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Executive summary 
This draft document sets out proposed methodologies to test harvest control rules as part of the 
SIOFA project PAM-2024-03 (harvest control rules). It is intended for feedback by the Workshop 
WS2025-PAM3 on 7th October 2025 and by the reviewers (project PAM-2024-04). This workshop is 
mainly aimed at project PAM-2024-02 (biological reference points), with some limited time to 
discuss PAM-2024-03 (Item 5 of the agenda). 

The authors are looking for specific feedback on the following questions, with any other feedback 
welcome. 

• The project requires the investigation of harvest control rules for toothfish. This species is 
currently managed following the CCAMLR procedures for research blocks.  

o How likely is it that SIOFA would want to implement a management framework for 
toothfish different from that currently used by CCAMLR?  

o How much time and effort should be dedicated to toothfish? 
• We proposed to test the following rules: threshold rule (hockey stick), ramp-rules (similar to 

CCAMLR research blocks), constant F rules, F- and ramp-rules (actual CCAMLR research 
blocks), constant catch. Are there other harvest control rules not considered here that 
should be considered (given the scope of the project)?  

• The project is to focus on orange roughy and toothfish. Should time allow, what species 
would be of most interest? Alfonsino could be a good candidate as it has an approved 
assessment.  

 

1. Introduction 
This document sets out the draft proposed methodology for SIOFA project PAM-2024-03: 
development of harvest strategies for key SIOFA fish stocks. It is a draft document for consideration 
by the third SIOFA Scientific Committee workshop to progress the SIOFA precautionary approach 
and management projects (WS2025-PAM3) only. All methods and results are preliminary. 

This project is carried out in close collaboration with projects PAM-2024-01, which will identify the 
appropriate policy settings and management approach, and PAM-2024-02 which will develop 
biological reference points for those key SIOFA species. It will also incorporate feedback from the 
review panel, covered under PAM-2024-04 (Figure 1).  
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Figure 1: The 2024 SIOFA projects on Precautionary Approach and Management. 

 

2. PAM-2024-03 Project Objectives 
The project objectives, as per the terms of reference of the tender document are as follows.  

1. To consider monitoring strategies and develop harvest control rules and undertake 
management strategy evaluations designed to help ensure sustainable fisheries within the 
SIOFA Area, including: 

a. Harvest control rules that are suitable for a range of different levels of available 
data. 

b. Management strategies that consider the trade‐offs between different harvest 
control rules, levels of risk, and achievement of management objectives. 

c. Breakout rules and default breakout actions. 
2. Evaluation of different stock assessment options, based on the level of data available, for 

key SIOFA fish stocks, and specifically including orange roughy and toothfish. 
3. Evaluate how additional objectives such as bycatch, fisheries impacts, benthic impacts, etc., 

could be included as part of harvest strategies. 
 

3. Methodology 
The two main species of interest for this project are orange roughy and toothfish. Should time allow, 
other species managed by SIOFA will be considered. The current knowledge of stock status for a 
number of top tier species and stocks is summarised in Appendix B – summary of stock status.  

3.1 Proposed classification of stocks 
We propose interim classifications as recommended by project PAM-2024-01 for both the level of 
data availability (high / medium / low) and the assessment zone (healthy / cautious / critical) (Table 
1). The main source used for these classifications is also reported. 

Note that these are interim classifications, which will be refined once the report for PAM-2024-01 is 
near complete and definitions of the different levels are finalised. 
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Table 1: Proposed classification of the stocks under consideration, based on PAM-2024-01 proposed classification. 

Species Area Data quality Stock status Source / data 
Orange roughy WSR High Healthy Bayesian model 
 LWSR Medium Healthy Bayesian model 
 SWIOR Low Healthy Historic catches and length data 
Toothfish Del Cano rise Medium Cautious CPUE by seabed area 
 South Indian Ridge Medium Cautious CPUE by seabed area 
 Western ridge Low ?  
Alfonsino East and West Medium Healthy Deterministic catch and CPUE 

model 
Hapuka All Low ? Unstandardised CPUE 
Mora All Low Cautious Decreasing unstandardised CPUE 
Oilfish All Low Cautious Standardised CPUE and 

unstandardised CPUE opposite 
Notes on the proposed classification: 

• SWIOR orange roughy is classified as in the healthy zone due to the high historical catches 
compared to recent years, indicating low current exploitation rate, and the high length at full 
selectivity suggesting that part of the spawning population is not vulnerable to fishing. 

• Toothfish stocks are classified as in the cautious zone, even though no estimate of stock size 
is available, because the CPUE by seabed area calculation combined with the gamma 
estimate of catch limit is deemed appropriate to avoid overfishing. 

• Mora is classified as in the cautious zone because of decreasing unstandardised CPUE (not 
deemed an index of abundance) 

• Oilfish is classified as in the cautious zone because of opposing unstandardised and 
standardised CPUE trends. The standardised CPUE trend is increasing concurrent with a 
stable annual catch. 

 

3.2 Potential reference points 
Below is a proposed example of reference points. These will be updated based on the outcomes of 
project PAM-2024-02. For some stocks, multiple reference points are proposed as alternative 
management options or to be used in conjunction with each other. 

Table 2: Some potential reference points for the species under consideration, based on PAM-2024-02 proposed 
classification. Note that multiple reference points can be considered for a single species, as alternative options or to be used 
in conjunction with each other. Example only, to be finalised. The probability in bracket is the required probability of being 
above the target or limit. 

Species Indicator Target (probability) Limit (probability) 
Orange roughy SSB (model-based) 30-40-50% B0 

(p>50-60-70%) 
20% B0 
(p>90%) 

 VulnBcurrent (acoustics) F = X% VulnBcurrent 
(p>50%) 

1.5 X% VulnBcurrent 
(p>90%) 

 Fishing mortality Ftarget = 0.033^ 150% Ftarget 
Toothfish SSB (model-based – currently unknown) 50-60-70% B0 

(p>50-60-70%) 
20% B0 
(p>90%) 

 VulnBcurrent (CPUE by seabed area) F = 4% VulnBcurrent 
(p>50%) 

F = 6% VulnBcurrent 

 Standardised CPUE mean(2018-2022) 
(p>50%) 

50% of target 
(p>90%) 

 Fishing mortality  Ftarget = 
0.87M*(p>50%) 

150% Ftarget 
(p>90%) 

Alfonsino SSB (model-based) 40% B0 20% B0 
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(p>50%) (p>90%) 
 Standardised CPUE mean(2018-2022) 

(p>50%) 
50% of target 
(p>90%) 

 Fishing mortality Ftarget = 0.87M* 
(p>50%) 

150% Ftarget 
(p>90%) 

Hapuka / Mora / 
Oilfish 

Unstandardised CPUE mean(2018-2022) 
(p>50%) 

50% of target 
(p>90%) 

 Fishing mortality Ftarget = 0.87M 
(p>50%) 

150% Ftarget 
(p>90%) 

Notes:  ^ model-based, see Table 3 and Table 4, value to be confirmed by MOP 
* update with model-based estimate when available 

 

It is not proposed to use CPUE or LB-SPR for orange roughy because the orange roughy fishery 
operates on spawning aggregations. Therefore, CPUE and length frequencies are not deemed 
representative of the population.  

The time reference for CPUE-based reference points is currently set at the time reference used for 
setting catch limits (see above). 

 

3.3 Potential harvest control rules 
As discussed in PAM-2024-02, the types of harvest control rule that can be applied will depend upon 
the level of information available to inform management.  

• Stock with accepted assessment models (integrated assessments or surplus productions 
models etc).  

o These models would typically provide estimates of initial biomass and status, as well 
as current fishing pressure and target fishing pressure (for a given target reference 
point).  

o Threshold harvest control rules linking relative exploitation rate (F / Ftarget) as a 
function of biomass relative to target (B / Btarget) can be implemented and tested, 
including estimates of uncertainty (e.g., the probability of being below the limit 
reference point Blim). Examples of such harvest control rules are given in Figure 2 on 
the left. 

o In the context of SIOFA, orange roughy and alfonsino stocks might be candidate 
species.  

• Stocks with an index of relative abundance such as CPUE or a survey series.  
o Target and limit-related indicators could be developed based on a reference period 

of the index.  
o Threshold harvest control rules linking relative harvest (catch / catch at target) as a 

function of the index relative to target (index / index at target) can be implemented. 
They could also be tested using simulated models under various conditions. 
Examples of such harvest control rules are given in Figure 2 on the right. 

o Simpler rules aimed to keeping the CPUE stable could be applied; these do not rely 
on establishing a target biomass or index. An example is the CCAMLR ramp rule 
whereby the catch limit is reduced by 20% if the CPUE trend is decreasing and 
increased by 20% if the CPUE is increasing (the CCAMLR rule also applies an Ftarget, 
see below). An illustration of the CCAMLR ramp rule (including the target fishing 
pressure) is provided in Figure 3. 
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o In the context of SIOFA, species with CPUE series (such as toothfish, alfonsino and 
oilfish), or orange roughy hills with survey series, could be candidate species, 
although the usefulness of CPUE to index stock abundance is under question for 
some of those stocks. 

• Stocks with an estimate of absolute current biomass but not initial biomass, and 
assumptions of biological parameters.  

o A constant long term fishing pressure for a determined target reference point for 
the stock considered and the selectivity of the fishery could be calculated and 
applied.  

o The CCAMLR ramp rule for research blocks (Figure 3) is a combination of a constant 
Ftarget harvest control rule (Ftarget = 0.04) modulated by the trend in the CPUE.  

o In the context of SIOFA, this constant F method (combined with a ramp rule) is 
currently applied to toothfish stocks. It could potentially be applied to some orange 
roughy hills where estimates of acoustics are available (with assumptions around 
acoustics catchability). 

• Stocks with a reliable estimate of length frequency and fishery selectivity.  
o Length-based methodologies based on biological characteristics of the stock could 

estimate the current fishing pressure relative to a target fishing pressure.  
o A constant F at Ftarget or some lower level could be applied. 

• Stocks with no reliable index of relative abundance or fishing pressure. 
o Continue current management at constant catch. Apply the performance measures 

to capture if the level of catch might be compromising the sustainability of the stock. 

It is proposed that the following methodologies be tested as part of PAM-2024-03: threshold rules, 
ramp rules, constant fishing mortality rules, fishing mortality and ramp rules, and constant catch 
rules. The two main species of interest for the present project are toothfish and orange roughy. 
Additional species will be added if time allows, potentially alfonsino as stock assessment, CPUE, and 
length data exist for this species. Multiple rules will be applied to each species and evaluated against 
each other using performance measures detailed below, evaluating lower information rules 
compared with higher information rules. 

 

3.3.1 Threshold harvest control rule 
Threshold harvest control rules (also referred to as hockey stick rules given the shape of the rule) will 
be applied as a fishing pressure rule for stocks with an approved stock assessment, and as a catch 
rule for stocks with a CPUE index and defined target. A multitude of shapes of threshold harvest 
control rules exist, some of them are illustrated in Figure 3 (F-based on the left and catch-based on 
the right).  

The shape of the rules used internationally varies most below the target reference point (dotted 
vertical line). Because all assessed stocks in SIOFA are deemed to be above the interim target 
reference point of 40% B0, the shape below the target reference point will not change the outcome 
of the management strategy evaluation much. Therefore, it is proposed to only test one harvest 
control rule shape in this analysis.  

We propose to use shape D in Figure 3. Specifically: 

• The fishery is closed (F = 0, catch limit = 0) when the stock is below the limit reference point 
(red zone – horizontal line at zero).  
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• The fishing pressure is set at the target fishing pressure when the stock is above the upper 
stock reference point (green zone – horizontal line on the left plot). The equivalent catch 
rule follows a line with slope equal to the target fishing pressure (upwards sloping line on 
the right plot). 

• The fishing pressure follows a straight line between those two values, consequently the 
catch follows an exponential shaped line between those two values (orange zone). 

• The upper stock reference point is defined at (1 – M) as a default value, representing the 
expected variability of any given stock. Simulations will investigate if alternative values might 
be determined for the stocks tested. 

3.3.2 Ramp rule 
A ramp rule akin to that used by CCAMLR will be tested (although the CCAMLR ramp rule also 
includes a constant F rule, see below). Following the CCAMLR rule (Figure 3), the trend in the series 
tested (CPUE or acoustics or other suitable index) will be calculated using an inverse variance 
weighted least-squares regression. Trend will be evaluated using a threshold of slope of value of 0.1. 
The rules tested will be as follows: 

• If the slope is less than -0.1, the catch limit will be reduced by R percent. 
• If the slope is more than 0.1, the catch limit will be increased by I percent. 

Different values of R and I will be tested, for example combinations of 10, 20 and 30% change in 
catch limit. The interval of estimation will also be tested, with the rule applied every 1-5 years, and 
the trend applied to the last 3-10 years. The performance of the different rules will be compared 
using the performance measures developed below. The final set of rules might differ by species 
depending on the variability of the index, and might look like: 

1. Carry out the calculation every x years 
2. Test the slope over the last y years 
3. Apply a change in catch limit of z 

3.3.3 Constant F rule 
Constant F-rules adjust the catch limit to correspond to Ftarget (or a multiple of Ftarget). They are a 
special case of the threshold harvest control rule whereby F is Ftarget at all times. This rule can be 
applied if F and Ftarget are known but status isn’t.  

A constant F rule could be applied to toothfish stocks where the CPUE by seabed area method 
provides an estimate of local vulnerable biomass, or for orange roughy on hills with an acoustics 
estimate of biomass. It could also be applied to stocks with length data, deriving F and Ftarget from 
LB-SPR models for example. Such examples will be tested, and multiples of Ftarget applied (e.g. 
Ftarget, 0.8 Ftarget). 

3.3.4 Combined F- and ramp-based rule 
A combination of the F- and ramp-based rules is possible when an estimate of current vulnerable 
biomass and an index are available. The CCAMLR ramp rule is a F- and ramp-based rule whereby if 
the CPUE index is increasing, then the catch limit is based on an F-rule, and if the CPUE index has a 
decreasing trend, the catch limit is based on a ramp rule (see Figure 3). 

For these rules, various options for Ftarget and the ramp values will be investigated. 

3.3.5 Constant catch rule 
Many stocks in the SIOFA region do not have adequate indices of abundance. For these, a constant 
catch harvest control rule might be the fall-back position until such times as further information is 
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available to apply a more advanced management rule. Many SIOFA stocks currently have a catch 
limit based on the mean catches from a reference period (see Appendix B – summary of stock 
status).  

For those stocks, changes in management will rely on the adequacy of fishery indicators to indicate if 
there is a potential sustainability issue that should be considered by the SC and the MOP. If 
management action is triggered, one of the likely outcomes would be to reduce the catch limit (as 
well as other actions, see below), resulting an ‘effective’ ramp rule which is triggered by 
supplementary indicators and decisions of the MOP, rather than an indicator acting directly as part 
of an HCR. 

 

 

Figure 2: Example of harvest control rules (HCR) representing relative exploitation rates (e.g., F/Ftarget, left) and relative 
harvest projected (e.g., catch / catch at target, right) as a function of the stock status indicator (e.g., B/Btarget). LRP = limit 
reference point, USR = upper stock reference, TPR = target reference point, MSY = maximum sustainable yield, which 
could also be the interim target. Figure 10 reproduced from DFO (2023).  
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Figure 3: CCAMLR’s approach to data-limited exploratory toothfish fisheries (trend analysis): schematic of the decision 
rules used to determine catch limits in data-limited fisheries (Figure 1 reproduced from 
https://fishdocs.ccamlr.org/TrendAnalysis_2020.html). 

 

3.4 Climate conditioning 
Although harvest control rules can include climate conditioning (e.g., Duplisea et al. 2021; Mormede 
et al. 2025), these typically require a high level of knowledge of the relationship between the 
productivity of the species and climate, for example, the effect of temperature on recruitment. This 
level of data requirement is beyond the current knowledge within SIOFA stocks.  

As a result, climate considerations are included in breakout rules only in this instance, as 
recommended elsewhere (e.g., Carruthers 2024 in ICCAT) and proposed by PAM-2024-02. These 
would be included in two ways: if there is deviation between the models and the data collected (for 
climate reasons or any other reason), and/or if there is a change in the climate data which might 
lead to change in the productivity of the stocks managed. See below for further details. 

 

3.5 Testing the harvest control rules 
Testing harvest strategies is part of management strategy evaluations (Punt et al. 2016; SIOFA 
Scientific Committee Chair and vice-Chair & SIOFA Meeting of the Parties Chair 2023). Briefly: 

1. operating models are developed for various species and covering a range of uncertainties,  
2. these models are projected many times in the future with different harvest strategies, 
3. the results of the harvest strategies are evaluated against performance indicators 

3.5.1 Stock assessment models 
Bayesian age- and sex-based models have been developed for orange roughy (Mormede & Hoyle 
2025a, 2025b) using the modelling platform Casal2 (Casal2 Development Team 2023). These will be 
used as the basis for the management strategy evaluation testing.  

A series of Bayesian age- and sex-based simulation models will be developed for toothfish in the Del 
Cano Rise as this is the area with the most data. These models will use available data. As stock size is 
not known, various models will be developed with different assumptions of stock size.  

Should time allow, simulation models will be developed for another species, possibly alfonsino as 
multiple reference points could be tested. 

For all species investigated, sensitivities over the most important parameters will be tested, 
including natural mortality assumptions, spatial structure assumptions, selectivity. 

3.5.2 Projections 
Projections will be carried out to address two different objectives.  

Initially, the final models will be projected under constant future recruitment and with constant 
exploitation rate for 100 years using 1000 randomly selected MCMC outputs, to determine long-
term equilibrium conditions. Various management targets will be investigated, including Btarget.  We 
will estimate the reference points (Ftarget), for example the long-term constant exploitation rate that 
achieves a 50% probability of being at the target. 

Secondly, the models will be reprojected for 50 years (or more) under active management (catch 
limits change in management years following application of the harvest control rule) using 100 
randomly selected MCMC outputs and the various harvest control rules tested, as defined above.  
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The results of the simulations will be measured against performance indicators.  

 

3.6 Management performance indicators / breakout rules 
Proposed management performance indicators were developed based on the proposed indicators 
for orange roughy (WS2024-HSS Appendix B) and indicators proposed at CCAMLR and elsewhere 
(Dunn & Mormede, 2025, add Mormede ICCAT 2025). These are provided in   
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Appendix B – proposed performance . Further indicators can be added as required.  

Not all management performance indicators will be available for all species and stocks, for example 
biomass status indicators will not be applicable to stocks with unknown stock status. The range of 
indicators aims to capture all levels of stock knowledge, from stocks with full Bayesian stock 
assessment models to fisheries with only catch history available.  

As was proposed at CCAMLR, we propose management performance indicators together with 
reference points that group them into green, amber, and red categories, incorporating both 
management performance indicators and breakout rules in a single framework. Some management 
performance indicators are also used as indicators in the HCR. Reference points for these indicators 
may be determined from the HCR simulation, based on the observed distribution of uncertainty. The 
three-tier status is structured as a colour-coded flag system, where: 

1. Green Flag (Normal Operation): All key indicators are within expected ranges and 
management objectives are being met. No action required beyond routine monitoring. 

2. Amber Flag (Warning): One or more indicators show moderate deviation from expected 
values, or early warning signals are detected. Increased monitoring and scientific review are 
triggered, but management action is not yet required. 

3. Red Flag (Critical): Key indicators breach limit reference points or show persistent, significant 
anomalies. Immediate management action is required, which could include formal review, 
and/or a temporary or permanent adjustment of harvest control levels. 
 

The colour-coded system provides graduated responses to emerging management issues, based on 
scientific evidence from recent assessments, MSE development work, and international best practice 
(Punt et al. 2016). This also provides an opportunity to proactively identify issues and ensure that 
the required scientific work can be conducted before a critical issue requires management 
intervention. Systematic monitoring and clear trigger points are essential for maintaining 
precautionary management and adaptive response (Butterworth & Punt 1999; Punt et al. 2016). 

When red flags are triggered, a structured response protocol should be developed that ensures rapid 
and appropriate action which might include: 

(i) Management actions 
a. Immediate catch reductions of [20‒50%] if the status is below target until resolution 

of the issue.  
b. Move to enhanced assessment frequency. 
c. Consider intensified monitoring (e.g. additional acoustics surveys, length data, age 

estimations). 
(ii) Scientific Review Process 

a. Review key parameters assumed. 
b. Reference point review. Re-examine the target and limit reference points to 

determine if these require revision. 
c. Harvest Control Rule evaluation. Re-test the harvest control rules under updated 

operating models. 
(iii) Recovery and Return Criteria 

a. Objective criteria for returning to normal management, including rebuilding plan, 
duration of rebuild, monitoring. 
 

If the red status flag is triggered and the stock status is above the target, then the management 
actions may be to continue the management strategy, but the harvest strategy and underlying stock 
assessment will need to be re-evaluated within a defined time period.  
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4. Results 
Results will be summarised in the final report. 

 

4.1 Orange roughy 
4.1.1 Effect of natural mortality on Ftarget 
A Bayesian stock assessment for orange roughy was updated in 2025 (Mormede & Hoyle 2025a, 
2025b). As part of this project the fishing pressure interim target reference point (Ftarget) was 
calculated for the three stocks under various assumptions of natural mortality (Table 3). The interim 
target reference point for orange roughy is 40% B0, which should be achieved with 50% probability. 
The interim limit reference point is 20% B0, with the requirement of a 90% probability of being 
above it.  

Under those conditions, Ftarget was about 0.033 for the WSR and LWSR stocks, and 0.041 for the 
SWIOR base case models. The target fishing pressure for SWIOR is higher than for the other two 
stocks because the fishing selectivity is right-shifted (the fishery catches fewer smaller fish) and 
therefore part of the spawning stock biomass is not targeted by the fishery.  

A comparison of those values was made with a default value for Ftarget of 0.87 M (Zhou et al. 2019) 
and FMSY. The Ftarget calculated based on the stock was similar to the baseline assumption of 
0.87M. Ftarget was much lower than FMSY, which was more akin to M, consistent with the BMSY 
calculated at about 30% B0 for these stocks. This result confirms the recommendation in PAM-2024-
02 to use 0.87 M as an interim Ftarget for those species where a full stock assessment is not 
available. 

Table 3: Interim Ftarget for the three assessed orange roughy stocks under various assumptions of natural mortality. WSR = 
Walter Shoal Ridge, LWSR = Long Walter Shoal Ridge, SWIOR = South West Indian Ocean Ridge stock. The interim target 
reference point for orange roughy is 50% probability of being above 40% B0, and the interim limit reference point is 90% 
probability of being above 20% B0. M = natural mortality. 

Stock Run M Ftarget 0.87*M BMSY FMSY Model 
WSR 1.4 0.044 0.033 0.038 0.31 0.045 Base case 
WSR 1.5 0.025 0.025 0.022 0.31 0.025  Sensitivity 
WSR 1.6 0.054 0.058 0.047 0.30 0.058  Sensitivity 
LWSR 1.2 0.047 0.037 0.041 0.31 0.049 Base case 
LWSR 1.3 0.044 0.035 0.038 0.31 0.047  Sensitivity 
LWSR 1.1 0.042 0.033 0.037 0.30 0.045  Sensitivity 
LWSR 2 0.037 0.029 0.032 0.31 0.040  Sensitivity 
SWIOR 2.1 0.045 0.041 0.039 0.32 0.090 Base case 

 

4.1.2 Effect of the choice of the target reference point 
MoP11 in July 2024 also endorsed recommendations that alternative sensitivity choices should be 
evaluated for orange roughy and toothfish respectively. For orange roughy, analysts should evaluate 
alternative sensitivity choices of 50‐60‐70% probability of being at or above a target reference point 
(TRP) of 30‐40‐50% B0, while for toothfish analysts should evaluate the same probability levels but 
for TRP of 40-50-60% B0.  

These sensitivities were carried out with the Walter Shoal Ridge orange roughy base case stock 
assessment, whilst keeping the limit reference point at 20% B0 with a 90% probability of achieving it 
(Table 4).  
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The choice of Btarget has a strong effect on Ftarget, with the Ftarget increasing from 0.024 when 
Btarget is 50% B0 to 0.046 when Btarget is 30% B0 (which is about BMSY for these stocks). Increasing 
the probability of reaching the target from 50% to 70% had a comparatively small effect on Ftarget, 
changing the result by up to 0.003 only. 

Table 4: Interim Ftarget for the base case orange Walter Shoal Ridge roughy stock under various definition of target 
reference points. 

Stock Run M Btarget p>Btarget Blim p>Blim Ftarget 
WSR 1.4 0.044 40 50 20 90 0.033 
WSR 1.4 0.044 40 60 20 90 0.032 
WSR 1.4 0.044 40 70 20 90 0.031 
WSR 1.4 0.044 30 50 20 90 0.046 
WSR 1.4 0.044 30 60 20 90 0.043 
WSR 1.4 0.044 30 70 20 90 0.043 
WSR 1.4 0.044 50 50 20 90 0.024 
WSR 1.4 0.044 50 60 20 90 0.023 
WSR 1.4 0.044 50 70 20 90 0.023 

 

4.1.3 Running the harvest control rules 
Tbc 

 

4.2 Toothfish 
tbc 

 

 

5. Recommendations 
The recommendations below are specific to harvest control rules, other recommendations have 
been made as part of PAM-2024-01 and PAM-2024-02, which are not repeated here. These are 
placeholder recommendations. 

• Start monitoring data-based performance indicators for top tier stocks 
o Refine the bracketed values in the data-based performance indicators for top tier 

stocks 
• Roll out the proposed precautionary approach to management to the SIOFA species and 

stocks, including: 
o For CPUE-based management: standardisation of CPUE indices  
o For LB-SPR based management: spatial and temporal collection of length data in a 

way that allows for the calculation of scaled length compositions 
o Develop stock-assessments where possible and stock-assessment based harvest 

control rules 
• Investigate the potential usefulness of other models not fully considered in this simulation 

work, e.g. productivity-susceptibility analyses or sustainability assessment for fishing effects 
(SAFE).  

• Develop data collection plans to increase knowledge about stocks and management options 
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6. Next steps 
Project PAM-2024-03 requires guidance from PAM-2024-01 on potential management processes 
which might inform preferred harvest control rules (HCR), and from PAM-2024-02 on biological 
parameters and reference points which will inform the outcomes of the harvest control rules. 

Once interim reference points have been defined by PAM-2024-02, the harvest control rules will be 
run and reported. 
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8. Appendix A - glossary 
 

Table 5. Glossary of some of the terms used in this document. 

Term Definition 
SSB Spawning stock biomass in this document, also referred to as SB or B 
B0 Initial unexploited spawning stock biomass 
VulnB Vulnerable biomass 
Blim Spawning stock biomass at the limit reference point 
Btarget Target spawning stock biomass, defined as either BMSY or a proxy such as 40% B0 
MSY Maximum sustainable yield 
F The instantaneous fishing mortality rate, often expressed as a rate per year. This is a measure of the 

proportion of the vulnerable biomass that is expected to be caught at a point in time. See also the 
definition of fishing exploitation rate (U), where the annual fishing exploitation rate (U) is calculated 
using the formula U=1-exp(-F) 

FMSY The long-term instantaneous fishing mortality rate that would result in the spawning stock biomass 
being at the maximum sustainable yield on average. 

Ftarget The long-term instantaneous fishing mortality rate that would result in the spawning stock biomass 
being at Btarget on average, or some other defined target (e.g. LB-SPR) 

HCR Harvest control rule. A rule that describes how the harvest is to be managed based on selected 
indicators of stock status. Also known as a decision rule or management procedure. 

LRP Limit reference point 
TRP Target reference point 
USR Upper stock reference (for harvest control rule with a top inflation point different from the TRP) 
PGK Probability of being in Green Zone of Kobe Space (SB>BMSY & F<Fthresh) over all years (2023-2052) 
PNOF Probability of Not Overfishing (F< Fthresh) over all years (2023-2052) 
TAC Total allowable catch 
E The fishing exploitation rate. This is the proportion of the vulnerable biomass that is expected to be 

caught at a point in time. 
VarC Mean variation in TAC (%) between management cycles over all years and simulations 
M Natural mortality 
LB-SPR Length-based spawning per ratio model (suitable for low-information stocks) 
CPUE Catch per unit effort 
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9. Appendix B – summary of stock status 
Summary of the current knowledge of stock status for a number of main species and stocks, based 
on the SIOFA fishery reports.  

9.1.1 Orange roughy 
Orange roughy was last assessed in 2025. Three sets of fully Bayesian age-based stock assessment 
models were developed: for the Walter Shoal Ridge area (WSR), the Long Walter’s Shoal Ridge area 
(LWSR, including the Walter Shoal Ridge) and the South-West Indian Ocean Ridge area (SWIOR). The 
data informing those models were catches, acoustics surveys, length compositions and age 
compositions. Catch per unit effort (CPUE) is not deemed a reliable index of abundance for orange 
roughy because fisheries usually concentration on spawning aggregations. 

The orange roughy stock status for the Walter Shoal Ridge was deemed highly uncertain and likely to 
be above the interim target biomass status of 40% B0. The acoustics data were sparse for some hills 
whilst they showed a large decline in biomass for other hills, warranting caution. Projections 
resulted in stock status and / or fishing pressure exceeding interim targets.  

The Long Walter Shoal Ridge stock represents an extended version of the WSR stock. As for the WSR 
stock, stock status was deemed highly uncertain and likely to be above the interim target biomass 
status of 40% B0. The acoustics data were sparse for some hills whilst they showed a large decline in 
biomass for other hills, warranting caution. Projections under certain assumptions indicate that the 
interim target biomass and fishing pressure could be exceeded.  

The orange roughy stock status for the South West Indian Ocean Ridge stock is unknown. Only two 
seamounts have been surveyed in two years and present opposite biomass trends. Historical catches 
have been much higher than recent catches, indicating a potentially large initial stock size. Length 
distributions suggest orange roughy caught in the SWIOR are larger than those caught elsewhere. 
These suggest that the current stock size might be healthy.  

The SIOFA Scientific Committee has provided interim advice, endorsed by the SIOFA MoP, to put in 
place an interim catch limit for orange roughy corresponding to the average annual catch in 2015–
2020. No further management advice has been agreed for orange roughy in the SIOFA area. 

9.1.2 Toothfish 
Toothfish are split into two management areas: William’s Ridge and Del Cano Rise. Both those areas 
as adjacent to CCAMLR areas. 

Preliminary stock assessments were carried out for the Del Cano Rise fishery using stock reduction 
methods (Sarralde et al 2020). These models were not able to estimate the current status of the 
stock but confirmed depletion following a period of high exploitation.  

An assessment the Del Cano Rise and South Indian Ridge stock size was developed based on CPUE by 
seabed area analogy, following the CCAMLR methodology (SC-09-35). The resulting recommended 
catch limits were endorsed by MOP11.  The number of tags recaptured was insufficient to develop a 
Chapman estimate of biomass at this stage.  

No assessment is available for the Williams Ridge fishery in subarea 7 as data are currently 
insufficient to inform a full stock assessment. Catches from the Williams Ridge fishery are 
incorporated into the stock assessment at Heard Island and McDonald Islands that are presented to 
CCAMLR. 

SIOFA has adopted Management Objectives and Performance indicators for defined toothfish 
management areas (MoP11 Report, Annex O). These include maintaining the stock or a suitable 
proxy or fluctuating around (i.e., with a 50% probability) 50% B0 and ensuring that the stock is above 
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a limit reference point (LRP) 20% B0 with a 90% probability. A management strategy evaluation 
(MSE) should initially evaluate alternative sensitivity choices of 50‐60‐70% probability of being at or 
above a TRP of 40‐50‐60% B0 for toothfish (MoP11 report, paragraph 148). A harvest strategy to 
achieve these objectives has not been defined yet. 

9.1.3 Alfonsino 
An age-structured production model for alfonsino was last carried out in 2020, fitted to catch 
histories, standardised CPUE times series and a length composition (Brandão et al. 2020, 2021). Due 
to data limitations, only deterministic models were carried out, and the selectivity of the different 
fleet assumed identical. The stock status for both West and East management units was deemed at 
about 60% of B0, with no current over-fishing.  

We note that the ageing protocol for alfonsino in the SIOFA area is being revised and might lead to a 
reduction in the natural mortality currently assumed. Projections suggested that the biomass could 
drop below the interim target level within 10 years in the sensitivity which assumed lower natural 
mortality. 

The SIOFA Scientific Committee has provided interim advice, endorsed by the SIOFA MoP, to put in 
place an interim catch limit for alfonsino corresponding to the average annual catch in 2018–2022. 
No further management advice has been agreed for alfonsino in the SIOFA area. 

9.1.4 Hapuka 
There are no stock definitions or assessments for Hapuka in the SIOFA area; the status of this stock is 
unknown. Catch history and unstandardised catch per unit effort (CPUE) are available. Reliable catch 
and effort data for this species are only available from 2019. Unstandardised CPUE has been variable 
over time. Because the hapuka fishery is a mixture of methods and target / non-target fleet, the 
unstandardised CPUE is not deemed a reliable index of abundance. 

The SIOFA Scientific Committee has provided interim advice, endorsed by the SIOFA MoP, to put in 
place an interim catch limit for hapuka corresponding to the average annual catch in 2018–2022. No 
further management advice has been agreed for hapuka in the SIOFA area. 

9.1.5 Mora / ribaldo 
There are no stock definitions or assessments for mora in the SIOFA area; the status of this stock is 
unknown. Catch history and unstandardised catch per unit effort (CPUE) are available. Both catch 
and effort have been variable over time. Unstandardised CPUE has been generally decreasing over 
the duration of the fishery. Because the mora fishery is a mixture of methods and target / non-target 
fleet, the unstandardised CPUE is not deemed a reliable index of abundance. 

The SIOFA Scientific Committee has provided interim advice, endorsed by the SIOFA MoP, to put in 
place an interim catch limit for mora corresponding to the average annual catch in 2018–2022. No 
further management advice has been agreed for mora in the SIOFA area. 

9.1.6 Oilfish 
There are no stock definitions or assessments for oilfish in the SIOFA area; the status of this stock is 
unknown. Catch history and unstandardised catch per unit effort (CPUE) are available. Both catch 
and effort have been variable over time. Unstandardised CPUE has been generally decreasing over 
the duration of the fishery. There is a standardised CPUE index for oilfish (SC-10-75), showing a 
general increase over time. 

The SC8 recommended that the length distribution and the standardised CPUE should be used as 
oilfish stock indices in the short term, to monitor the oilfish stock in SIOFA area. The SIOFA Scientific 
Committee has provided interim advice, endorsed by the SIOFA MoP, to put in place an interim 
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catch limit for oilfish corresponding to the average annual catch in 2018–2022. No further 
management advice has been agreed for oilfish in the SIOFA area.   
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10. Appendix B – proposed performance measures 
We note that the specific numerical thresholds presented in this framework are indicative only, as 
indicated by square brackets []. These would need to be formally tested and agreed upon for each 
species and stock, taking into consideration the characteristics of the fishery and the data available.  

The performance measures can be relevant to either: 

• Model-based performance, applied to models or harvest control rule outputs – these are 
updated when a model or harvest management strategy evaluation is carried out / updated. 
They are used to judge the utility of a particular HCR / management system.  

• Fishery indicators, calculated for each year of a fishery. These track whether the fishery 
management system is performing as expected. They could also be used as part of the 
management system, by explicitly linking the indicators with reference points and breakout 
rules.  

The two categories of performance measures are provided separately below, as the frequency of 
update is likely to be different. Project PAM-2024-02 suggested the environment-based fishery 
indicators be its own separate category. Because these can be model-based or data-based, they 
were kept within the categories proposed herein but could easily be separated out. 

The first letter of each performance indicator corresponds to whether it is model-based (M) or 
fisheries-data based (F), and the second letter corresponds to a broad classification group (P = stock 
productivity, C = catch and effort, A = assessment, E = ecosystem). The names in bracket, where 
given, refer to the objectives referred to in WS2024-HSS Appendix B. 

Not all performance indicators will be measurable for all species and stocks. 

 

10.1 Harvest control rule performance measures 
These measures are typically model-based and / or simulation-based and can only be updated after 
a new model is carried out or a new management strategy evaluation is carried out. 

MP01  Maintain the stock around the target reference point (stock status) 

The probability that the stock will go below the target reference point over the defined period. The 
target reference point will be different between different stocks, for example 40% B0 for orange 
roughy and a CPUE target for alfonsino.  

Green: A lower than [50%] probability that the stock is or will be below the target reference point 
over the defined forecasted management period. 

Amber: Between a [50-60%] probability that the stock is or will be below the target reference point 
over the defined forecasted management period. 

Red: A higher than [60%] probability that the stock is or will be below the target reference point 
over the defined forecasted management period. 

 

MP02  Limit reference point (risk / safety) 

The probability that the stock will go below the limit reference point over the defined period, for 
example 20% B0 for orange roughy. 
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Green: A lower than [5%] probability that the stock is or will be below the limit reference point over 
the defined forecasted management period. 

Amber: Between a [5-10%] probability that the stock is or will be below the limit reference point 
over the defined forecasted management period. 

Red: A higher than [10%] probability that the stock is or will be below the limit reference point 
over the defined forecasted management period. 

 

MP03 Probability of being in the green zone of the Kobe plot 

The probability that the stock is or will remain in the green zone of the Kobe plot (biomass above 
target biomass and fishing pressure below target fishing pressure) for those stocks where these 
values are available. 

Green: A greater than [50%] probability that the stock is or will be in the green zone of the Kobe 
plot over the defined forecasted management period. 

Amber: Between a [40-50%] probability that the stock is or will be in the green zone of the Kobe plot 
over the defined forecasted management period. 

Red: A lower than [40%] probability that the stock is or will be in the green zone of the Kobe plot 
over the defined forecasted management period. 

 

MP04 Probability of not overfishing 

The probability that the fishing pressure is or will remain below target fishing pressure for those 
stocks where these values are available. 

Green: A greater than [50%] probability that the fishing pressure is or will be below the target 
fishing pressure over the defined forecasted management period. 

Amber: Between a [40-50%] probability that the fishing pressure is or will be below the target fishing 
pressure over the defined forecasted management period. 

Red: A lower than [40%] probability that the fishing pressure is or will be below the target fishing 
pressure over the defined forecasted management period. 

 

MC01 Long term average annual catch limit (economic, yield) 

This measure tracks the relative economic viability of the different harvest control rules. There are 
no flags associated with it. It is calculated as the average catch limit over the defined forecasted 
management period. This forecast management period might only include later forecast years, i.e., 
once the population has stabilised to target levels. 

 

MC02 Variability of annual catch limit (economic, stability) 

This measure tracks economic stability of the harvest control rule. Is it also a potential sustainability 
indicator for low information stocks. Note that exceeding the catch limit is also captured by 
performance indicator C03. 
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Green: The variability of catch limit over the defined forecasted management period is less than 
[15%]. 

Amber: The variability of catch limit over the defined forecasted management period is between [15-
25%]. 

Red: The variability of catch limit over the defined forecasted management period is greater than 
[25%]. 

 

MC03  Long-term predicted annual CPUE (economic, catch rate) 

This measure tracks the relative economic viability of the different harvest control rules. There are 
no flags associated with it. It is calculated as the average projected CPUE over the defined forecasted 
management period. This forecast management period might only include latter forecast years, i.e., 
once the population has stabilised to target levels. 

 

MA01 Assessment model convergence and reliability 

This indicator captures the adequacy of the stock assessment model to determine status. Applicable 
to stocks with assessment models.  

Green: Diagnostics for all key parameters (biomass indices, and tag-release and recapture 
observations) are adequate, and no evidence of significant departure from model 
assumptions.  

Amber: The majority of diagnostics for all key parameters (biomass indices, and tag-release and 
recapture observations) are adequate; sensitivity runs that evaluate alternative choices of 
parameters where diagnostics are not adequate do not significantly affect estimates of 
status.  

Red: Failure of key parameters to converge at MCMC. Key parameters are poorly estimated; or 
sensitivity runs that evaluate alternative key choices of parameters with model parameters 
where diagnostics are not adequate have a significant effect on estimates of status.  

 

MA02 Fits to the indices of abundance 

Abundance indices in disagreement with the model trajectory, which might indicate that the model 
is not adequate or that the abundance indices are not reliable.  

Green:  The abundance indices are fitted without any significant trend in the residuals. 

Amber: The abundance indices that are fitted have a significant trend in the residuals. 

Red:  Not defined (models should not be used for management purposes if they don’t fit the 
abundance indices). 

 

MA03  Between assessment catch limit variability (Economic, stability) 

The absolute percentage change in catch limits between assessments. This measures changes in 
advice resulting from the assessment, and hence the assessment stability. It also represents 
economic stability. 
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Green: The percentage change in the catch limit from the assessment is less than [0.15] over the 
defined forecasted management period. 

Amber: The percentage change in the catch limit from the assessment is between [0.15 and 0.25] 
over the defined forecasted management period. 

Red: The percentage change in the catch limit from the assessment is greater than [0.25] over the 
defined forecasted management period. 

 

ME04 Change in average recent recruitment  

Evidence of significant reduction in recent recruitment, which may indicate higher or lower 
productivity than assumed. Only applicable for stocks with an assessment that estimates 
recruitment. 

Green:  YCS in the last [10] years lower than [75%] of long-term average YCS. 

Amber: YCS in the last [10] years between [50‒75%] of long-term average YCS. 

Red:  YCS in the last [10] years below [60%] of long-term average YCS. 

 

10.2 Management performance indicators 
These are typically data-based indicators that can be updated most years when new data are 
available. These serve as early warning indicators between assessments and for stocks with no 
assessment available.  

 

FC01 Total annual catch (economic, yield) 

This indicator tracks economic viability. Is it also a potential sustainability indicator for low 
information stocks. Note that exceeding the catch limit is also captured in performance indicator 
C03. 

Green: The annual catch is less than a difference of [15%] of the current limit. 

Amber: The annual catch difference is between [15-25%] of the current limit. 

Red: The annual catch is greater than a difference of [25%] of the current limit. 

 

FC02 Total annual effort (economic, yield) 

This indicator tracks economic viability. Is it also a potential sustainability indicator for low 
information stocks.  

Green: The mean annual effort is less than a difference of [15%] of the mean annual effort over the 
defined reference period ([2018-2022]). 

Amber: The mean annual effort difference is between [15-25%] of the mean annual effort over the 
defined reference period ([2018-2022]). 

Red: The mean annual effort is greater than a difference of [25%] of the mean annual effort over 
the defined reference period ([2018-2022]). 
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FC03 The catch in the most recent seasons is less or equal to the catch limit 

The average catch taken in the most recent seasons should be less than or equal to the total catch 
limit.  

Green: The amount of catch taken from the fishery does not exceed the catch limit when averaged 
over the last [two] seasons. 

Amber: Not defined. 

Red: The amount of catch taken from the fishery exceeds the catch limit when averaged over the 
last [two] seasons. 

 

FC04  Mean unstandardised CPUE (economic, catch rate) 

This indicator tracks economic viability. Is it also a potential sustainability indicator for low 
information stocks.  

Green: The unstandardised CPUE is less than a difference of [15%] of the mean unstandardised 
CPUE over the defined reference period ([2018-2022)]. 

Amber: The unstandardised CPUE is between [15-25%] of the mean unstandardised CPUE over the 
defined reference period ([2018-2022)]. 

Red: The unstandardised CPUE is greater than a difference of [25%] of the mean unstandardised 
CPUE over the defined reference period ([2018-2022)]. 

 

FA01 Abundance indices 

Applicable to stocks with abundance indicators (e.g. CPUE, acoustics). If abundance indices disagree 
with each other, it might indicate that these abundance indices are not reliable to provide 
management advice.  

Green:  The abundance indices are in general agreement with each other. 

Amber: The abundance indices disagree with each other. 

Red:  Not defined. 

 

FA02  Data availability and quality 

Aims to capture when the data collection is no longer adequate for the management of the stock. 
For example, if management advice is based on length data and insufficient length data are 
collected, or if based on acoustics data, insufficient surveys have been carried out. 

Green: The data used for management advice continues to be of adequate quantity and quality to 
provide management advice.  

Amber: The data used for management advice have not been updated for more than one 
assessment cycle.  
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Red: The data used for management advice have not been updated for more than two 
assessment cycles.  

 

FE01 Major ecosystem regime shift 

Evidence of significant ecosystem regime shift affecting stock productivity including major changes in 
prey abundance, predator populations, oceanographic conditions. 

Green:  No evidence of a major environmental regime shift 

Amber: Indirect evidence of a major environmental regime shift 

Red: Direct evidence of a major environmental regime shift that materially effects the 
assumptions underpinning the harvest control rule and the assessment. 

 

FE02 Major spatial redistribution of effort 

Evidence of significant spatial redistribution of effort that may be the result of a management action, 
changing productivity, serial depletion, or stock collapse. 

Green:  No evidence of significant spatial redistribution of effort. 

Amber: Some spatial redistribution of effort that is unlikely to significantly affect the harvest control 
rule or the assessment assumptions. 

Red: Spatial redistribution of effort that is likely to significantly affect the harvest control rule or 
the assessment assumptions. 

 

FE03 Significant selectivity changes 

Evidence of significant selectivity change that may be the result of a management action or fleet 
dynamics. 

Green:  No evidence of significant selectivity change. 

Amber: Some selectivity change that is unlikely to significantly affect the harvest control rule or the 
assessment assumptions. 

Red: Significant selectivity change that is likely to significantly affect the harvest control rule or 
the assessment assumptions. 

 

FE04 Change in biological parameters 

Evidence of significant change in biological parameters from the assumed parameters in the 
management advice. Biological parameters will include length-weight and growth relationship where 
available. 

Green:  Biological parameters in the last [5] years within [80‒120%] of assumed parameters in the 
stock assessment model or stock characterisation. 

Amber: Biological parameters in the last [5] years within [70‒80 or 120‒130%] of assumed 
parameters in the stock assessment model or stock characterisation. 



WS2025-PAM3-03 - Proposed methods and performance measures for harvest strategies for key 
SIOFA fish stocks 
 

27 
 

Red:  Biological parameters in the last [5] years within [<70% or >130%] of assumed parameters in 
the stock assessment model or stock characterisation. 

 

FE05 Catch of Vulnerable Marine Ecosystems indicator taxa (Ecosystem goals) 

Tracks potential increased benthic effect of fishing. 

Green: The annual VME catch is less than a difference of [15%] of the mean annual VME catch over 
the defined reference period ([2018-2022]). 

Amber: The annual VME catch difference is between [15-25%] of the mean annual VME catch over 
the defined reference period ([2018-2022]). 

Red: The annual VME catch is greater than a difference of [25%] of the mean annual VME catch 
over the defined reference period ([2018-2022]). 

 

FE06 Catch of bycatch species (Ecosystem goals) 

Tracks potential increased effect of fishing on associated species. 

Green: The annual bycatch catch is less than a difference of [15%] of the mean annual bycatch catch 
over the defined reference period ([2018-2022]). 

Amber: The annual bycatch catch difference is between [15-25%] of the mean annual bycatch catch 
over the defined reference period ([2018-2022]). 

Red: The annual bycatch catch is greater than a difference of [25%] of the mean annual bycatch 
catch over the defined reference period ([2018-2022]). 

 

FE07 Catch of shark species in Annex I of CMM 12 (2023) (Ecosystem goals) 

Tracks potential increased effect of fishing on “high-risk” and of “concern” shark species (Annex 1 of 
CMM 12 (2023)). 

Green: The annual catch of Annex 1 (CMM 12 2023) shark species is less than a difference of [15%] 
of the mean annual catch of Annex 1 (CMM 12 2023) shark species over the defined 
reference period ([2018-2022]). 

Amber: The annual catch difference is between [15-25%] of the mean annual catch of Annex 1 (CMM 
12 2023) shark species over the defined reference period ([2018-2022]). 

Red: The annual catch of selected shark species is greater than a difference of [25%] of the mean 
annual catch of Annex 1 (CMM 12 2023) shark species over the defined reference period 
([2018-2022]). 

 

FE08 Catch of seabirds (CMM 13 (2022)) (Ecosystem goals) 

Tracks potential increased effect of fishing on seabirds. 

Green: The annual seabird catch is less than a difference of [15%] of the mean annual seabird catch 
over the defined reference period ([2018-2022]). 
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Amber: The annual seabird catch difference is between [15-25%] of the mean annual seabird catch 
over the defined reference period ([2018-2022]). 

Red: The annual seabird catch is greater than a difference of [25%] of the mean annual seabird 
catch over the defined reference period ([2018-2022]). 
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