles plotted are amoothed medians 
(medlans calculated for flve collseeutive 
data points) of the average tomes per tow 
caught by a vessel In a days fishing. 

1 1 1 1 1 1 1 1 1 1 1 1 1  
Od Jan Mr Jul W 

4.43 Standardised CPUE analysis 

The standardised CPUE analysis of commercial data described by Field (1992) was repeated with data 
for the 1992-93 fishing year included. An index of abundance which measured the relative year effects 
in the model was developed for both the pre-spawning (1 October-31 May) and spawning (1 June45 
July) orange mughy fisheries in statistical area 013. 

The CPUE indices produced by these models are assumed to be proportional to annual abundance. 
However, this method assumes that factors not included in the model do not change annually and have 
a neutral effect on the annual indices (Punsly 1987). For this analysis insufficient data were available 
for many factors that may influence orange mughy catch rates, so very few predictor variables were 
available for inclusion in the regression model. Therefore, the relative year effects may reflect not only 
abundance, but also annual variation in other factors. 

In this analysis, fishing year and season were included as categorical variables. For the pre-spawning 
analysis, season was categorised into nine periods of 27 days each, beginning on 1 October. For the 
spawning analysis, season was categorised into 5 day periods which each year were cenaed on the 
peak catch rates for that year, i.e., the model compared peak periods with peak periods, pre-peak 
periods with pre-peak periods, etc. Volume of the vessel (as calculated by length * breadth * draught) 
was included in the model as a categorical variable, the categories being: 0-199,200499,500-1499, 
and 1500-2499 m3. The year the vessel was built was included as a continuous variable. 



(i) Results for the pre-spawning period 

Results from the regression analysis which were used to choose the best predictor variable at each 
iteration are shown in Table 8. At the first iteration year was the variable which explained most of the 
variability in the log (catch per tow). The variable season improved the SSR by 26% at the second 
iteration. The addition of vessel volume improved the SSR by 7% and was therefore included in the 

C 

model. The three variables year, season, and vessel volume explained 10% of the variation in log 
(catch per tow). + 

The index (relative year effect) for 1992-93 was only 29% of the peak value observed in 1987-88, 
but increased from the previous year Uable 9, Figure 2). The index decreased from a range of 0.93 
to 1.3 between 1985-86 and 1987-88 to a range of 0.23 to 0.39 between 1989-90 and 1992-93 This 
may reflect a decline in abundance in the pre-spawning population in area 013. However, because 90% 
of the variability in the CPUE is not explained by this model there is a risk that the year effects could 
be caused by some factor, other than abundance, which was not measured. 

Table 8: Choice of variables in stepwise regression of pre-spawning log (catch per tow) in o n k  of 
importance. Each entry shows the SSR that would be achieved by including the given variable into 
the regression at that iteration. SSR is the sum of squares of the regression where the total sum of 
squares was 5145 

Variable 
SSR at iteration 

1 2 3 4 
--- - - 

Year 384 
Season 122 485 
Vessel volume 21 425 52 P 
Year built 16 390 488 526 

@ (%I 7.5 9.4 10.1 10.1 
SSR % improvement 26 7 1 

Table 

Year 

9: Relative year effects for regression of pre-spawning log (catch per tow). n = sample size; Var = 
variance of the regression coefficient, pi; Cov = covariance of the regression coefficients (fi,f19&; 
SA,. = standard deviation of the year effea -, insufficient data 

Regression Relative 
n coefficient Var Cov year effect q; 



The pre-spawning period index for 
area 013 is an index of both resident 
fish and fish migrating from other 
areas of the east coast to the Ritchie 
Hill to spawn. During the pre- 
spawning 'period only about 17% of 
fishing effort (vessel-days) in QMAs 
2A, 2B, and 3A has taken place in 
area 013. Therefore the pre-spawning 
CPUE index for area 013 captures 
only a small portion of the fishing 
effort on the east coast at this time. 
Also the distribution of fishing effort 
during the pre-spawning period, 
within area 013, has been different in 
each year of the fishery. It is not 
known how changes in the timing of 
fishing effort and the migration of fish 
to the Ritchie Hill affect the CPUE 
index. For these reasons it is unlikely 
that the pre-spawning CPUE index for 
area 013 is a good index of 
abundance for the whole stock. 

dative year effect 

Figure 2: Relative year effects A, for the pre+pawnlng 
period, estimated from @(tomes per tow) with error 
bars representing two standard deviations, q,. 

(ii) Results for the spawning period 

Results from this regression analysis which were used to choose the best predictor variable at each 
iteration are shown in Table 10. At the first iteration, season explained most of the variability in the 
log (catch per tow). Year improved the SSR by 30% at the second iteration. The addition of year the 
vessel was built improved the SSR by a further 8% and was therefore included in the model. Using 
the three variables season, year, and year the vessel was built explained 31% of the variation in log 
(catch per tow). 

Table 10: Choice of variables in stepwise regression against spawning log (catch per tow). Each entry shows 
the SSR that would be achieved by including the given variable into the regression at that iteration. 
SSR is the sum of squares of the regression where the total sum of squares was 1623 

Variable 
SSR at iteration 

1 2 3 4 

Season 326 
Year 172 468 
Year built 49 376 506 
Vessel volume 2 33 1 477 512 

(%I 20.1 28.8 312 31.5 
SSR % improvement 30 8 1 



Table 11: Relative year effects for regression of spawning log (catch per tow). n = sample size; Var = variance 
of the regmion coefficien~ Pi; Cov = covariance of the ~gression coefficients (fi.fI9&; qi = 
standard deviation of the year effect; -, insufficient data 

Year 
Regression Relative 

n coefficient Var Cov year effect Sa: 

The regression coefficients and 
relative year effects for each year 

2.5 
included in the analysis are shown in 
Table 11. The relative year effect 
increased during the first 2 years of 
the fishery to a peak value of 2.02 in 2.0 

1986-87, and subsequently declined 
to 0.52 (26% of the peak value) by 
1993 (Figure 3). 1.5 

The increase in the CPUE index 
between 1985-86 and 1986-87 was 1 .o 
almost certainly due to improvements 
in fishing power. In the early years of 
this fishery there were large losses of 0.5 
fish due to burst and mtrieved nets. 
As reported landings do not record 
these fish, the CPUE index probably 
underestimates abundance for these 0.0 

elaf ve year effect 

years. For this reason the CPUE index 
1 

188586 1087-88 198890 1991-02 
for 1985-86 was not included in the 
stock reduction analysis (Section 4.5). Figure 3: Relative year effects A, for the 
In addition, learning by fishers and spawniag period, estimated from log(tonnes per 

major improvements in gear tow) with error bars representing two standard 
deviations, s,q technology for deepwater trawling 

mean that the fleet is now far more 
effective at fishing on difficult ground and dense aggregations of orange roughy. None of these were 
included in the model as separate variables and therefore may contribute to the year effect. Thus the 
CPUE index may underestimate the decline in biomass. 

During the spawning period, about 75% of fishing effort (vesseldays) in QMAs 2A, 2B, and 3A has 
taken place in area 013. Therefore the spawning CPUE index captures a large propoxtion of the fishing 
effort on the east coast at this time. The CPUE index for the spawning period for area 013 is an index 
of the spawning fish of a stock which ex&ends beyond the boundaries of area 013. The geographical 
extent of this stock is unknown. However, the Ritchie Hill (within m a  013) is the only known 
spawning location along the east coast of New Zealand. Therefore the stock which spawns on the 
Ritchie Hill may extend through all or part of QMAs 2A, 2B, and 3A. If abundance of the spawners 
on the Ritchie H i .  is represeNative of this stock, then the B U E  index for area 013 during the 
spawning period may be a representative index for it. 



4 5  Estimation of biomass 

The enhanced stock reduction analysis technique (Francis 1990, Francis et al. 1992) was used to 
estimate virgin (Bd and current biomass (B,,, the mid-season biomass in 1993-94). Biological 
parameters were as estimated by Doonan (1994) for ORH 3B (Table 12); catches before 1993-94 were 
as in Table 2; catches for 1993-94 were assumed equal to the TACCs (Table 2); and assumed overmns 
are given in Table 3. 

[When this document was in press discrepancies were found between the input data used in this 
analysis and the data in Tables 2 and 5. Catches for 1985-86 and 1990-91 were slightly different and 
the von Bertalanffy k parameter for males was taken as 0.061 instead of 0.070. Because the effect of 
these discrepancies was likely to be small the analysis was not repeated.] 

Table 12: Revised biological parameters as used in this assessment. The parameters used in the 1993 assessment 
are given (under 'Old'), for comparison. -, no &ta. 

Parameter 
New Old 

Symbol Male Female Both sexes Both sexes 

Natural mortality A4 - - 0.045 yr-' 0.04 yfl 
Age of recruitment 4 33 Yr 3 4 ~  - 

- 222 yr 
Gradual recruitment sr 9 yr 8 ~r 6.6 yr 
Age at maturity 4 33 Yr M y  - 

- 222 yr 
Gradual maturity s, 9 ~r 8 Y 6.6 yr 
von Bertalanffy parameters L, 36.4 cm 38.0 cm - 37.3 cm 

k 0.070 yr 'l 0.061 yfl - 0.07 yfl 
b -0.4 yr -0.6 yr - -0.3 yr 

Length-weight parameters a - - 0.0921 0.0921 
b - - 2.7 1 2.7 1 

Recruitment var iabi i  % - - 1.1 1.2 
Recruitment steepness - - 0.75 0.75 

The biomass estimates used in the stock reduction analysis and their assumed c.v.s are given in Table 
13. AU but the egg survey estimates were used as indices of relative abundance and assumed to have 
normal emrs. The egg survey d t s  were taken as estimates of absolute biomass and were assumed 
to have lognormal emrs (this was indicated by bootstrap calculations (Zeldis et al. 1994)). Mean 
lengths are not separated by sex in the stock reduction model because catch data are not available by 
sex and so it is not possible adequately to track separate trends in male and female biomass. For this 
analysis the median of the calculated c.v.s (see Table 6) was used for all mean length indices. 

A comparison with the Challenger and Chatham Rise fisheries suggests that the virgin orange mughy 
biomass in ORH 2A, 2B, and 3A is likely to be intermediate in size between those in ORH 7A and 
ORH 3B, where B, is thought to be about 100 000 t and 400 000 t, respectively. Therefore a value 
of 200 000 t was assumed for B, (the a priori maximum likely value for B,). However, in order to 
detennine what upper bounds on B, were suggested by the data, the stock reduction analysis was 
carried out with a maximum trial Bo value of 500 000 t (trial values ranged from 50 000 t to 500 000 t 
in steps of 20 000 t). For a l l  but one of the analyses, the resulting biomass estimates (and fishery 
performance measures) were almost identical, whether they were calculated assuming that B- was 
200 000 or 500 000 t In other words the data suggest (in all but one instance) that values of B, greater 
than 200 000 t are unlikely. In order that the results should not be influenced by a subjectively derived 
value of B,, all the results which follow (except where indicated) are calculated using the full range 
of trial B, values (i.e., setting B,, = 500 000 t). 



Table 13: Biomass indices (with c.vq %) as used in the stock reduction analysis. Egg and mwl swey indices 
are given for each of the three stock hypotheses: 2AB3A = ORH 2A, 2B and 3A; 2AB = ORH 2A 
and 2B; 2A = ORH 214. -, no data 

CPUE Mean l end 

Trawl survey 
2AB3A 2AB 2A 

The base case analysis which assumes Probability A 

(see Section 4.1) a single stock on the 
east coast in ORH 2A, 2B, and 3A 
(stock hypothesis '2AB3A') used all 
the indices in Table 13. From this 
analysis Bo was estimated to be 144 
000 t, and the cmtm (mid-season 
1993/94) biomass was 33% Bo (Table sb 
14, Figure 4). Probability B 

I 

Figure 4: Biomass distributions estimated 
\ by the bafe ease stock reduction analysis for 

A, virgin blomrrss, B, (t); By mld-season 
biomass in 1993-94, B ,  0); and C, B ,  as 
a pexcentage of B,. The vertical lines in 
panel C are at 20% B, and 30% B, 



Table 14: Biomass estimates from the stock reduction analysis (B, is virgin biomass. B,, is the mid-season 
1993-94 biomass). B ,  assumed to be 500 000 t except where indicated 

Base case: (2AB3A) 144 000 48 000 33 0.97 0.64 

2AB3A. no mean length 158 000 43 000 27 0.85 0.3 1 

2AB3A. egg survey bias = 20% 159000 59000 38 0.99 0.80 
2AB3A, no egg survey 259 000 159 000 56 0.99 0.92 
2AB3A, no egg survey, B,=200 000 t 159 000 70 000 43 0.98 0.82 

2AB3A no CPUE 
2AB3A, no trawl 

- -  

Two alternative stock hypotheses were 
considered. Each hypothesis defines 
the area from which fish are drawn to 
spawn on the Ritchie Hill and 
thereabouts (the only known orange 
roughy spawning area on the east 
coast of the North Island). 
Hypothesis '2AB' assumes this area 
to be ORH 2A + ORH 2B (Ritchie 
and Wairarapa); hypothesis '2A' 
assumes it to be solely ORH 2A 
(Ritchie). With these alternative stock 
hypotheses, the estimates of B, were 
lower than for the base case, but the 
current status of the assessed stock (as 
described by B,, as a percentage of 
B& was higher (Table 14, Figure 5A- 
0. 

The possibility that the egg s w e y  
estimate of biomass was negatively 
biased because there may have been 
fish spawning outside the s w e y  area 
(either nearby, in ORH 2A, or further 
afield) was also considered. Negative 
bias would also be caused by any 
eggs that were spawned within the 
s w e y  area but were advected outside 
it before they reached stage 11 (age 
26.3 h, Zeldis et al. 1994). However, 
the following reasons make it unlikely 
that this bias would be very large. 
First, there are no known spawning 

Probability A Probability D 

Probability B Probability E 
I I 

Figure 5: Sensitivity of estimated biomass dlshtbutlons to 
changes In esslrmptions, Panels A-C show results for the 
alternative stock hypotheses; panels D-F show the results 
essuming an egg survey bias of 20%. h all panels the solid 
b e  shows the base case dlstributlons, as in Figure 3. 



concentrations in the region other than those on the Ritchie Hill and thereabouts. Second, although 
the data on egg distribution and water currents suggest that some eggs could have been produced in 
the southwest comer of the survey area and advected out of the area before stage 11, what is known 
about bottom depths in areas of known orange roughy spawning makes the production of eggs in the 
southwest comer unlikely. 

To test the sensitivity of the base case analysis to this source of bias the analysis was repeated with 
the assumption that the egg survey biomass estimate had a negative bias of 20% (i.e., eggs from 80% 
of the biomass of spawning females were available to the egg survey). As expected, this resulted in 
a more optimistic assessment: B, was estimated to be 159 000 t and B,, to be 38% B, (Table 14, 
Figure 5D-F). 

To determine which of the four types of indices of Table 13 was most influential to the base case 
assessment, the stock reduction analysis for '2AB3A' was repeated four limes, with one type of index 
omitted each time. The egg survey biomass estimate was clearly the most influential. Without this, 
the estimate of B, increased to 259 000 t (assuming B,,, = 500 000 t )  or 159 000 t (assuming B,, 
= 200 000 t) and the current biomass to 56% Bo (or 43% Bo) (Table 14. Figure 6J-L). Omitting the 
mean length data resulted in a more optimistic estimate of B,, but a less optimistic estimate of c m n t  
status (Table 14, Figure 6G-I). The effect of omitting either the trawl or CPUE indices was slight 
(Table 14, Figure 6A-C, D-F). For this reason sensitivity analyses reported in the remainder of this 
document do not include the "no trawl" and "no CPUE" cases. 

Probability A Probability D Probability G Probability J 

Figure 6: Sensitivity of estimated blomass dktrlbutions to the omMon of one of the types d index in Table U. Pmek 
A-C show the results without the CPUE indices; D-F are wfthout the trawl survey data; G-I are without the mean 
lengtb data; and J-L are without the egg survey data In all panels the dotted line shows the base case dlstrlbutions, 
as in Figure 3. 



Because the stock  ducti ion analysis 
was so strongly influenced by the egg 
s w e y  data, the egg s w e y  bootstrap 
distribution for B,, (mid-season 
biomass in 1992-93) was compared 
with the distribution estimated in the 
base case stock reduction analysis. 
This shows that the latter is somewhat 
to the right of the former, with the 
values at the lower end of the 
bootstrap distribution considered 
implausible by the stock reduction 
analysis (Figure 7). 

Figure 7: Two dlsMbutlons for mid-season 
1992-93 biomass, B,,: the dotted line is the 
egg survey boogtrap distribution; the solid 
line h as estimated by the base case stock 
reduction analysis. 

4.6 Yield estimates 

4.6.1 Estimation of Maximum Constant Yield (MCY) 

From the method of Francis (1992) and the biological parameters in Table 12 it was estimated that 
the MCY is 1.62% B,. Under continued fishing at this level, the mean biomass is 50% B, The 
sensitivity of the MCY estimate to changes in M and steepness is shown in Table 15. Estimates of 
MCY are given in Table 16. 

Table 15: Maximum constant catch (as a percentage of B,J that can be safely taken indeftnitely from an orange 
roughy population, calculated for different values of M and steepness. -, not estimated 

Steepness 
0.50 0.75 0.95 



Table 16: Estimates of 1993-94 beginning-of-season biomass (Begbio). MCY and CAY (for 199445). and 
MAY for the east coast population for the base case and various alternative assumptions. The MAY 
is the long-term average CAY. All yields are corrected for an assumed o v e m  of 10%. B, assumed 
to be 500 000 t except where indicated 

Assumptions Begbio (t) MCY (t) CAY (t) M A W )  

Base case: 2AB3A 46 000 2 100 2 800 2 700 

2AB3A, no mean length 43 000 2 300 2600  3000 

2AB3A. egg survey bias = 20% 58 000 2 300 3 500 3000 
2AB3A. no egg survey 162 000 3 800 9 700 4 900 
2AB3A, no egg survey, B, = 200 000 t 69 000 2 300 4 200 3000 

4.63 Estimation of Current Annual Yield (CAY) 

From the method of Francis (1992) and the biological parameters in Table 12 it was estimated that 
the CAY exploitation rate, E,, was 0.069. The long-term mean catch when fishing at this level is 
2.07% B, and the mean biomass is 29% B,. The sensitivity of the CAY estimate to changes in M and 
steepness is shown in Table 17. Estimates of CAY and MAY are given in Table 16. 

Table 17: The exploitation rate, Em,, for an orange roughy population, calculated for different values of M and 
steepness. -, not estimated 

Steepness 
0.50 0.75 0.95 

4.7 Decision analysis 

Foward projections were carried out over a 5-year period for the catch options shown in Table 18. 

Table 18: Seven catch options used in fonvard projections. These options describe total removals; the TACCs 
necessary to achieve these will depend on the level of future catch overrun that is assumed. Note that 
the MCY, and thus actual catch levels for each option, depend on which assumption is used (see 
Table 15). 

Option 1: slatus quo 
Option 2: reduce to MCY over 5 years 
Option 3: reduce to MCY over 4 years then hold at MCY 
Option 4: reduce to MCY over 3 years then hold at MCY 
Option 5: reduce to MCY over 2 years then hold at MCY 
Option 6: reduce to MCY immediately 
Option 7: zero catch (for comparison only) 



For each catch option, three measures of fishery performance were calculated. The first, P(Bl, > 
20% B J ,  is the probability that the biomass at the end of the 5-year period (mid-season biomass in 
1998-99) is greater than 20% B, (biomass levels below 20% B, axe considered risky to the stock). The 
second, P(B,, > 30% B,), is similar to the first, except that the reference biomass level is 30% B,. 
Note that 30% B, is approximately the mean biomass under a CAY fishing policy, which has been 
interpreted, in previous assessments of orange mughy and other species, as BMS, "the biomass required 
to sustain the MSY". The third performance measure, P(No collapse), is the probability that the 
biomass will not fall so low that the TACC will not be able to be caught (assuming that the 
exploitation rare in any year cannot exceed 0.67). 

Two performance criteria are suggested by these performance measures: (i) Francis (1992) 
recommended the requirement that P(B,, > 20% B,) > 0.9, and showed that this offered some 
protection against recruitment failure but was not so stringent as to cause a substantial loss of mean 
catch (under either MCY or CAY harvest policies); (ii) as BMsr can be regarded as a target biomass 
(for a CAY harvesting policy) it would seem prudent to insist that the biomass should be above this 
level at least half the time, i.e., P(Bl, > 30% B,) > 0.5. These two criteria will be referred to as the 
'safety' and 'target' criteria, respectively. 

For the base case, the seven catch 
options of Table 18 produce a wide 
range of values for the first two 
performance measures: from 0.04 to 
0.99 for P(B,, > 20% B,), and from 
0.00 to 0.77 for P(Bl, > 30% BJ 
(Table 19, Figure 8). Of the seven 
catch options, only option 7 satisfies 
both the above performance criteria, 
though option 6 almost does. The 
third performance measure did not 
give much help in choosing between 
the seven catch options for any of the 
analyses. For all except catch option 
1, P(No collapse) was always greater 
than or equal to 0.99 (Table 19; 
Figure 8D). This measure will not be 
discussed further. 

It may seem surprising that option 6 
(immediate reduction to the MCY) 
does not perform bear, as the MCY 
is, by definition, a safe harvesting 
level. The reason is that recent 
recruitment to the fishery is likely to 
have been poor (Figure 9A). This is 
the stock reduction analysis model's 
interpretation of the lack of change in 
mean length shown in Table 13. 
Further, because each year's 
recruitment consists of many year 
classes (because S, is large - see Table 
12), low recruitment in recent years 
implies low recruitment in the near 
future. Thus the rebuilding that 
would normally be expected, on 
average, with an MCY policy (the 

Mean B (% BO) A 
40 - ,P(B > 30% BO) C, 

Figure 8: Results of the base case forward pmJections, showing A, 
the mean biomass, as a percentage of B, (the dotted h e  Is at B,); 
B, the pmbabllity that mldaeason biomass Is  greater than 20% B, 
(points above the dotted h e  satisf'y the 'safety' performance 
criterion) ; C, the probabllity that midaeason biomass is greater 
than 30% B, (points above the dotted h e  satisfy the 'target' 
performance crlterlon); and D, the probabllity that the fishery wlll 
not "collapse", Le, that the blomass wlll not fall so low that the 
TACC wlll not be able to be caught. The numbers Ln each plot refer 
to the catch options (Table 17); year 19W refers to lishlng year 
1993-94, etc 



mean biomass with this policy is 50% 
B, see Section 3.5.1) does not 
immediately occur. 

An alternative interpretation of the 
lack of change in mean length is that 
orange roughy grow only very slowly 
after maturity, and therefore these 
data do not provide evidence of recent 
poor recruitment. Forward projections 
without the mean length data indicate 
recent recruitment would be only 
slightly below the mean recruitment 
expected from a virgin population 
(Fig. 9B), and thus would show a 
much greater degree of rebuilding. 
However, the performance measures 
for this option are very similar to 
those for the base case (Table 19) 
because, although there is more 
rebuilding in the "no mean length'' 
option, the estimate of B,, is lower 
than in the base case (Table 14). 

The results of the forward projections 
for the alternative stock hypotheses 
('2AB' and '2A') are, as with the 
stock reduction analysis biomass 
estimates, more optimistic than the 
base case. For both alternatives, catch 
options 5 to 7 satisfy the 'safety' and 
'target' criteria (Table 19). 

Mean recruitment (t) 
8000 

,Oo0 1 Total recruitment, 1995-99 = 18 500 t 

Mean recruitment (t) B 

1 

I Total recruitment, 1995-99 = 26 600 t 

Ffgure 9: Estimated mean recruitment over the period of the 
fishery, and the forward projections, as estimated in A, the base case 
stock reduction analysis; and B, the analysis without the mean length 
data. The horizontal dotted h e s  show the mean recruitment 
expected h m  virgin populations of the sizes estimated In each 
analysis (5300 t for panel A), 5800 t for panel B). Year 1985 refers 
to lishing year 1984-85, etc. 

When the forward projections assumed an egg survey bias of 20% the results were similar to those 
for the alternative stock hypotheses: again, only options 5 to 7 satisfy the 'safety' and 'target' criteria 
(Table 19). Similar results were obtained for the 'safety' criteria when the egg survey was omitted 
(Table 19): performance against the 'target' criteria was more optimistic. 



Table 19: Estimates of fishery performance measures for the base case (2AB3A) and various altemative 
assumptions, and the catch options of Table 18 

Assumption 
Performance ODtion 
measure 1 2 3 4 5 6 7 

Base case: 2AB3A P(Bl,,>2WoB,,) 0.04 0.37 0.50 0.67 0.80 0.89 0.99 
P(B,,, > 30% B,,) 0.00 0.08 0.15 0.21 0.30 0.43 0.77 
P(No"collapsen) 0.32 0.99 1.00 1.00 1.00 1.00 1.00 

2AB3A, no mean length P(B,,, > 2O%B,,) 0.06 0.37 0.52 0.66 0.77 0.86 0.99 
P(B,,, > 30% B,,) 0.01 0.09 0.14 021 0.28 0.38 0.73 
P(No "collapse") 0.39 099 1.00 1.00 1.00 1.00 1.00 

2AB3A. egg survey bias=20% P(BlW9 > WoBJ 0.15 0.61 0.71 0.83 0.91 0.96 1.00 
P(B,, > 30% B,,) 0.03 0.20 0.30 0.40 0.50 0.61 0.88 
P(No"collapseW) 0.61 1.00 1.00 1.00 1.00 1.00 1.00 

2AB3A. no egg survey P(B,, > 20%B,,) 0.71 0.83 0.86 0.88 0.90 0.93 1.00 
P(Bl,>3WoBJ 0.58 0.70 0.72 0.75 0.77 0.80 0.94 
P(NoWcollapse") 0.87 0.97 0.98 0.99 1.00 1.00 1.00 

2AB3A, no egg survey, P(B,,,>~WOB,,) 0.37 0.69 0.75 0.82 0.88 0.92 0.99 
B- = 200 000 t P(Bl, > 30% B,,) 0.19 0.42 0.49 0.55 0.63 0.69 0.88 

P(No "collapse") 0.68 0.97 0.99 1.00 1.00 1.00 1.00 

The values of the performance measures P(B,, > 20% B,,) and P(B,, > 30% BJ depend mainly on 
the total removals over the 5-year period, and only slightly on the way these removals a~ distributed 
over the period. Thus it is possible to estimate the maximum 5-year removal that satisfies both the 
'safety' and 'target' criteria This value is 9200 t for the base case, and ranges from 8400 t to 
25 000 t for projections based on alternative assumptions (Table 20). 

These values allow the evaluation of a wider range of catch options than those given in Table 18. If 
we consider options in which the TACC is left unchanged for 1 or more years before being reduced 
towards the MCY, then the following rule applies: a delay of 1 year in starting the TACC reduction 
is equivalent to a decrease of 2 years in the time period over which the reduction occurs. Thus, for 
example, an immediate reduction to the MCY over 5 years (option 2) is equivalent (in terms of total 
catch) to 1 year with no TACC reduction, followed by a reduction to the MCY over 3 years. 



Table 20: Maximum total removals (t) over the 5-year period 1994-95 to 1998-99 that will satisfy the 'target' 
and/or 'safety' performance criteria for the base case analysis and various alternative assumptions. 
B ,  assumed to equal 500 000 t except where indicated 

Assumption 
Performance criteria 

'safety' 'target' 'safety' & 'target' 

Base case: 2AB3A 10 400 9 200 9 200 

4.8 Effect of 199495 catch 

The effect of the 1994-95 catch can be summarised by the probability that the mid-year biomass will 
exceed 30% B, (B,). These probabilities are given in Table 21. 

Table 21: Probabilities, for the catch options in Table 18, that the mid-year biomass in 1994195 will exceed 30% 
B, (B,) for the base case assessment and various alternative assumptions. B ,  assumed to equal 
500 000 t except where indicated 

Assumption 

Base case: 2AB3A 0.31 0.33 0.33 0.34 0.36 0.45 0.50 

2AB3A. no mean length 0.14 0.15 0.15 0.16 0.18 023 026 

2AB3A, egg survey bias=20% 0.53 0.55 0.55 0.57 0.59 0.66 0.70 
2AB3A, no egg survey 0.84 0.84 0.84 0.84 0.85 0.87 0.88 
2AB3A,noeggsurvey,B,=200000t 0.65 0.66 0.66 0.67 0.69 0.73 0.75 

2AB3A, no mean length 8 800 8 400 8 400 

2AB3A. egg survey bias = 20% 17 400 17 300 17 300 
2AB3A, no egg survey 25 000 72 000 25 000 
2AB3A, no egg survey, B,, = 200 000 t 15 000 24 800 15 000 

5. MANAGEMENT IMPLICATIONS 

The base case assessment for orange roughy from Cape Runaway to Banks Peninsula indicates that 
the current TACC is not sustainable in the long term. Moreover, although current biomass is probably 
greater than B,, the fishery is near the end of the fishingdown phase, and there is a need to move 
from the initial high exploitation rate, typical of the fishingdown period, towards the lower 
exploitation rates that are sustainable in the long tenn. In order to satisfy the above 'safety' and 
'target' criteria the total removal over the next 5 years should not exceed 9200 t (see Table 20). This 
compares with total removals under a status quo policy (option 1) of 55 300 t (assuming 10% 
o v e m ) .  



Three major assumptions underpin this base case assessment. The first is the assumption that there 
is only one stock of orange roughy in the region (the '2AB3A' hypothesis). Support for this 
assumption comes from the lack of any known spawning concentrations in QMAs 2A, 2B, and 3A, 
apart from the Ritchie Hill and thereabouts, and also from the preliminary finding (based on allele 
frequency studies) that fish from these three areas are genetically similar and differ from their close 
neighbows on the Chatham Rise (so that it is unlikely that some fish from the region spawn on the 
Chatham Rise). 

Although the base case ('2AB3A') stock hypothesis is the most likely of the three considered, it is not 
yet possible to rule out the other two ('2AB' and '2A') because preliminary DNA analyses indicate 
a difference between Ritchie and Wairarapa samples. However, assessments based on these altemative 
hypotheses, although somewhat more optimistic than the base case, still indicate a need for catch 
reductions. In order to satisfy the 'safety' and 'target' criteria with the 2AB option, removals over 
the next 5 years should not exceed 14 500 t (compared to status quo removals of 42 642 t, assuming 
10% ovem) .  With the 2A option, removals should not exceed 11 900 t (compared to status quo 
removals of 35 123 t). For these alternative hypotheses, assessments are not presented for the whole 
region. Thus, with the '2AB' hypothesis, no assessment of the status of the fishery in ORH 3A is 
presented, and with the '2A' hypothesis, ORH 2B and ORH 3A are not assessed. 

The second major assumption underpinning the base case assessment is that the egg survey provides 
an unbiased estimate of absolute biomass. However, even if a negative bias of 20% is assumed, the 
maximum 5-year removal that satisfies the 'safety' and 'target' criteria is 17 300 t (see Table 20). 

The third assumption is that the lack of change in mean length indicates poor recruitment in recent 
years. If this assumption is omitted (i.e., the mean length data are not used) the assessment is more 
optimistic in tems of virgin stock size and rate of rebuilding, but more pessimistic in tems of c m n t  
status and 5-year removals. To satisfy the 'safety' and 'target' criteria, total removals from ORH 
2A/2B/3A in the next 5 years should not exceed 8400 t (see Table 20). There is no direct evidence 
concerning likely levels of recent and near-fum recruitment. The effects of uncertainty about 
recruitment are partially evaluated in the c o n m  between results from the base case analyses and 
those where the mean length data are omitted. 
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