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1. Purpose 
 
This paper presents an updated stock assessment for orange roughy on the North, Central and South 
Louisville, the West Norfolk Ridge, Lord Howe Rise, and Northwest Challenger Plateau. Assessments 
for the other Tasman Sea stocks, the South Tasman Rise and the Westpac Bank, are not provided. The 
assessment includes simulation studies to determine how precisely and accurately the 2019 
assessment of orange roughy on the Central Louisville Ridge could estimate stock size and status with 
‘perfect’ data, and as data became noisier and model assumptions mis-specified. Estimates of the 
minimum pre-fishing biomass for the Central, South, and North Louisville Ridge stocks, the West 
Norfolk Ridge stock, the Lord Howe Rise stock, and Northwest Challenger Plateau stock, are provided 
as the best available information on which to base management advice.  
 

2. Background 
 

There are seven recognised fished stocks of orange roughy in the High Seas region of the southwest 
Pacific (SC5-DW14). As in previous stock assessment research, we excluded the south Tasman Rise 
stock as it has not been fished for some years (SC5-DW14), leaving six stocks for consideration 
(Table 1). The straddling stock that includes domestic NZ waters and the Westpac bank is not 
considered here (SC7-DW07).  
 

Table 1: Southwest Pacific High Seas orange roughy stocks considered for assessment. Catches refers to the 
catch history used in the most recent assessment, which is described in the last assessment report. AF, age 
frequency composition data; LF, length frequency composition data; M, natural mortality rate; 
‘Selectivity/maturity’ means fishery selectivity and maturity were assumed to be equal; YCS year class 
strength; B0, virgin biomass.  

Stock Last 
assessment 
report 

Catches AF LF Estimated parameters 

Louisville 
Ridge Central 
(LC) 

Cordue (2019) 
SC7-DW05  

1993 to 
2019 

1995, 
2013–15 

1995, 2003/04, 
2010–2015, 
2017 

151 parameters:  
M (1), Selectivity (3), 
Selectivity/maturity (2), B0 
(1), L@A CV (2), YCS (142) 

Louisville 
Ridge North 
(LN) 

Cordue (2019) 
SC7-DW05 

1993 to 
2019 

None None 1 parameter (B0); all others 
assumed the same as LC, 
with minimum exploitation 
rate added 

Louisville 
Ridge South 
(LS) 

Cordue (2019) 
SC7-DW05 

1993 to 
2019 

None None 1 parameter (B0); all others 
assumed the same as LC, 
with minimum exploitation 
rate added 

Northwest 
Challenger 
(NWC) 

Cordue (2020) 
SC8-DW10  

1989 to 
2020 

1993, 
2013, 
2018 

None 132 parameters:  
Selectivity (3), 
Selectivity/maturity (2), B0 
(1), YCS (126) 

Lord Howe 
Rise (LHR) 

Cordue (2020) 
SC8-DW10 

1988 to 
2020 

None None 1 parameter (B0); all others 
assumed the same as NWC, 
with minimum exploitation 
rate added 

West Norfolk 
Ridge (WNR) 

Cordue (2017) 
SC5-DW14 

1996 to 
2015 

None None 1 parameter (B0); all others 
assumed the same as five NZ 
stocks, with minimum 
exploitation rate added 
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The initial assessment method described in SC5-DW14 used model parameters from five different 
New Zealand domestic stocks that described the productivity (although these were not independent 
because they shared the same model structural assumptions). These model parameters were 
combined with the catch history for High Seas stocks to estimate virgin biomass (termed B0).  
SC5-DW14 identified a minimum biomass that would have not incurred a catch limit penalty (termed 
Bmin). In the software used (CASAL; Bull et al., 2012), the catch limit penalty would occur when any 
exploitation rate (i.e., any fish age, year, and fishery) exceeded a specified level, which was set at 0.67. 
In SC5-DW14, Bmin was assumed to occur at the lower 95% credible interval of the model B0 estimates 
(we have not confirmed this, but it is a likely approximation). SC5-DW14 also reported the probability 
of stocks being above limit reference points (LRPs), yield estimates, and exploitation rates. These 
quantities were not linked to Bmin, but to a range of B0 estimates with the upper bound being 
constrained by a minimum assumed exploitation rate; however, the use of a minimum exploitation 
rate is not conventional. In the absence of fitting to any relevant data, the quantities will be highly 
uncertain, and potentially misleading. The Bmin estimate may be more compelling but will be strongly 
influenced by year class strength patterns, which were taken from those estimated for domestic NZ 
assessments.   
This method was then extended in SC7-DW06 and SC8-DW10 by conducting actual statistical 
assessments for the Louisville Ridge Central stock, and Northwest Challenger stock, and using 
parameters from these assessments, assessed adjacent stocks in lieu of using models parameters from 
the New Zealand in-zone stocks (Table 1). The scientific advice from these assessments was no longer 
an estimate of the Bmin, but was the B0, Bcurrent, and yield estimates. After this extension, the only stock 
that remained informed by NZ domestic stock parameter estimates was the West Norfolk Ridge.   
One of the New Zealand domestic stock assessments used methods provided in SC5-DW14 and has 
recently been shown to have had undesirable statistical properties (linked to over-parameterisation; 
where more parameters are being estimated than can be informed by the data), and in a revised 
assessment, the previously estimated patterns of year class strength and estimates of average 
productivity (natural mortality rate) were substantially changed and became more consistent with a 
priori expectations (Dunn et al., 2022). One of the sets of parameter estimates used to inform the 
West Norfolk Ridge stock assessments has therefore been revised. The concern about over-
parameterisation in orange roughy stock assessment models is pronounced for the Louisville Ridge 
Central and Northwest Challenger stock assessments because the number of parameters being 
estimated is large and the data are sparse, with expected high variability in those data (Table 1). The 
only new data available to stock assessments for 2022 are updated catch histories, and age 
composition data for Lord Howe Rise (Saunders et al., 2021).  
Long term yield estimates from SC5-DW14 were based on an estimated natural mortality rate (M) and 
stock recruitment steepness (h). From SC7-DW05, the long-term yield that would bring the stock to 
the target level of depletion (35% B0) with M=0.03 yr-1 and h=0.6 was approximately 1% of B0. The 
stock recruitment steepness (h) of 0.6 was based upon analyses presented in the NZ domestic ORH7A 
and Mid-East Coast stocks (although Dunn et al. (2022) found that h could not be reliably estimated 
in the Mid-East Coast assessment), with changes to the model structure natural mortality rate (M) 
estimated to be close to 0.045 yr-1. With M=0.045 and h=0.75 the long-term yield achieving 35% B0 
was estimated to be about 2.0–2.3% of B0 (Table 16 of Cordue 2014). This is a little higher than 
maximum constant yield (MCY) and current annual yield (CAY) estimates which were 1.40–1.51% B0 
and 1.84–1.99% B0 respectively (with M=0.05 and h=0.75; Fisheries New Zealand 2018). Assumptions 
concerning age of recruitment and selectivity to the fisheries, age at maturity, growth, variability in 
year class strength, and risk thresholds (e.g., the stock falls below 20% B0 less than 10% of the time) 
will also influence sustainable yield estimates (Francis 1992).  
The orange roughy research task for 2022 was to update the stock assessments for the north, central 
and South Louisville Ridge, the Lord Howe Rise, the West Norfolk Ridge, and the Northwest Challenger 
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Plateau. This was undertaken in two parts: (1) an evaluation of the existing stock assessment model 
approach (SC7-DW05 and SC8-DW10) for precision and accuracy, following a concern that the models 
may be over-parameterised and potentially unreliable; and (2) if the modelling approach was 
acceptable, then updating the assessments, and if the modelling approach was not acceptable, to 
produce estimates of the minimum biomass for each stock (Bmin).   
We chose the Louisville Ridge Central stock as the basis for our evaluation of the simulation modelling 
investigations because this assessment had the most data available, and would allow two other 
adjacent stocks to be quickly assessed (North and South Louisville Ridge).  
 

3. Methods 
3.1 Louisville Central stock assessment 
The CASAL (Bull et al., 2012) stock assessment files for the Central Louisville Ridge stock describing all 
observational data and model assumptions were obtained from SC7-DW05. The CASAL model 
incorporated the following structural assumptions, estimated parameters, and observation data: 

• one stock, ages 1 through 150 with a plus group at age 150 
• sex and maturity partitions (model keeps track of numbers by age, sex, and maturity) 
• one area 
• model years 1845 through 2019 
• one annual time step 
• natural mortality rate (M) of 0.045 yr-1 
• logistic-producing proportions mature-at-age   
• fixed sex-specific Schnute length-at-age relationship, with a normal distribution describing the 

spread of length at age 
• fixed length-weight relationship   
• Beverton-Holt stock-recruitment relationship, with steepness (h) of 0.75 
• no ageing error assumed 
• 2 fisheries: named “cluster3” and “mainpop” 

 
The following parameters were estimated for SC7-DW05: 

• B0 (average pre-fishing biomass) 
• Natural mortality (M) with an informative prior distribution 
• YCS (year class strengths) for years 1845 through 1986, with lognormal prior with 𝐸𝐸[𝑌𝑌𝑌𝑌𝑌𝑌] =

26489122130 and CV = 2980.958 (referred to as a “nearly uniform” prior in SC7-DW05) 
• Maturity-at-age parameters A50 and Ato95 
• Length-at-age spread at ages 1 and 150 (CV1 and CV2) 
• Fishery selectivity curve parameters for each the 2 fisheries: cluster3 had a 3-parameter 

double normal (domed) ogive applied only to the mature partition; mainpop had constant 
selectivity for the mature partition such that for this fishery maturity = selectivity; both 
fisheries had selectivity set to zero for the immature partitions 

 
The data available to the SC7-DW05 assessment were: 

• Fishery catches for 1993 through 2019 
• Catch-at-age composition data for the two fisheries for 1995, 2013, 2014, and 2015 
• Catch-at-length composition data for the two fisheries for 1995, 2004, 2010, 2011, 2012, 2013, 

2014, 2015, and 2017 
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The only new data used in the present study (2022) were updated catches, estimated using New 
Zealand effort and estimated catch data obtained from Fisheries New Zealand.   
 

3.2 Simulation model 
The simulation modelling trials were used to determine how well the estimation model (EM) settings 
described in SC7-DW05 could estimate parameters from observational data that was simulated by an 
operating model (OM) having the same structure and assumptions. The assumptions (configuration) 
of the OM and EM could be varied, such that the EM could either have correct or incorrect 
assumptions. For example, the OM could have an M of 0.03, but the EM assumed 0.045; or the EM 
could have perfect knowledge of M, but the OM but could have trends in YCS whereas the EM assumed 
constant recruitment.     
The model framework used was a purpose-built R package for simulating population dynamics and 
observational data (Doonan et al., 2015). The operating model was simplified and assumed only a 
single (combined) sex, and a single fishery, and had the following characteristics:  
Operating model settings: 

• One stock, ages 1 through 150 with a plus group at age 150 
• Logistic maturity-at-age with A50 = 30 and Ato95 = 5 
• One length-at-age relationship (parameters for Schnute female from SC7-DW05) 
• One length-weight relationship (parameters from SC7-DW05) 
• 200 years of no exploitation (“init” period), followed by 27 years of exploitation (“expl” period) 
• One fishery with catches being the sum of cluster3 and mainpop fisheries from SC7-DW05 
• Fishery selectivity assumed the same as maturity  

Observation data simulated by the operating model: 

• Catch-at-age composition data for the fishery for 1995, 2013, 2014, and 2015 
 
Length data could be simulated but were excluded because such data are, in practice, weakly 
informative for orange roughy (Branch 2001; Dunn et al., 2008). The simulations therefore focused on 
age data (as should be the case for real assessments).  

Configuration options for the OM included: 

• B0 values of 25000, 50000, 75000, and 100000 
• M values of 0.030, 0.045, and 0.060 
• YCS values set to 1 for the “init” and “expl” periods, or set to a 26-year sinusoidal cycle with a 

minimum value 0.25 and a maximum value of 4 with a random cycle start year 
• Catch-at-age as multinomial observation data generated in “expl” years 3, 21, 22, and 23, 

corresponding to CASAL model years 1995, 2013, 2014, and 2015 
The EM settings were also varied to investigate the accuracy and precision of the parameter estimated 
compared to the known true values of the OM. This included changing the multinomial error (effective 
sample size) of the age frequency compositions. 
 

3.3 Bmin estimates 
An estimation of the minimum initial biomass that could have supported the catches (Bmin) can still be 
made even if the ‘best’ estimate of stock size and status cannot credibly be made. Here, we have 
assumed Bmin is the minimum initial biomass that did not incur a catch penalty (deterministic 
calculation), or that incurred a catch penalty less than 5% or 10% of the time (stochastic calculation). 
The catch penalty in the likelihood is incurred if any part of the partition (age-sex-year) suffers an 
exploitation rate greater than 0.67. The models used to do this either use all fixed parameters 
(deterministic) or allow the model to estimate selectivity/maturity with all other parameters fixed 
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(stochastic). Year class strengths were assumed constant in all estimates, and M fixed at either 0.03 
or 0.045 yr-1.  
The stochastic calculation ran models across a grid of fixed B0 and M values, with MCMC chains of 1.1 
million sampled every 1000 steps, with the first 100 samples excluded as a ‘burn-in’. This left 1000 
samples from which to estimate the negative log likelihood, catch penalty, and selectivity parameters, 
for each permutation. The stochastic calculation was used for stocks having age frequency data, being 
the Central Louisville Ridge and Lord Howe Rise.   
The deterministic calculation also ran models across a grid of fixed B0 and M values, but with all 
parameters fixed. The maturity/selectivity parameters were taken from the Central Louisville Ridge 
model having the relevant M; these settings are reported in the results.    
The results reported for the stochastic calculation are the lowest B0 where less than 5% or 10% of the 
model runs incurred a catch penalty. The results for the deterministic calculation are the lowest B0 
that did not incur any catch penalty.     

 
4. Results 
4.1 The Louisville Ridge Central stock assessment  
The assessment presented in SC7-DW05 included data for catches, age frequencies, and length 
frequencies. Length frequency data are generally unreliable for orange roughy because lengths are 
influenced by sex ratio (because males and females reach different lengths) which can be highly 
variable, and a small change in length can be interpreted as a large change in age (see e.g., Dunn et 
al., 2022). Regardless, likelihood profiles from SC7-DW05 suggested neither age nor length 
frequencies contained much information on B0 (Figure 1). Although likelihood profiles from MPDs can 
be misleading in over-parameterised models (Dunn et al., 2022), at face value Figure 1 shows the 
upper bound to biomass was almost entirely determined by the B0 prior, with the observational data 
contributing very little. The B0 prior is statistically convenient, rather than representing any prior 
knowledge on B0, and will have little to no influence in stock assessments where data are informative. 
 

 
Figure 1: Reproduction of Figure B5 from SC7-DW05. Base model MPD: likelihood profile for B0. The relative 
negative log likelihood is shown for each data set and the priors at fixed values of B0. The total negative log 
likelihood is offset from zero by an arbitrary amount.  
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Two fisheries were assumed in the assessment presented in SC7-DW05. One was for a southern 
feature where predominantly younger fish were found, referenced as “Cluster 3” (Figure 2). The age 
frequencies for this fishery were fitted using a double normal selectivity ogive, but only to fish in the 
mature model partition. This meant (a) the age at which fish were first selected was partially due to 
the age of maturity, which was the age of selectivity for the other fishery, and (b) the selectivity and 
therefore availability of older fish could be varied by the model. The age at which fish were first 
selected for Cluster3 was therefore confounded with maturity (on the left-hand side, lower age) and 
older ages were confounded with natural mortality rate (on the right-hand side, higher ages). The 
selectivity assumptions for Cluster3 ensured that the correct distribution of ages were removed from 
the population, but the confounding meant that the age data likely contributed very little to estimates 
of stock size and status.   
The key data to tell the model about stock size and status were therefore the age frequency 
compositions for the second fishery, on and around the features Mt. Whales and Mt. Ghost 
(referenced as “Cluster1&2”; Figure 2). The extended age structure for this fishery suggested a very 
low natural mortality rate, and/or recruitment trends, and/or younger fish absent because of skipped 
spawning. Certainly, a model with constant recruitment, logistic maturity, and M = 0.045 yr-1 would 
likely not be able to fit the extended age distributions well. The information on stock size and status 
in the model came from the difference in the age frequency for 1995 compared to those for 2013–15. 
The latter were so close together in time that they effectively constituted a single sample. The age 
frequency for 1995 seemed likely poorly sampled, with a distribution at age that was almost bimodal 
around ages 40 and 80, rather than an expected exponential decline. By eye, it is difficult to see clear 
evidence of the expected increase in proportions of recruiting fish between 1995 and 2013–15; this 
would be an increase at proportions at age from recruitment to recruitment + years between the 
samples, roughly ages 30 to 50 (Figure 2). The information available to the model on stock size and 
status therefore appears weak.   
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Figure 2: Reproduction of Figure 7 from SC7-DW05. Scaled age frequencies for cluster 1&2 and cluster 3 in 
1995, 2013–15 as used in the base model. N is the number of tows sampled for otoliths. These age frequencies 
were produced by giving equal weights to males and females.  

 
The final stock assessment model estimates were Bayesian, being informed by a combination of 
observational data and priors (Bull et al., 2012). If the data are weakly informative, the priors will have 
greater influence. In SC7-DW05, a normal prior on M, and a uniform-log prior on B0  were used. Other 
parameters in SC7-DW05 had uniform priors, although constrained by bounds (which are a prior if 
they constrain parameter estimates). When all observational data were removed from the model, and 
MCMC estimation completed, the stock size and status were being determined only by the priors and 
were very similar to the equivalent runs in SC7-DW05 (Table 2). With a uniform prior on M, the most 
influential component of the likelihood becomes the B0 prior (see Figure 1). Between the B0 bounds 
of 20 000 t and 200 000 t, the median of the B0 prior is 63 423 t; this is very close to the MCMC estimate 
of B0 in the “Uniform M” run (Table 2). These results indicate the data contained very little information 
on B0, specifically very little information on the median B0 (the credible intervals were narrower when 
data were included). Therefore, the estimates presented in SC7-DW05 were essentially made from 
models uninformed by data. This is likely due to uninformative data, combined with a substantially 
over-parameterised stock assessment model.  
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Table 2: MCMC estimates of Louisville Ridge Central orange roughy stock size, from Table 6 of SC7-DW05, 
and from the same models where all observational data (age and length frequency distributions) were 
excluded; estimated from MCMC sampled from a chain of length 3 million. A further sensitivity run with a 
Ricker stock recruitment model produced the same result as the Base case; this is expected because the 
duration of the fishery was less than the age of recruitment to the fishery, so the stock recruitment model 
would have no influence (although it would in sustainable yield estimates). Uniform M, uniform prior on M. 

        SC7-DW05                    No data 
Model run Median 95% CI  Median 95% CI 
Base 71 34–117  71 21–185 
Uniform M 63 31–114  64 21–134 

 
 

4.2 Simulation studies: How many parameters might be estimated 
The following sections 4.2 – 4.5 describe results from the simulation experiments. The real Louisville 
Ridge Central assessment is then revisited in section 4.6 applying lessons learned from the simulations.  
With the settings of the assessment model presented in SC7-DW05, the estimation model gave a 
similar B0 and stock status (B2019/B0) despite changes in the true operating model B0 (Table 3a). The 
stock was estimated to be smaller when the true M was higher, again irrespective of the true B0. When 
the estimation of year class strength (YCS) was removed, the estimated B0 was a little more responsive 
to the true value but still substantially underestimated, being worse at higher M (Table 3b). When the 
estimation of M was also removed (leaving just selectivity and B0 estimated), the estimated B0 was a 
little more responsive again, but still underestimated B0 and was less accurate at higher M (Table 3c).  

 
Table 3: Operating model settings for M and B0, and estimation model results, for the orange roughy Central 
Louisville Ridge simulations. For the estimation model, the B0 and B2019/B0 are the medians, with numbers in 
parentheses showing the range obtained from re-sampling of the age frequency observations. The B0 of the 
operating model, and median B0 from the estimation model, are shaded to help comparisons. Each simulation 
describes the estimated parameters; all other parameters in the estimation models were set to the operating 
model values (i.e., perfect knowledge).  

Operating model Estimation model 
(a) Estimating B0, logistic selectivity, M, and YCS, with original weighting of age frequencies  
M B0 B2019/B0 B0    B2019/B0    
0.03 25 000 0.496 28 725 (26 270 - 31 530) 0.438 (0.407 - 0.510) 
0.03 50 000 0.749 34 465 (31 810 - 38 410) 0.443 (0.423 - 0.537) 
0.03 75 000 0.833 36 235 (32 390 - 42 070) 0.446 (0.421 - 0.504) 
0.03 100 000 0.875 36 730 (33 520 - 41 010) 0.448 (0.424 - 0.510) 
0.045 25 000 0.618 18 945 (17 450 - 21 200) 0.447 (0.414 - 0.514) 
0.045 50 000 0.810 22 005 (19 740 - 24 660) 0.477 (0.445 - 0.555) 
0.045 75 000 0.873 23 115 (20 870 - 25 760) 0.484 (0.462 - 0.571) 
0.045 100 000 0.905 23 430 (20 970 - 27 360) 0.486 (0.464 - 0.596) 
0.06 25 000 0.710 14 565 (13 340 - 16 210) 0.412 (0.351 - 0.503) 
0.06 50 000 0.855 15 925 (14 490 - 18 520) 0.448 (0.413 - 0.608) 
0.06 75 000 0.904 16 450 (14 800 - 19 250) 0.462 (0.431 - 0.583) 
0.06 100 000 0.928 16 425 (14 940 - 19 400) 0.465 (0.434 - 0.643) 
 
(b) Estimating B0, logistic selectivity, and M, with original weighting of age frequencies  
0.03 25 000 0.496 26 900 (24 640 - 29 720) 0.573 (0.514 - 0.626) 
0.03 50 000 0.749 50 825 (42 550 - 62 770) 0.769 (0.723 - 0.813) 
0.03 75 000 0.833 63 230 (49 720 - 77 550) 0.812 (0.755 - 0.847) 
0.03 100 000 0.875 68 465 (45 590 - 85 320) 0.826 (0.738 - 0.858) 
0.045 25 000 0.618 23 925 (22 330 - 25 800) 0.597 (0.561 - 0.632) 
0.045 50 000 0.810 39 210 (31 470 - 46 460) 0.755 (0.691 - 0.797) 
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0.045 75 000 0.873 45 985 (38 350 - 58 580) 0.789 (0.745 - 0.839) 
0.045 100 000 0.905 51 760 (42 280 - 70 960) 0.812 (0.768 - 0.864) 
0.06 25 000 0.710 21 240 (19 990 - 23 720) 0.580 (0.548 - 0.634) 
0.06 50 000 0.855 29 160 (26 510 - 33 280) 0.698 (0.663 - 0.742) 
0.06 75 000 0.904 33 605 (29 000 - 38 870) 0.739 (0.694 - 0.776) 
0.06 100 000 0.928 35 840 (30 590 - 44 610) 0.756 (0.710 - 0.805) 
           
(c) Estimating B0, and logistic selectivity, with original weighting of age frequencies  
0.03 25 000 0.496 24 465 (22 870 - 25 860) 0.486 (0.450 - 0.513) 
0.03 50 000 0.749 42 435 (36 380 - 49 750) 0.705 (0.655 - 0.748) 
0.03 75 000 0.833 51 970 (41 120 - 67 150) 0.759 (0.696 - 0.813) 
0.03 100 000 0.875 57 750 (42 200 - 75 080) 0.783 (0.704 - 0.833) 
0.045 25 000 0.618 24 090 (22 310 - 25 930) 0.604 (0.572 - 0.632) 
0.045 50 000 0.810 40 860 (32 600 - 48 740) 0.767 (0.708 - 0.805) 
0.045 75 000 0.873 48 995 (40 010 - 62 640) 0.806 (0.763 - 0.848) 
0.045 100 000 0.905 55 200 (44 190 - 75 030) 0.828 (0.785 - 0.873) 
0.06 25 000 0.710 23 690 (21 640 - 27 300) 0.693 (0.664 - 0.734) 
0.06 50 000 0.855 38 410 (32 990 - 46 080) 0.811 (0.780 - 0.843) 
0.06 75 000 0.904 47 725 (37 910 - 59 930) 0.848 (0.809 - 0.879) 
0.06 100 000 0.928 50 975 (41 430 - 70 510) 0.858 (0.825 - 0.897) 

 
With upweighted age frequency observations (effective sample size increased from the original 8–42 
to 491 throughout), estimates were much closer to the true value when B0 was small, but increasingly 
underestimated B0 as B0 increased (Table 4a). Even with ‘perfect’ information, where error on age 
frequencies was removed, there was a negative bias in B0 estimates (Table 4b).   
 
Table 4: Operating model settings for M and B0, and estimation model results, for the orange roughy Central 
Louisville Ridge simulations. For the estimation model, the B0 and B2019/B0 are the medians, with numbers in 
parentheses showing the range obtained from re-sampling of the age frequency observations. The B0 of the 
operating model, and median B0 from the estimation model, are shaded to help comparisons. Each simulation 
describes the estimated parameters; all other parameters in the estimation models were set to the operating 
model values (i.e., perfect knowledge).  

Operating model Estimation model 
(a) Estimating B0 and logistic selectivity, with upweighted age frequencies 

M B0 B2019/B0 B0    B2019/B0    
0.03 25 000 0.496 24 700 (23 140 - 26 160) 0.491 (0.457 - 0.519) 
0.03 50 000 0.749 47 725 (39 450 - 61 720) 0.737 (0.682 - 0.797) 
0.03 75 000 0.833 68 010 (49 230 - 116 300) 0.816 (0.746 - 0.893) 
0.03 100 000 0.875 81 165 (45 120 - 182 800) 0.846 (0.723 - 0.932) 
0.045 25 000 0.618 24 370 (22 410 - 26 420) 0.608 (0.575 - 0.639) 
0.045 50 000 0.810 45 910 (32 810 - 62 170) 0.793 (0.710 - 0.847) 
0.045 75 000 0.873 63 595 (43 970 - 99 340) 0.851 (0.784 - 0.904) 
0.045 100 000 0.905 78 310 (56 080 - 184 200) 0.879 (0.831 - 0.949) 
0.06 25 000 0.710 24 285 (22 050 - 28 890) 0.701 (0.671 - 0.749) 
0.06 50 000 0.855 43 935 (35 410 - 58 670) 0.835 (0.796 - 0.877) 
0.06 75 000 0.904 62 100 (41 880 - 105 700) 0.884 (0.827 - 0.931) 
0.06 100 000 0.928 72 320 (48 480 - 175 400) 0.900 (0.851 - 0.959) 
           
(b) Estimating B0 only, with upweighted age frequencies, and no error on age frequencies 

M B0 B2019/B0 B0    B2019/B0    
0.03 25 000 0.496 24 710 (24 710 - 24 710) 0.490 (0.490 - 0.490) 
0.03 50 000 0.749 49 100 (49 100 - 49 100) 0.744 (0.744 - 0.744) 
0.03 75 000 0.833 73 470 (73 470 - 73 470) 0.829 (0.829 - 0.829) 
0.03 100 000 0.875 95 910 (95 910 - 95 910) 0.869 (0.869 - 0.869) 
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0.045 25 000 0.618 24 370 (24 370 - 24 370) 0.608 (0.608 - 0.608) 
0.045 50 000 0.810 47 530 (47 530 - 47 530) 0.800 (0.800 - 0.800) 
0.045 75 000 0.873 69 610 (69 610 - 69 610) 0.863 (0.863 - 0.863) 
0.045 100 000 0.905 90 310 (90 310 - 90 310) 0.895 (0.895 - 0.895) 
0.06 25 000 0.710 23 900 (23 900 - 23 900) 0.695 (0.695 - 0.695) 
0.06 50 000 0.855 45 460 (45 460 - 45 460) 0.840 (0.840 - 0.840) 
0.06 75 000 0.904 65 140 (65 140 - 65 140) 0.889 (0.889 - 0.889) 
0.06 100 000 0.928 82 730 (82 730 - 82 730) 0.912 (0.912 - 0.912) 

 
With upweighted and accurate age frequency compositions, and perfect knowledge of selectivity 
(maturity), M, and YCS, the estimation model was therefore able to provide B0 estimates close to the 
true value (within about 4% at lower M, 7% at moderate M, and 17% at higher M) (Figure 3; Table 4). 
However, as uncertainty was added to the age data, and more parameters estimated, the accuracy 
declined (Figure 3; Table 4).  
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Figure 3: MPD estimates of B0 for operating models with three levels of M and four levels of B0 (y-axis and 
grey horizontal lines), for different selections of parameters estimated, and different age frequency 
composition weighting (y-axis). The option to the far left on the x-axis is B0 estimation only, with upweighted 
age frequencies and the estimation model having perfect knowledge of all other parameters (including M). 
The option to the far right has the estimation model settings presented in SC7-DW05.    

 

4.3 Simulation studies: Incorrect specification of natural mortality rate 
The consequences of assuming an incorrect M value were substantial, and at low M were positively 
biased, meaning that unlike previous examples the B0 estimates were not conservative (Table 5). 
However, when the true M was lower than assumed in the estimation model, the B0 estimates ran to 
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the upper bound. This may be expected, because to match the slow rate of decline in numbers with 
increasing age that results from a low M, a model with higher M would tend towards a larger stock 
(so the age structure was as extended as possible given the catch). When the M in the estimation 
model was higher than the true M, the model estimated a small B0, and was relatively unresponsive 
to different B0 in the operating model. When the operating and estimation models had the same M, 
the estimation model got reasonably close to the operating model B0.     

 
Table 5: Influence of getting M wrong in the estimation model; operating model settings for M and B0, and 
estimation model results, for the orange roughy Central Louisville Ridge simulations. All estimation models 
assumed an M of 0.045 yr-1, and the prior on B0 was uniform (previously uniform-log). For the estimation 
model, the B0 and B2019/B0 are the medians, with numbers in parentheses showing the range obtained from 
re-sampling of the age frequency observations. The B0 of the operating model, and median B0 from the 
estimation model, are shaded to help comparisons. In each simulation all other parameters in the estimation 
models were set to the operating model values (i.e., perfect knowledge). 

Operating model Estimation model (M = 0.045 throughout) 
M B0 B2019/B0 B0    B2019/B0    
0.03 25 000 0.50 38 280 (31 780 - 46 120) 0.75 (0.701 - 0.794) 
0.03 50 000 0.75 200 000 (190 700 - 200 000) 0.95 (0.950 - 0.953) 
0.03 75 000 0.83 200 000 (196 500 - 200 000) 0.95 (0.952 - 0.953) 
0.03 100 000 0.88 200 000 (198 600 - 200 000) 0.95 (0.952 - 0.953) 
0.045 25 000 0.62 24 530 (22 600 - 26 590) 0.61 (0.578 - 0.641) 
0.045 50 000 0.81 47 145 (34 780 - 62 760) 0.80 (0.727 - 0.848) 
0.045 75 000 0.87 65 340 (45 960 - 100 600) 0.85 (0.793 - 0.905) 
0.045 100 000 0.91 83 400 (55 360 - 200 000) 0.89 (0.828 - 0.952) 
0.06 25 000 0.71 20 835 (19 670 - 22 650) 0.54 (0.514 - 0.578) 
0.06 50 000 0.86 27 630 (25 260 - 30 710) 0.66 (0.623 - 0.689) 
0.06 75 000 0.90 31 500 (27 640 - 37 330) 0.70 (0.655 - 0.745) 
0.06 100 000 0.93 33 380 (28 810 - 41 090) 0.72 (0.669 - 0.768) 

 
 

4.4 Simulation studies: Incorrect specification of year class strength 
The consequences of assuming deterministic recruitment when true recruitment was variable were 
not as pronounced as incorrect specification of M and were closest to the estimation model values 
when only B0 was estimated (Table 6). These simulations had variable recruitment and a greater error 
in the observed age frequencies, so were moving away from the ‘perfect knowledge’ of previous 
simulations, although observed age frequencies were still unbiased. When both B0 and selectivity 
parameters were estimated, the B0 was negatively biased (this happened throughout) and far from 
the true value; in the worst case the estimated B0 was about 34% of the true B0. This may be because 
the selectivity parameters influence the ages over which the model is extracting a biomass signal, so 
the two are somewhat confounded. The estimation model did better when M was added to the 
estimated parameters (albeit still very inaccurate at higher operating model B0), even though the 
estimation model not estimating M was assuming the correct M; presumably, estimating M was 
correcting for some recruitment patterns.  

 
Table 6: Influence of variable recruitment in the observation model but constant recruitment assumed in the 
estimation model. All estimation models assumed an M of 0.045 yr-1, the prior on B0 was uniform-log, and age 
frequencies were upweighted (EFS = 491). The operating model assumed year class strength cycled every 26 
years, with a minimum year class strength of 0.25 and maximum 4.0, but the starting point in the cycled varied 
between simulation runs. For the observation model the B0 was 25kt, 50kt, 75kt, or 100kt, and the spawning 
stock biomass at the start of the fishery is reported as Binit. (initial); this varied because of the variability in 
recruitment cycles (shown as the numbers in parentheses) and was greater than the B0 because the year class 
strengths had a lognormal distribution. In the estimation models, the Binit. and B2019/Binit. are the medians, with 
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numbers in parentheses showing the range obtained from re-sampling of the age frequency observations plus 
variability in year class strength patterns. The Binit. of the operating model, and median Binit. from the 
estimation model, are shaded to help comparisons. In each simulation all other parameters in the estimation 
models were set to the operating model values (i.e., perfect knowledge). 

Operating model  Estimation model 
Estimate B0 only 

Binit.  
B2019/ 
Binit.   Binit.  

B2019/ 
Binit.  

34 745 (30 649–38 739) 0.73 (0.66–0.79)  32 300 (22 770–199 500) 0.71 (0.58–0.95) 
69 490 (61 299–77 478) 0.86 (0.82–0.92)  58 125 (31 360–200 000) 0.84 (0.71–0.95) 

104 235 (91 949–116 217) 0.91 (0.87–0.96)  84 615 (34 380–200 000) 0.89 (0.72–0.95) 
138 980 (122 598–154 956) 0.93 (0.90–0.98)  97 015 (37 400–200 000) 0.90 (0.75–0.95) 
Estimate B0 and selectivity 
34 745 (30 650–38 769) 0.73 (0.66–0.79)  27 400 (21 280–200 000) 0.65 (0.55–0.95) 
69 490 (61 299–77 478) 0.86 (0.82–0.92)  39 175 (27 700–200 000) 0.76 (0.66–0.95) 

104 235 (91 949–116 217) 0.91 (0.87–0.96)  46 065 (29 690–200 000) 0.79 (0.68–0.95) 
138 980 (122 599–154 956) 0.93 (0.90–0.98)  47 690 (30 340–200 000) 0.80 (0.69–0.95) 
Estimate B0 and selectivity and M 
34 745 (30 650–38 769) 0.73 (0.66–0.79)  27 635 (10 282–191 111) 0.66 (0.49–0.96) 
69 490 (61 299–77 478) 0.86 (0.82–0.92)  40 360 (16 640–191 289) 0.78 (0.62–0.96) 

104 235 (91 949–116 217) 0.91 (0.87–0.96)  52 340 (17 992–191 345) 0.83 (0.64–0.96) 
138 980 (122 599–154 956) 0.93 (0.90–0.98)  60 480 (19 856–191 391) 0.85 (0.67–0.96) 

 

4.5 Simulation studies: MCMC estimates 
A single OM, with only B0, or B0 and selectivity estimated by the EM, was conducted to see how well 
the assessment method might perform under MCMC parameter estimation. This can be viewed as a 
‘best case’ scenario as the age frequency composition samples were unbiased, and the EM had perfect 
knowledge of growth, natural mortality rate (0.045 yr-1), and year class strength (deterministic). The 
B0 in the OM was 50 000 t.  
The MCMC results suggested the EM might estimate B0 within about 20% of the true value (Table 5). 
However, the true value for B0 could be outside of the 95% CI from the EM. This was presumably 
because there was only one age frequency sample from 1995, so sampling error in that year could 
result in a pattern of age frequencies that provided a spurious biomass signal. By estimating selectivity 
as well, the EMs did not get any closer to the OM B0 (it was closer in three runs, further away in two).   
 
Table 5: Estimates of B0 (95% CI in parentheses) from estimation models estimating B0, or B0 and selectivity 
parameters, using data from five different draws of an operating model (OM) having a B0 of 50 000 t (each 
draw providing different sampled age frequency distributions).   

OM draw Estimate B0 only  Estimate B0 and selectivity 
1 47 415 (39 831 – 60 379)  47 997 (39 689 – 62 803) 
2 54 495 (44 198 – 72 710)  51 206 (41 645 – 70 837) 
3 41 027 (35 495 – 49 493)  40 761 (34 794 – 50 374) 
4 59 968 (46 970 – 85 883)  57 167 (45 059 – 83 048) 
5 41 527 (35 868 – 50 828)  38 118 (32 410 – 46 278) 

 
 

4.6 Investigations with the Central Louisville Ridge stock assessment model 
In trials with the real Central Louisville Ridge stock, the age frequency distributions are potentially no 
longer unbiased, and growth (including sex ratio), natural mortality rate, and year class strength 
patterns may be incorrect.  Of course, we do not know what the true B0 is, so we are primarily 
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concerned with looking at the stability and precision of B0 estimates as different assumptions are used 
in the estimation model.  
The MPD estimate from the ‘base’ model was a B0 of about 53 000 t (Table 6). This estimate was only 
changed when the M was fixed and assumed to be 0.045, and when age frequencies were upweighted 
(higher effective sample size). Changing the B0 prior, and the assumed Umax on the catch penalty, and 
removing parameters from the estimation after fixing them at, or close to, the MPD estimates, made 
little difference. 
 
Table 6: MPD model estimates for the Louisville Ridge Central stock. The base model estimated B0, selectivity 
parameters, M, and year class strengths (YCS).  Likelihood estimates are shown only for the length and age 
frequency data. The selectivity parameters are shown for the logistic selectivity on Cluster 1&2 (maturity is 
set equal to this selectivity ogive), and the right-hand side parameters (RHS) of the double normal selectivity 
on Cluster 3.  Age frequencies (AF) were upweighted in run 9 by multiplying the effective samples sizes by 10. 
* means fixed. 

Run Settings AF+LF  
likelihood 

B0 B2019/B0 M A50 Ato95 RHS YCS 

1 Base 484.4 53 039 0.66 0.030 27.2 1.0 45.0 Estimated 
2 Remove YCS 

estimation 
488.9 52 089 0.75 0.029 28.7 4.7 44.0 Deterministic 

3 M = 0.045 504.2 107 
479 

0.91 0.045* 32.8 8.7 40.4 Deterministic 

4 (4) with fixed 
selectivity 

508.4 175 
354 

0.95 0.045* 30.0* 3.0* 25.0* Deterministic 

5 M = 0.03 489.1 52 883 0.78 0.030* 28.8 4.9 43.9 Deterministic 
6 (5) with fixed 

selectivity 
493.9 47 651 0.73 0.030* 30.0* 3.0* 25.0* Deterministic 

7 (6) with uniform 
B0 prior 

493.8 52 513 0.76 0.030* 30.0* 3.0* 25.0* Deterministic 

8 (7) with Umax = 
0.95 

493.8 52 513 0.76 0.030* 30.0* 3.0* 25.0* Deterministic 

9 (8) with 
upweighted AFs  

n/a 88 826 0.86 0.030* 30.0* 3.0* 25.0* Deterministic 

 

The MCMC estimates for estimation models assuming a lower M of 0.03 yr-1 produced wide credible 
intervals (Table 7). When the upper bound on the B0 prior was increased from 200 000 t to 500 000 t, 
the model estimated a wider CI and accordingly a higher median B0. It was thought that the higher 
Umax might have reduced the lower quantile of the B0 95% CI slightly, but this did not happen. The 
upweighting of the age frequencies did increase precision, but the CI remained very wide. Upweighting 
the age frequencies is of little value if they do not have a structure consistent with the assumed 
population dynamics.  
 
Table 7: MCMC results for B0 (95% CI in parentheses) for the Louisville Ridge Central model. Estimates used a 
MCMC chain of length 3 million. M was fixed at 0.03 in all runs. In runs 2-4 the upper bound on the B0 prior 
was extended from 200 000 t to 500 000 t, and selectivity parameters were fixed (at fixed values shown in 
Table 6). Age frequencies (AF) were upweighted in run 4 by multiplying the effective samples sizes by 10.  

Run Settings B0  
1 Estimating B0 and selectivity 82 643 (39 846 – 167 118) 
2 Run (1) fixing selectivity, B0 prior having higher upper bound 151 848 (46 690 – 477 925) 
3 As (2) with Umax = 0.95 148 393 (47 283 – 475 529) 
4 As (2) with upweighted AFs 131 130 (76 712 – 426 215) 
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These investigations suggest there is little information on stock size and status in the age and length 
frequency data. This was suspected from visual examination of the age data (see Figure 2). Precision 
of biomass estimates was very poor, and the assumed upper bound of the B0 influential in determining 
the median estimate. 
 

4.7 Bmin estimates 
For the Central Louisville Ridge, the stochastic Bmin estimates were about 26 000 t, and the 
deterministic estimates about 22 000 t (Table 8). The selectivity parameters with M = 0.03 and B0 of 
26 000 t were A50 = 33 and Ato95 = 11 years for the Cluster1&2 fishery, and A50 = 27.5, sigmaL = 19, and 
sigmaR = 53 years. The selectivity parameters with M = 0.045 and B0 of 28 000 t were A50 = 40 and 
Ato95 = 16 years for the Cluster1&2 fishery, and A50 = 18, sigmaL = 23, and sigmaR = 42 years. The 
Cluster1&2 fishery selectivity parameters for each M were then assumed for the single fisheries in the 
Louisville Ridge North and South and West Norfolk Ridge stocks. Only deterministic estimates of Bmin 
were made for these three stocks (Table 8).   
The previous assessment of Lord Howe Rise used parameters from the Northwest Challenger 
assessment. However, as new age data were available in 2022 (Saunders et al., 2021), we used these 
data to conduct a discrete Lord Howe Rise Bmin estimation. The age data for 1989–1993 were sparse 
and so were combined into a single age frequency centred on 1990, and 2013 and 2015 were input as 
separate years (Figure 6). No detailed analyses were conducted of the age data, and the age frequency 
distributions were treated as random samples and therefore unweighted. The age frequencies 
showed the expected change following exploitation, with the proportion at age increasing at younger 
ages following fishing, i.e., a decrease in average age (Figure 7). In this study, the Lord Howe Rise and 
Northwest Challenger Plateau models were not used to estimate stock size and status but only Bmin, 
where the stochastic version included estimation of logistic selectivity parameters for a single fishery 
on Lord Howe Rise, and of one logistic and one domed selectivity for Northwest Challenger Plateau 
(Table 8; Figures 8 & 9). Example MCMC diagnostics for Central Louisville Ridge, Lord Howe Rise, and 
Northwest Challenger Plateau stochastic estimates are shown in Annex I.  
 
Table 8: Bmin estimates (t) for different assumed M, stochastic estimated probability of incurring the catch 
penalty (5% or 10%), and deterministic estimate (all parameters fixed). 

                                 5%                               10%              Deterministic 
 M=0.030 M=0.045 M=0.030 M=0.045 M=0.030 M=0.045 
Louisville Ridge Central 26 000 28 000 25 000 26 000 21 000 23 000 
Louisville Ridge North – – – – 8 000 8 000 
Louisville Ridge South – – – – 11 000 10 000 
West Norfolk Ridge – – – – 3 000 3 000 
Lord Howe Rise 12 000 11 000 12 000 11 000 12 000 11 000 
Northwest Challenger 11 000 9 000 11 000 9 000 11 000 9 000 

 
A sensitivity run increased the exploitation rate at which the penalty was incurred from 0.67 to 0.85. 
This was tested for the Lord Howe Rise and produced the same results, with a Bmin of 12 000 t with M 
of 0.03, and 11 000 t with M of 0.045.    
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Figure 4: Top panel, the estimated negative-log likelihood for fixed B0 values for the Central Louisville Ridge 
and M = 0.030 yr-1; the increase to the left-hand side is due primarily to the increase in the catch penalty. 
Bottom panel, the fraction of model estimates that incurred the catch penalty at each fixed B0. Broken 
horizontal lines indicate 10% and 5%.   
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Figure 5: Top panel, the estimated negative-log likelihood for fixed B0 values for the Central Louisville Ridge 
and M = 0.045 yr-1; the increase to the left-hand side is due primarily to the increase in the catch penalty. 
Bottom panel, the fraction of model estimates that incurred the catch penalty at each fixed B0. Broken 
horizontal lines indicate 10% and 5%.   
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Figure 6: Age frequency distributions used in the model for Lord Howe Rise. Top panel, 1989–93; middle panel, 
2013; lower panel, 2015.   
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Figure 7: Cumulative proportions at age for Lord Howe Rise. Solid lines, combined 1989–1993; broken dark 
line, 2013; broken light line, 2015. 
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Figure 8: The fraction of model estimates that incurred the catch penalty at each fixed B0 for Lord Howe Rise. 
Top, M = 0.03; Bottom, M = 0.045. Broken horizontal lines indicate 10% and 5%.   
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Figure 9: The fraction of model estimates that incurred the catch penalty at each fixed B0 for Northwest 
Challenger Plateau. Top, M = 0.03; Bottom, M = 0.045. Broken horizontal lines indicate 10% and 5%.   

 

4. 8 Northwest Challenger Plateau 
 
The most recent assessment of the Northwest Challenger Plateau by Cordue 2020 SC8-DW10 used 
data to the end of the 2019–20 fishing year. No new data were available for 2020–21, and catches 
reported by New Zealand vessels for 2020–21 were zero.  
Likelihood profiles for the 2020 Northwest Challenger assessment were very similar to those for the 
Central Louisville model, showing the data were providing little or no information on the upper bound 
of stock biomass (Figure 10). Cordue 2020 SC8-DW10 limited the upper bound of the biomass by 
assuming a minimum exploitation rate. The biomass estimates were found to be sensitive to the 
assumed minimum exploitation rate (over the range 3-7%), but insensitive to other model assumption 
changes (e.g., in M) which is consistent with the data containing little information on stock size. Stock 
size was therefore between Bmin and whatever upper bound was assumed; because the upper bound 
is a poorly informed assumption this makes the median estimate unreliable. 
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Figure 10: Reproduction of Figure B7 from Cordue (2020). Base model MPD: likelihood profile for B0. The 
relative negative log likelihood is shown for each data set and the priors at fixed values of B0. The total 
negative log likelihood is offset from zero by an arbitrary amount. 
 
The age data used in the assessment are shown in Figure 11. The data for the ‘Short’ fishery in 1993 
did not have the expected exponential decline. The age distributions for the ‘Short’ fishery in 2013 
and 2018 were very similar. The ‘Long’ fishery age distribution for 2013 was poorly sampled and should 
probably be discounted. The ‘Long’ age frequencies for 1993 and 2018 suggested a change in 
selectivity but the shape of the age composition was otherwise similar (Figure 12).  

 

 
Figure 11: Age frequency distributions as used in the Northwest Challenger stock assessment by Cordue 
(2020).  
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The expectation for age data viewed in cumulative plots is that the more recent sample (2018) would 
have a shallower slope between the age of recruitment and ages above about 70 (age at recruitment 
+ duration of the fishery) due to the relatively high abundance of recruiting ages since the fishery 
started. Also, the gap between cumulative curves would increase if the level of depletion was higher.  
The observations suggested a change in selectivity took place, with younger ages becoming more 
available, but the proportions at age for the ‘long’ fishery were otherwise little changed (the curve 
just looks as if it was shifted to the left). Conversely, the ages for the ‘short’ fishery suggested a 
substantial decline in older ages with average age declining by about 20 years.  The direction of change 
in the cumulative age plots are, however, as expected, even if the scale and shapes were not as 
theoretically expected. 
 

 
Figure 12: Cumulative proportions at age for northwest Challenger. Solid lines, 1993; dashed line, 2013; dotted 
line, 2018. 

 
Similar to the Central Louisville assessment, the information in the ‘short’ fishery age data was 
reduced by fitting a domed selectivity ogive (this seemed appropriate for the fishery). The year class 
strengths were estimated, although M was not, meaning the model was still very likely to be over-
parameterised. The combination of an over-parameterised model with weakly informative data makes 
the assessment unreliable for estimating the most likely stock size, although estimates of Bmin should 
remain more credible.    

 
4.9 Stock assessments based on spatial CPUE  
Commercial catch per unit effort (CPUE) are the only data available for all orange roughy High Seas 
fisheries. High Seas commercial CPUE tend to be spatially and temporally dispersed and thus have 
been deemed uninformative as raw indicators of stock relative abundance (Clark et al., 2010).  
Roux et al. (2017, SC5-DW11) proposed a stock assessment method using CPUE that consisted of two 
stages. First, a spatial analysis of CPUE data, which included a process to fill-in the gaps for areas and 
years lacking data. Second, a simple biomass dynamic assessment model fitted to these CPUE data, 
from which stock size and sustainable yields could be estimated.  
The annual CPUE index was a subarea-weighted sum of the catch rates. The subareas were generally 
seamount features within the stock boundaries of Clark et al. (2016). The weights given to the 
subareas were either all the same, or they were proportional to the subarea cumulative catch. To fill-
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in the gaps, missing years before fishing were assumed to have the same catch rates as the first three 
years fished, years after fishing had stopped were assumed to have the same catch rates as the last 
two years fished, and linear interpolation was used to fill in gaps within the series. This was all done 
using a generalised linear model (GLM) with year-subarea interaction coefficients.  
The CPUE series were used as an input, along with catches, into a biomass dynamic model (BDM). The 
BDM had three parameters, the intrinsic growth rate r, and the average initial biomass K (analogous 
to B0), and a parameter n that varied the shape of the production curve. The model was fitted using a 
Bayesian state-space framework. Process and observation errors were included. There was a prior on 
K that encouraged smaller values, and a prior on r derived from orange roughy life history parameters 
(e.g., longevity, individual growth, age at maturity, and [less well-known] natural mortality rate and 
stock-recruitment steepness). Model parameters were estimated using MCMC.  
The assessments assumed equal subarea weighting for the North and South Louisville Ridge, Lord 
Howe Rise, and Northwest Challenger. The proportional-to-catch weighting was used for the Central 
Louisville Ridge and West Norfolk Ridge stocks. We note that catches for some years before 2008 were 
not the same in SC7-DW05 and SC5-DW11, with some years having greater catches and some lower 
and overall, the catches presented in SC5-DW11 were about 5% lower.  
The influence of the spatial weighting of the CPUE series is shown in Figure 13, and the fitted BDM 
models in Figure 14. The CPUE index or the Lord Howe Rise was not informative given the catch history 
and the model did not converge. Although the Northwest Challenger CPUE index and BDM fit looked 
reasonable, this model also did not converge. As a result, biomass and yield estimates are only 
acceptable for the other four stocks (Table 9).  
 
Table 9: Median estimated K (B0) and median maximum sustainable yield (MSY) MCMC estimates of the 
spatial CPUE and BDM approach presented in SC5-DW11. 95% CI in parentheses. Reproduced from Tables 16 
and 17 of SC5-DW11.  

Stock                                       K (t)                   MSY (t) 
Louisville Ridge North 13 520 (9682–24551) 110  (49–253) 
Louisville Ridge Central 18 526 (15 274–22627) 210  (107–343) 
Louisville Ridge South 13 854 (10715–21095) 116  (51–232) 
West Norfolk Ridge 1 050 (2913–6015) 33  (14–75) 
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Lord Howe Rise      NW Challenger 

  
West Norfolk Ridge     North Louisville Ridge 

  
Central Louisville  Ridge     South Louisville Ridge 

  
Figure 13: Index comparison for orange roughy: time series of 1) nominal CPUE (grey line); 2) standardised 
CPUE (using standard GLM procedure) (black dotted line); and 3) standardised spatial CPUE (using the hybrid 
(interaction-GLM with data imputation) method). Reproduced from Figures 6, 9, 12, 15, 18, and 21 of SC5-
DW11.  
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Figure 14: BDM outputs including the fitted (dotted red line) and predicted (black line) index (left); predicted 
biomass trajectory (centre); and time series of relative harvest rate (right) for each SPRFMO orange roughy 
stock. Reproduced from Figure 23 of SC5-DW11. 
 
The work presented in SC5-DW11 was extended by Edwards et al. (2022) to address some of the 
problems with their approach. In particular, the BDM assumed that biomass in the following year was 
a function of biomass in the current year. For orange roughy, where age at recruitment can be high, 
this is incorrect. Edwards et al. (2022) maintained the general approach of Roux et al. (2017), but 
modified it such that (1) each seamount assumed a separate population (27 seamounts; Louisville 
Ridge only); (2) information on K for each seamount was shared via a hierarchical regression of K on 
environmental covariates; and (3) the BDM was extended to a delay difference model, which 
separated out somatic growth from recruitment (although the recruitment was always at the 
unexploited level as the duration of the assessment was less than the age of recruitment). A further 
important assumption was that the scalar between CPUE and biomass (the catchability) was assumed 
constant across all seamounts, meaning that relative catch rates between seamounts were assumed 
to indicate relative biomass. Environmental data were used to specify a prior for K for each seamount, 
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although the only covariate ultimately included in this was latitude. Edwards et al. (2022) encountered 
some parameter estimation (convergence) problems, both for the analyses of CPUE (where nominal 
CPUE was eventually used), and for the delay difference model. Such issues suggest low information 
in the data. Edwards et al. (2022) describe results but did not report biomass estimates or sustainable 
yields. A validation study was completed, which found results varying by seamount, and concluded 
that the environmental data could not compensate for the lack of an abundance index. The approach 
of Edwards et al. (2022) assumed each seamount was a separate population, which might be 
precautionary but may also be incorrect, and conflicts with the stock structure conclusions of Clark et 
al. (2016).  
 

5. Discussion 
Our evaluation of the assessment of the Central Louisville Ridge stock from SC7-DW05, including 
simulation studies, found that the approach was unreliable for estimating stock size and status given 
the available data. The historical age data were few and noisy and so offered little signal on stock size 
and status, and the model fitted to those data was over-parameterised. 

We used the stock assessment models to provide estimates of Bmin. Catch limits based upon a fixed 
proportion of Bmin could be deemed precautionary (depending on the proportion used). That is, if our 
model assumptions are correct, it is very likely that the true virgin biomass was higher than the 
estimated minimum and so using this estimate as a basis for setting sustainable catch limits would 
represent a conservative approach. However, from a scientific viewpoint, the Bmin approach is 
explicitly biased and provides only the most basic level of advice. The deterministic calculations of Bmin 
were lower because the stochastic estimates allowed selectivity to vary, and at each B0 there would 
be some selectivity settings that remained plausible given the data and allowed a higher Bmin.  

Our investigations were not comprehensive, in that they focused on the Central Louisville Ridge stock 
and did not explore all possible permutations of model settings, but we believe they are likely to be 
broadly representative. The age data for Lord Howe Rise were similarly sparse for the early years, and 
for recent years were variable. We would therefore expect those data to also offer little signal on 
median stock size and status.  

6. Recommendations 
 
It is recommended that the Scientific Committee: 

• notes that the previously accepted orange roughy stock assessments for north, central and 
South Louisville Ridge, the West Norfolk Ridge, Lord Howe Rise and the Northwest Challenger 
Plateau using integrated assessment models have been shown to be unreliable.  

• notes that even with accurate age data to inform the previously accepted stock assessment 
modelling approach, misspecification of natural mortality rate or year class strength could 
produce substantially misleading biomass estimates. Error in age frequencies could result in 
the true biomass being outside of the 95% CI of the assessment model, even if the assessment 
model had perfect knowledge of for all other parameters.  

• notes that error and bias in orange roughy age samples can be relatively high.  
• notes that the integrated assessment model approach can still be used to estimate Bmin given 

plausible settings for stock productivity and vulnerability, and that that the Bmin estimates 
from integrated models were higher than the B0 estimates from spatial CPUE and simple 
population model-based methods. 
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• notes that until further informative data are available the uncertainty in sustainable yield 
estimates will remain high. The most informative data to collect would likely be acoustic 
biomass estimates. 

• notes that if the stock is already depleted to a low level (e.g., <20%), then harvesting at 
maximum constant yield (MCY) would result in a relatively high fishing mortality rate and 
could result in a very slow stock rebuild or further decline. CAY and MSY yields will be higher 
than MCY and would exacerbate this risk. However, the risk should be mitigated when 
applying the MCY scalar to Bmin. 

• agrees that the Bmin estimates should be used as a proxy for B0 estimates and that sustainable 
yields should be calculated by applying a fixed scalar to the Bmin associated with an MCY policy 
of 1.45% (i.e., sustainable yield = 0.0145 × Bmin) (Table 10). 

• agrees that from a scientific perspective this represents a precautionary approach to setting 
catch limits.  

 
Table 10: Sustainable yield estimates (t) by multiplying Bmin from different assumed M and calculation 
methods (Table 8) by a fixed scalar of 0.0145.  

                                 5%                               10%              Deterministic 
 M=0.030 M=0.045 M=0.030 M=0.045 M=0.030 M=0.045 
Louisville Ridge central 377 406 363 377 305 334 
Louisville Ridge north – – – – 116 116 
Louisville Ridge south – – – – 160 145 
West Norfolk Ridge – – – – 44 44 
Lord Howe Rise 174 160 174 160 174 160 
Northwest Challenger 160 131 160 131 160 131 
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Annex 1 
 

MCMC chains were examined for diagnostics including density plots of parameters, trace plots, 
autocorrelation and cross correlation, comparison of partial chains, parameter running means, and 
Geweke statistics. Only examples are given here. For Central Louisville Ridge, the logistic parameters 
of maturity/selectivity were adequately determined, but the parameters of the Cluster3 (double 
normal) selectivity were poorly determined (Figure A.1 & A.2). Overall, the MCMC performance was 
considered adequate for estimating Bmin, but would be poor, and unacceptable, overall. The MCMC 
performance was better for Lord Howe Rise, but only a little better for Northwest Challenger Plateau 
(Figures A.3 – A.8).  
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Figure A.1: Density plots for Central Louisville Ridge model selectivity parameters and Negative Log 
Likelihood (NLL), from MCMC samples used to calculate the stochastic estimates of Bmin (M = 0.03).  

 

Figure A.2: Running means for Central Louisville Ridge model selectivity parameters and Negative Log 
Likelihood (NLL) in MCMC chains used to calculate the stochastic estimates of Bmin (M = 0.03).     
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Figure A.3: Density plots for Lord Howe Rise model selectivity parameters and Negative Log Likelihood (NLL), 
from MCMC samples used to calculate the stochastic estimates of Bmin (M = 0.045).  

 

 

Figure A.4: Running means for Lord Howe Rise model selectivity parameters and Negative Log Likelihood 
(NLL) in MCMC chains used to calculate the stochastic estimates of Bmin (M = 0.045).     
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Figure A.5: Autocorrelation for Lord Howe Rise model selectivity parameters and Negative Log Likelihood 
(NLL) MCMC chains used to calculate the stochastic estimates of Bmin (M = 0.045).     
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Figure A.6: Density plots for Northwest Challenger Plateau model selectivity parameters and Negative Log 
Likelihood (NLL), from MCMC samples used to calculate the stochastic estimates of Bmin (M = 0.045).  
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Figure A.7: Running means for Northwest Challenger Plateau model selectivity parameters and Negative Log 
Likelihood (NLL) in MCMC chains used to calculate the stochastic estimates of Bmin (M = 0.045).     
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Figure A.8: Autocorrelation for Northwest Challenger Plateau model selectivity parameters and Negative Log 
Likelihood (NLL) MCMC chains used to calculate the stochastic estimates of Bmin (M = 0.045).     
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