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PLAIN LANGUAGE SUMMARY:

This report describes research done on an orange roughy fishery on the Challenger Plateau, west of
New Zealand, including a small area outside of New Zealand’s Exclusive Economic Zone known as
Westpac Bank. The stock was assessed used a computer population model fitted to various data. Those
data were fishery catches, scientific surveys of the spawning grounds using bottom trawls and acoustic
methods, and estimated ages of the fish, The newest data available to the research was an estimate of
the size of the spawning stock in 2023 from a survey.

Some substantial changes were made to the way the modelling was done. The most important was that
estimates of the size of the stock from different areas on the Challenger were added up to give a total
stock size. Previously, three areas (Volcano, West, and East) had been treated independently. There
were other changes to the way the productivity of the stock was estimated, the relative importance given
to each of the data sets, which data sets were included in the model, with some other changes to the
statistical settings of the model.

The size of the stock before fishing started (the virgin spawning stock size, By), was estimated to be
about 99 400 t, and the stock in 2024 reduced to about 35% of this level. The future productivity of the
stock was a concern. The stock was substantially reduced by fishing in the 1980s and 1990s, and if that
caused a reduction in reproduction, then the consequences will now be felt, as a current reduction in the
numbers of young fish arriving into the fishery.



EXECUTIVE SUMMARY

Dunn, M.R. ! (2024). Assessment of the Challenger Plateau orange roughy stock for 2024.
New Zealand Fisheries Assessment Report 2024/58. 42 p.

This report describes the assessment of the southwest Challenger Plateau and Westpac Bank orange
roughy stock (quota management area ORH 7A) completed in May 2024. The assessment was accepted
by the Fisheries New Zealand Deepwater Working Group and Plenary and used to update the scientific
information on the size and status of the stock.

The main data sets used were fishery catches, spawning ground trawl surveys, acoustic biomass surveys
of spawning aggregations, and age frequency compositions. The new data available for the 2024
assessment were catches since 2017-18, and an acoustic biomass survey estimate for 2023.

The 2024 assessment differed substantially from the previous (2019) assessment. The most notable
change was that the acoustic biomass estimates for the three known spawning areas (Volcano, West,
and East) were summed and used as a single index, rather than each assumed to provide an independent
index of spawning stock biomass (SSB). Additional changes were that one fishery was modelled instead
of two; recruitment was assumed to be deterministic and the natural mortality rate (M) was estimated
rather than recruitment estimated and M fixed; an empirical prior was used in the estimation of M; the
statistical weighting of the age data were substantially reduced; the FV Amaltal Explorer trawl survey
series was excluded (considered to be implausible/biased); and the informed q prior on the FV Thomas
Harrison trawl survey and the By prior were set to uniform.

The virgin spawning stock size (By) in the base case model run was estimated to be 99 400 t (95% CI
87 600 — 117 200t), and stock status (Baonas/By) was estimated to be 35% (16-57%). Incoming
recruitment was influenced by the stock-recruitment relationship and was assumed be declining because
of the spawning stock biomass (SSB) reduction in the 1980s. As a result, the stock was estimated to be
slowly declining. At the current Total Allowable Commercial Catch (TACC), the stock was expected
to continue to decline. To fully arrest the decline, the model estimated a (TACC) cut of 57% would be
required.

Summary

This report updates the Challenger and Westpac Bank orange roughy stock assessment for 2024. The
fishery, observational data from trawl surveys, acoustic surveys, and age composition data, and the
assessment model structure and assumptions, are described. The stock was estimated to be within the
lower end of the target zone and declining. The assessment was accepted for providing scientific advice.

! National Institute of Water and Atmospheric Research Ltd.
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1.

INTRODUCTION

The New Zealand orange roughy (Hoplostethus altanticus) Challenger Plateau stock consists of Quota
Management Area ORH 7A and a hill area just outside of New Zealand’s Exclusive Economic Zone
(EEZ) known as Westpac Bank (Figures 1 and 2). This report describes a fisheries characterisation
using fisheries data to the end of the 202223 fishing year (New Zealand fishing years start on 1
October), and a stock assessment completed in 2024. Prior to this, the last characterisation of fisheries
catch and effort used data to the end of the 2008—09 fishing year (Anderson & Dunn 2012), and the
previous accepted stock assessment was in 2019 (Cordue 2019; Fisheries New Zealand 2023).

Figure 1:

New Zealand Quota Management Areas for orange roughy. The star shows
position of the orange roughy spawning ground and survey area (Figure 2).
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Figure 2:

Location of the core survey strata for trawl surveys of orange roughy on Challenger Plateau.
The Central Flat (historical main spawning ground) is stratum 4; the Westpac Bank is strata 9
(bank) and 11 (hill features); the Pinnacles are in stratum 10. Figure reproduced from Doonan

et al. (2018).
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Figure 15: Maturity (=selectivity) curves for All6, All2, and 3series runs with YCS being estimated, and
without (deterministic YCS). Numbers in parentheses are the 95% CI). Solid line indicates the
median, dark shaded area the 75% CI, and light shaded area the 95% CI. Run numbers in the
titles were indices from model runs.

Figure 16: MPD fits (solid lines) to age frequencies (grey points) for the EEZ and Volcano for the All2 run.

20 e Assessment of the Challenger Plateau orange roughy stock for 2024 Fisheries New Zealand



34 Final biomass estimates

The All2 run was chosen by the Deepwater Working Group as a base model. The All6 run estimates
appeared to be at or close to By, and were relatively sensitive to model assumptions. The 3Series run
was analogous to the 2019 assessment, but the independence of the three acoustic series indexing SSB
was considered less plausible than the total acoustic estimates used in the All2 and All6 runs. The lack
of recent data in the All2 run was reflected in relatively high uncertainty in current stock status
(Table 8).

Virgin biomass (By) was estimated to be just under 100 000 t for all runs (Table 8). The main difference
between runs was the productivity (M) estimates, which led to different current SSB size and status.
For the base (All2) and 3Series runs, current stock status was estimated to be close to the lower bound
of the target biomass range of 30-50% By. For the All6 run, with a lower M, current stock status was
lower and between the hard (10% By) and soft (20% By) limits.

Table 8: MCMC estimates of estimated natural mortality rate (M), virgin biomass (Bo), stock status
(Bz02¢4 as %Bo), and probability of being in the target range (30-50% Bs) and below the soft
(20% By) and hard limit (10% By), for the base (All2) model, All6, and 3Series sensitivity runs.

M By(000t) Bap(%Bs) p(>30%Bo) p(<20%Bo) p(<10%By)

Base (All2) 0.033 99.4 35 0.66 0.07 0
(0.020-0.054) (87.6-117.2) (16-57)

All6 0.024 98.5 16 0.06 0.71 0.12
(0.016-0.037) (91.3-110.3) (8-35)

3Series 0.031 97.5 29 0.44 0.05 0

(0.020-0.045)  (89.3-110.5) (18-44)

In the base case, the stock status trajectory shows a steep decline to 11% By in 1991, reflecting the large
removals during the initial fish-down phase of this stock (Figure 17). From 1990, the All2 stock status
remains low and slowly rebuilds until an upturn from about 2000. Biomass is estimated to have peaked
in 2015 in all model runs, within the target range (All2 and 3Series runs) or just above the soft limit
(All6 run), before the increased catches (enabled by a Total Allowable Commercial Catch (TACC)
increase), combined with a reduction in recruitment, caused a levelling out and then decline of the
biomass trajectory after 2015.

All6 3Series Ali2

SSB2024 / Bo

o

0.0

T T T T T
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020

Fishing year (year ending)

Figure 17: MCMC estimated spawning-stock status (SSB2024/Bo) trajectory. The solid line shows the
median, the darker shaded areas covers 50% of the distribution, and the lighter shaded areas
95% of the distribution. The hard limit 10% By (dashed red), soft limit 20% By (dotted orange),
and biomass target range 30-50% By (green) are marked by horizontal lines.

The reduction in recruitment is a consequence of reduced SSB from the late 1980s, lagged by the
estimated age of selectivity and maturity (Aso) of about 34 years, finally entering the fishery. The model
predicts that recruitment will start to increase after about 2034 (2000 + 34) (Figure 18).
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Figure 18: MCMC estimates of YCS for an All6 model run estimating M with constant YCS. Left panel,
the YCS estimated by model year. Right panel, the recruitment arriving into the commercial
fishery (i.e., YCS + maturity Aso). The vertical broken line indicates the assessment year.

The target range for the exploitation rate (catch/SSB) was calculated from simulations: Model
projections were run across a range of constant future catches, the equilibrium exploitation rate for each
was calculated, and then an interpolation made to identify the exploitation rate leading to the target
depletion of 30—50% By. The exploitation rate was generally well above the target range (Usooszo—Usos0)
during the fishing down period (1982-1989), above the target range in the period 1990-1993, and
returning to the target range in the period 1994-1999. Subsequently, it was well below the target range
up until 2014, and from 2015 until 2024 it has remained in the lower half of the target range (Figures

19 and 20).
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Figure 19: Base (All2) run, MCMC estimated exploitation rate trajectory. The box in each year covers

50% of the distribution and the whiskers extend to 95% of the distribution. The fishing-
intensity range associated with the biomass target of 30-50% By is marked by the green shaded
area. The exploitation rate exceeds 100% for about 1% of model runs in 1987-88 and 1988-89
because the catch is the sum for the year, but the SSB is measured after half of the natural
mortality has been applied; this means that the fishery took the entire recruited SSB in these

cases.
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Figure 20: Historical trajectory of spawning biomass (%By) and fishing intensity (exploitation rate) for the
base (All2) model (medians of the marginal posteriors). The biomass target range of 30-50%
By and the corresponding exploitation rate target range are shaded in green. The soft limit (20%
By) is marked in orange and the hard limit (10% By) in red.

3.5 Projections

Five-year projections were conducted for a constant catch equal to the current TACC (2058 t),
0.8XxTACC, and 0.7<xTACC. A 5% catch over-run was assumed. At all future constant catch levels, the
SSB is predicted to decrease slowly over the next five years (Table 9), with for the base (All2) remaining
within the target biomass range and with at most a 19% probability of being below the soft limit, and
with at most a 2% probability of being below the hard limit, during the next five years. The TACC
reduction required for the predicted SSB in 2028-29 to be the same as 2023-24 was 0.43xTACC for
the base (AlI2) run, 0.30xTACC for the All6 run, and 0.46xXTACC for the 3Series run.
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Table 9: MCMC estimates of stock status (Bzoz24 as % Bo) for the base model (All2) and two sensitivity
runs with constant future catches, and the probability of the stock being above the soft limit
(20% By) and hard limit (10% By). SSB, spawning stock biomass; By, virgin biomass; TACC,
Total Allowable Commercial Catch.

SSB/By
All2
TACC
0.8xTACC
0.7xTACC
0.6xTACC
0.5xTACC
All6
TACC
0.8xTACC
0.7xTACC
0.6xTACC
0.5xTACC
3Series
TACC
0.8xTACC
0.7xTACC
0.6xTACC
0.5xTACC

2023-24

35 (16-57)
35 (16-57)
35 (16-57)
35 (16-57)
35 (16-57)

16 (8-35)
16 (8-35)
16 (8-35)
16 (8-35)
16 (8-35)

29 (18-44)
29 (18-44)
29 (18-44)
29 (18-44)
29 (18-44)

p(SSB>0.5) 2023-24

All2

TACC
0.8xTACC
0.7xTACC
0.6xTACC
0.5xTACC
All6
TACC
0.8xTACC
0.7xTACC
0.6xTACC
0.5xTACC
3Series
TACC
0.8xTACC
0.7xTACC
0.6xTACC
0.5xTACC

0.09
0.09
0.09
0.09
0.09

SO OO O

SO OO O

2024-25

34 (15-56)
34 (15-57)
34 (15-57)
34 (15-57)
34 (16-57)

15 (6-34)
15 (6-34)
15 (7-35)
15 (7-35)
16 (7-35)

28 (17-43)
28 (18-43)
29 (18-43)
29 (18-43)
29 (18-44)

2025-26

33 (14-56)
33 (14-56)
34 (15-56)
34 (15-57)
34 (15-57)

14 (5-33)
14 (6-34)
15 (6-34)
15 (6-34)
15 (6-35)

27 (16-42)
28 (17-43)
28 (17-43)
28 (17-43)
29 (18-44)

2026-27

32 (13-55)
33 (14-56)
33 (14-56)
34 (15-57)
34 (15-57)

12 (3-32)
14 (5-33)
14 (5-34)
15 (6-34)
15 (6-35)

26 (15-41)
27 (16-42)
28 (17-43)
28 (17-43)
29 (18-44)

2027-28

31 (11-54)
32 (13-55)
33 (14-56)
34 (14-57)
34 (15-58)

11 (2-31)
13 (4-33)
14 (4-33)
14 (5-34)
15 (5-35)

25 (14-40)
27 (15-42)
27 (16-42)
28 (16-43)
29 (17-44)

2024-25 202526 2026-27 2027-28 2028-29

0.08
0.08
0.08
0.08
0.09

SO OO O

SO OO O

0.07
0.08
0.08
0.08
0.09

S OO OO

S OO OO

0.06
0.07
0.08
0.08
0.09

SO OO O

S OO OO

0.05
0.06
0.07
0.08
0.09

SO OO O

S OO OO

0.05
0.05
0.07
0.08
0.10

SO OO O

S OO OO

2028-29

30 (10-53)
32 (12-55)
33 (13-56)
33 (14-57)
34 (15-58)

10 (1-30)
12 (3-32)
13 (3-33)
14 (4-34)
15 (5-35)

24 (13-39)
26 (14-41)
27 (15-42)
28 (16-43)
29 (17-44)
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p(SSB >0.3) 2023-24 2024-25 2025-26 202627 2027-28 2028-29

All2

TACC 0.66 0.63 0.60 0.56 0.53 0.49
0.8xTACC 0.66 0.64 0.62 0.60 0.58 0.56
0.7xTACC 0.66 0.64 0.63 0.62 0.60 0.59
0.6xTACC 0.66 0.65 0.64 0.64 0.63 0.62
0.5xTACC 0.66 0.65 0.65 0.65 0.65 0.65
All6

TACC 0.06 0.05 0.05 0.04 0.03 0.03
0.8xTACC 0.06 0.06 0.05 0.05 0.04 0.04
0.7xTACC 0.06 0.06 0.05 0.05 0.05 0.04
0.6xTACC 0.06 0.06 0.06 0.05 0.05 0.05
0.5xTACC 0.06 0.06 0.06 0.06 0.06 0.06
3Series

TACC 0.44 0.39 0.33 0.28 0.24 0.20
0.8xTACC 0.44 0.41 0.37 0.34 0.31 0.28
0.7xTACC 0.44 0.41 0.39 0.36 0.34 0.32
0.6xTACC 0.44 0.42 0.41 0.40 0.38 0.37
0.5xTACC 0.44 0.42 0.43 0.43 0.43 0.43
p(SSB <0.2) 2023-24 2024-25 2025-26 202627 2027-28 2028-29
All2

TACC 0.07 0.09 0.11 0.14 0.16 0.19
0.8xTACC 0.07 0.08 0.1 0.11 0.13 0.14
0.7xTACC 0.07 0.08 0.09 0.10 0.11 0.12
0.6xTACC 0.07 0.08 0.08 0.09 0.09 0.09
0.5xTACC 0.07 0.08 0.08 0.08 0.08 0.08
All6

TACC 0.71 0.75 0.79 0.82 0.85 0.87
0.8xTACC 0.71 0.75 0.77 0.79 0.81 0.83
0.7xTACC 0.71 0.74 0.76 0.78 0.79 0.81
0.6xTACC 0.71 0.74 0.75 0.76 0.77 0.78
0.5xTACC 0.71 0.73 0.74 0.74 0.75 0.75
3Series

TACC 0.05 0.08 0.12 0.16 0.21 0.27
0.8xTACC 0.05 0.07 0.10 0.12 0.15 0.17
0.7xTACC 0.05 0.07 0.09 0.10 0.12 0.14
0.6xTACC 0.05 0.07 0.08 0.09 0.10 0.11
0.5xTACC 0.05 0.06 0.07 0.07 0.07 0.08
p(SSB<0.1) 2023-24 2024-25 202526 202627 2027-28 2028-29
All2

TACC 0 0 0.01 0.01 0.02 0.02
0.8xTACC 0 0 0.01 0.01 0.01 0.01
0.7xTACC 0 0 0 0.01 0.01 0.01
0.6xTACC 0 0 0 0 0.01 0.01
0.5xTACC 0 0 0 0 0 0.01
All6

TACC 0.12 0.18 0.27 0.35 0.43 0.50
0.8xTACC 0.12 0.17 0.23 0.28 0.33 0.39
0.7xTACC 0.12 0.17 0.21 0.25 0.29 0.33
0.6xTACC 0.12 0.16 0.18 0.21 0.24 0.27
0.5xTACC 0.12 0.16 0.17 0.18 0.20 0.21
3Series

TACC 0 0 0 0 0 0.01
0.8xTACC 0 0 0 0 0 0
0.7xTACC 0 0 0 0 0 0
0.6xTACC 0 0 0 0 0 0
0.5xTACC 0 0 0 0 0 0
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4, DISCUSSION
4.1 Summary

The 2022 assessment differed from the Cordue (2019) assessment in the following ways:

e Acoustic SSB estimates for the three areas (Volcano, West, and East) were summed and used as a
single index, rather than each assumed to provide an independent index of SSB.

e  One fishery was modelled instead of two.

e Recruitment was assumed deterministic and M estimated, rather than recruitment estimated and M
fixed.

e An empirical prior was used in the estimation of M.
o The statistical weights (effective sample sizes) of the age data were substantially reduced.
o The FV Amaltal Explorer trawl survey series was excluded.

e The informed ¢ prior on the FV Thomas Harrison trawl survey, and the prior on By, were set to
uniform.

Concern remains that the stock status may be different from indicated by the base (All2) run, simply
because that run was not informed by any biomass data after 2013. Whilst this is an obvious problem,
the model run did assume deterministic recruitment, so the outcome in 2024 was influenced only by
catch history (not any YCS trend). In other words, if the acoustic surveys in 2011 and 2013 were
accurate and are adequately fit, and if deterministic recruitment is correct, then the model estimate in
2024 would change little with the addition of more recent accurate biomass data (although precision
should improve).

A more general concern is the absence of spawning aggregations in the west stratum in 2023, and the
east stratum in both 2018 and 2023. Further (survey) work is required to evaluate whether the survey
might have “missed” the fish. If the survey was accurate, and the fish are not there, then stock status is
more like the All6 run (16% By).

The recruitment “hole” arriving into the fishery in the 2020s is predicted from the stock-recruit
relationship, which is a model assumption. The Deepwater Working Group discussed the likely
influence of steepness (/) but considered it an unnecessary complication to the scientific advice at this
stage. If a recruitment “hole” is true, then a substantial catch reduction will be required to maintain or
rebuild biomass over the next decade or so. Note that the timing of this “hole” would be influenced by
the maturity Aso, meaning that if the true Aso was lower, then the recruitment hole would have arrived
earlier.

4.2 Future research

The Deepwater Working Group identified the following issues that require future consideration:

e Revise the acoustic survey design and implementation to maximise probability that abundance
estimates are obtained for all three aggregations (‘East’, ‘West’ and Volcano) in the same year.

e Reconsider the otolith sampling approach from acoustic surveys to maximise probability that
adequate otoliths are obtained from each aggregation and that these are obtained from multiple tows
to support the stock assessment.
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e Review current arrangements for sampling commercial catches for age to ensure that adequate
samples are being obtained from both spawning and non-spawning fisheries to support the
development of useable age frequencies.

e Review and update the acoustic g prior, in particular the assumption that 80% of the SSB is present
in the three surveyed areas.

e Review and update the natural mortality rate (M) prior.
e Run alternative models with either a strong M prior or a strong acoustic prior.
The author would add the following:

o Evaluate existing data, and preferably collect new data, to test the stock assumption. In particular,
evaluate whether the northwest Challenger (outside of the EEZ) is separate from the assumed ORH
7A stock.
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7. APPENDIX A: CASAL files

HHHHHHHEHHEHER
# population file #
HHHHHHEHHRHER

# PARTITION
@size_based False
@min_age 1
@max_age 100
@plus_group True
@sex_partition False
@mature_partition True
@n_areas 1

# TIME SEQUENCE
@initial 1911
@current 2024
@final 2174
@annual_cycle
time_steps 2

# recruitment
recruitment_time 1

# spawning
spawning_time 2
spawning_part_mort 0.5
spawning_p 1

# growth and mortality
aging_time 1

M_props 10

baranov False

# maturation
n_maturations 1
maturation_times 1

# fishery

fishery_names fishery #EEZ Westpac

fishery_times 2 #2

# RECRUITMENT
@y_enter 1
@standardise_YCS True
@recruitment

YCS_years 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929
1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973
1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2018 2019 2020 2021 2022 2023

YCS111111111111111
111111111111111111

SR BH
steepness 0.75
sigma_r 1.1
first_free 1925
last_free 1995

# recruitment variability

@randomisation_method lognormal

# FISHERIES

@fishery fishery

years 1981 1982
1993 1994
2005 2006
2017 2018

catches 43 5523
2296 1819
166 229
1704 1869

selectivity SELspawn

1983
1995
2007
2019
15391
1718

1670

11
11

1111111
1111111

1984
1996
2008
2020
12386
1752

1990

11
11

1985
1997
2009
2021
6652
1374
252

2178

111
111

11
11

1986
1998
2010
2022
10079
1577
361
2301

111111
111111

1987
1999
2011
2023
14940
1311
505
1860

111
111

1988
2000
2012
2024
15836
660
536
1860

1111
1111

1111111111111111111

1989
2001
2013

12801
0
815

1990
2002
2014
5171

574

1991
2003
2015
1561

1674

1992
2004
2016
2102

1646
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U max 0.8

# MATURITY
@maturation
rates_all logistic_producing 1 100 30 3

# SELECTIVITIES

@selectivity names SELspawn #SELvolcano
@selectivity SELspawn

mature constant 1

immature constant 0

# NATURAL MORTALITY
@natural_mortality
all 0.045

# SIZE AT AGE
@size_at_age_type von_Bert
@size_at_age_dist normal
@size_at_age

k 0.065

t0-0.5

Linf 34.2

cv10.10

cv2 0.05

by_length True
@size_weight

a9.21e-8

b 2.71

# INITIALISATION
@initialization
BO 130000

I
# estimation file #
HHHEHHHHHHEHEHE

# ESTIMATION
@estimator Bayes
@max_iters 1000
@max_evals 3000
@grad_tol 0.0001

#MCMC
@MCMC

start 0

length 5000000
keep 1000
stepsize 0.06
burn_in 1000

@proportions_at AFreq

years 1987 2006 2009 2018

step 2

proportion_mortality 0.5

sexed F

sum_to_one True

at_size False

plus_group True

ogive SELspawn

min_class 15

max_class 100

ageing_error True

1987000000000 0 0.00656168 0.003937008 0.01706037 0.01312336 0.01312336 0.01049869 0.03674541 0.01574803
0.0144357 0.01181102 0.0183727 0.02230971 0.01049869 0.02493438 0.0183727 0.02230971 0.0183727 0.03018373
0.03149606 0.01968504 0.04724409 0.01968504 0.02493438 0.02493438 0.04199475 0.01574803 0.03805774 0.02493438
0.009186352 0.02362205 0.02624672 0.01968504 0.01312336 0.01706037 0.01574803 0.02099738 0.02887139 0.00656168
0.01181102 0.01312336 0.002624672 0.01312336 0.01968504 0.007874016 0.009186352 0.002624672 0.001312336
0.01049869 0.00656168 0.00656168 0.009186352 0 0.01181102 0 0.005249344 0.009186352 0.005249344 0 0.00656168
0.01049869 0 0.001312336 0.00656168 0.003937008 0.002624672 0 0.005249344 0 0 0.003937008 0.007874016
0.001312336 0 0.00656168 0 0.01968504

2006 0 0 0.0008532423 0.002559727 0.001706485 0.001706485 0.004266212 0.005119454 0.005119454 0.01706485
0.03754266 0.0665529 0.04522184 0.06484642 0.05887372 0.02645051 0.04095563 0.04692833 0.008532423 0.03242321
0.08532423 0.02986348 0.03924915 0.0162116 0.0443686 0.03156997 0.03583618 0.01535836 0.01279863 0.05119454
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0.02389078 0.01194539 0.01706485 0.006825939 0.004266212 0.003412969 0.006825939 0.01962457 0.004266212
0.001706485 0.01279863 0.01279863 0.001706485 0.005972696 0.002559727 0.005119454 0 0 0.002559727 0.003412969 0
0000 00.006825939 0 0 0.001706485 0.0110921500 0 0 0.001706485 0 0 0 0.001706485 000 0 0 0 0.0008532423 000
000000

2009 0 0 0.001703578 0 0.001703578 0.003407155 0.0306644 0.02896082 0.01873935 0.02725724 0.02725724 0.04770017
0.03236797 0.02214651 0.07325383 0.03577513 0.07495741 0.03407155 0.04770017 0.04599659 0.03918228 0.04940375
0.02896082 0.03918228 0.04088586 0.02385009 0.03407155 0.02896082 0.02725724 0.005110733 0.0306644 0.005110733
00.005110733 0.00681431 0.005110733 0.001703578 0.008517888 0 0.005110733 0.003407155 0.008517888 0.008517888
0.003407155 0 0 0.003407155 0 0 0.003407155 0.00681431 0.001703578 0.005110733 0000 0 0 0 0.005110733000000
0.0017035780000000.0102214700000000000

2018 0 0 0 0 0.005060266 0 0.006761356 0.01002867 0.01268612 0.0146093 0.01844751 0.02278862 0.01672607
0.01019668 0.01251519 0.008008393 0.01998815 0.02982031 0.04219187 0.01733302 0.03176847 0.02335195 0.03298992
0.04931774 0.02693554 0.03646654 0.02449202 0.03340329 0.03163068 0.05372512 0.04284767 0.03743045 0.02181655
0.0348701 0.04319939 0.02246943 0.0179859 0.02329616 0.01198962 0.0125024 0.02281883 0.008449655 0.009778681
0.009010675 0.009834479 0.004297498 0.002530133 0.004963169 0.004455632 0.002292933 0.008403726 0.003914957
0.001997012 0.006246265 0.002372 0.003083599 0.006552056 0 0 7.906665e-05 0.00312429 0.003552761 0.001265066
0.004448078 0.002570824 0.004264361 0 0.003795199 0.0008569413 0.0001581333 0000 0 0 0.00039533330000
0.0005534666 0 0 0 0.004284706

dist multinomial

r 0.00001

N_1987 10 #60

N_2006 10 #60

N_2009 10 #60

N_2018 10 #60

@proportions_at AFreqVol

years 2014 2018

step 2

proportion_mortality 0.5

sexed F

sum_to_one True

at_size False

plus_group True

#ogive SELvolcano

ogive SELspawn

min_class 15

max_class 100

ageing_error True

20140000 00.003 0 0.008 0.006 0.002 0.007 0.007 0.006 0.01 0.011 0.019 0.027 0.038 0.016 0.037 0.033 0.036 0.042
0.058 0.034 0.037 0.046 0.042 0.042 0.032 0.03 0.034 0.037 0.03 0.013 0.022 0.026 0.025 0.022 0.029 0.015 0.012 0.008
0.009 0 0.012 0.004 0.007 0.004 0.009 0.012 0 0.005 0.003 0.004 0 0 0.003 0.009 0.003 00 0.00300.0060000000000
00.003000000000

2018000000000000 00.00708502 0.008097166 0 0.01315789 0.01518219 0.01518219 0.001012146 0.01315789
0.003036437 0.03340081 0.02732794 0.008097166 0.009109312 0.02125506 0.01923077 0.05161943 0.02327935
0.0354251 0.00708502 0.04048583 0.02631579 0.02935223 0.03441296 0.03846154 0.01923077 0.02226721 0.03340081
0.03036437 0.02024291 0.02327935 0.0111336 0.02732794 0.03137652 0.01315789 0.02631579 0.02024291 0.0111336
0.01619433 0.02834008 0 0.02530364 0 0.008097166 0.008097166 0.01315789 0.01720648 0.02024291 0.005060729
0.02125506 0 0 0 0.005060729 0.00708502 0 0 0 0 0.0111336 0.01315789 00 0 0 0 0 0.002024291 0.0091093120000
0.01923077

dist multinomial

r 0.00001

N_2014 10 #60

N_2018 5 #30

@ageing_error
type normal
c0.1

# Amaltal Explorer trawl indices; excluded from base run
@relative_abundance Amaltal
step 2

biomass True

ogive SELspawn
proportion_mortality 0.5

dist lognormal

q Amaltalq

years 1987 1988 1989

1987 75040

1988 28954

1989 11062

cv_1987 0.33

cv_1988 0.34

cv_19890.23
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@estimate

parameter g[Amaltalq].q
lower_bound 0.10
upper_bound 2.00

prior uniform-log

}

# Thomas Harrison trawl indices
@relative_abundance Thomas
step 2

biomass True

ogive SELspawn
proportion_mortality 0.5

dist lognormal

q Thomasq

years 2006 2009 2011 2012 2013 2018
2006 13987

2009 34864

2011 18425

2012 22451

2013 18993

2018 48038

cv_2006 0.34

cv_2009 0.31

cv_20110.33

cv_20120.27

cv_2013 0.55

cv_2018 0.55

@estimate

parameter g[Thomasq].q
lower_bound 0.10
upper_bound 2.00

prior uniform-log

@relative_abundance aco

step 2

biomass True

ogive SELspawn

proportion_mortality 0.5

dist lognormal

q acoAllq

years 2009 2013

2009 22697 # one of two in All2
#2010 10953

#2011 13647

2013 20107 # two of two in All2
#2018 13800

#2023 8132

cv_2009 0.26

#cv_20100.12

#cv_2011 0.32

cv_20130.15

#cv_2018 0.08

#cv_2023 0.17

@estimate

parameter q[acoAllq].q
lower_bound 0.01
upper_bound 1.5

prior lognormal

mu 0.8

cv 0.30

# blocks for the 3series run
@relative_abundance acoVol
step 2

biomass True

ogive SELvolcano
proportion_mortality 0.5

dist lognormal

q acoVolq

years 2005 2006 2014 2018 2023
2005 2682

Fisheries New Zealand

Assessment of the Challenger Plateau orange roughy stock for 2024 e 31



2006 6329
2013 4559
2014 3954
2018 3834
2023 8132
cv_2005 0.39
cv_2006 0.39
cv_2013 0.34
cv_20140.29
cv_2018 0.16
cv_2023 0.17
cv_process_error 0.2

@estimate

parameter gq[acoVolq].q
lower_bound 0.01
upper_bound 1.5

prior lognormal

mu 0.18

cv 0.30

@relative_abundance acoEast
step 2

biomass True

ogive SELspawn
proportion_mortality 0.5
dist lognormal

q acoEastq

years 2009 2010 2013
2009 8471

2010 1707

2013 5365

cv_2009 0.61
cv_20100.34

cv_2013 0.26
cv_process_error 0.35

@estimate

parameter g[acoEastq].q
lower_bound 0.01
upper_bound 1.5

prior lognormal

mu 0.22

cv 0.30

@relative_abundance acoWest
step 2

biomass True

ogive SELspawn
proportion_mortality 0.5
dist lognormal

q acoWestq

years 2005 2006 2009 2010 2011 2013 2018
2005 4210

2006 4383

2009 13555

2010 8114

2011 13340

2013 10183

2018 9966

cv_2005 0.53

cv_2006 0.59

cv_2009 0.22
cv_20100.14
cv_20110.33

cv_2013 0.22

cv_2018 0.09

@estimate

parameter g[acoWestq].q
lower_bound 0.01
upper_bound 1.5

prior lognormal

mu 0.41

cv 0.30
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@q acoVolq
q0.3

@q acoWestq
q0.5

@q acoEastq
q0.5

}
@q_method free

@acoAllg
q0.7

@q Thomasq
q0.7

@estimate

parameter maturation[1].rates_all
lower_bound 10 1

upper_bound 100 100

prior uniform

@estimate

parameter initialization.BO
lower_bound 30000
upper_bound 200000
prior uniform

@estimate

parameter natural_mortality.all
lower_bound 0.01
upper_bound 0.1

prior lognormal

mu 0.078

cv 1.2

# YCS not estimated in base run

@estimate

parameter recruitment.YCS
lower_bound1111111111111110.010.010.010.010.010.010.010.010.010.010.010.010.010.010.010.010.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.010.010.010011111111111111111111111111111

upper_bound 11111111111111110101010101010 101010 10 101010101010 10 10 10 10 10 10 10 10 10 10

101010101010101010101010101010101010101010101010 1010 101010101010 1010 10 10 10 10 10 10

101010101111111111111111111111111111

prior lognormal

mu 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
111111

cv 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

}

# CATCH PENALTIES
@catch_limit_penalty
label CatchPenalty
fishery fishery
multiplier 200
log_scale T
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8. APPENDIX B: MCMC chains
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Figure 8.1: MCMC posterior samples for the All2 model run. Panels from top, Bo, B2024, B2024/Bo, M.
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Figure 8.2: MCMC posterior samples for the All6 model run. Panels from top, Bo, B2024, B2024/Bo, M.
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Figure 8.3: MCMC posterior samples for the A3series model run. Panels from top, Bo, B2024, B2024/Bo, M.
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9. APPENDIX C: Implied residuals to age frequency data from MCMC estimates

Run41: All6_det
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Figure 9.1: EEZ 1987 age frequency MCMC implied residuals for various model runs with acoustic series
All2, All6, and 3series, estimating YCS (ycs) or with constant recruitment (det), and with the
Amaltal Explorer series (no label) or without (noAm).
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