
1 
 

 
 

 
 

Determining if the CCSBT 
Management Procedure 

sufficiently demonstrates 
sustainability credentials  

of Australian Southern 
Bluefin Tuna 

 
 

Brian Jeffriess and Claire Webber 
January 2021 

 
 

FRDC Project No 2021-037 
 

 
 

http://frdc.com.au/research/info_for_curr_researchers/Pages/frdc_logos.aspx


2 
 

© 2021 Fisheries Research and Development Corporation.  

All rights reserved.    

978-0-9807000-3-9  

Determining if the CCSBT Management Procedure sufficiently demonstrates sustainability 
credentials of Australian Southern Bluefin Tuna 

2021-037 

2021 

 

Ownership of Intellectual property rights 
Unless otherwise noted, copyright (and any other intellectual property rights, if any) in this publication is 
owned by the Fisheries Research and Development Corporation (FRDC) and the Australian Southern 
Bluefin Tuna Industry Association (ASBTIA). 

This publication (and any information sourced from it) should be attributed to [Jeffriess, B.C. and 
Webber, C., 2021, Determining if the CCSBT Management Procedure sufficiently demonstrates 
sustainability credentials of Australian Southern Bluefin Tuna, Port Lincoln, December, 13 pp.] 

 

Creative Commons licence 
All material in this publication is licensed under a Creative Commons Attribution 3.0 Australia Licence, 
save for content supplied by third parties, logos and the Commonwealth Coat of Arms.  

Creative Commons Attribution 3.0 Australia Licence is a standard form 
licence agreement that allows you to copy, distribute, transmit and adapt 
this publication provided you attribute the work. A summary of the licence 
terms is available from https://creativecommons.org/licenses/by/3.0/au/. 
The full licence terms are available from 

https://creativecommons.org/licenses/by-sa/3.0/au/legalcode. 

Inquiries regarding the licence and any use of this document should be sent to: frdc@frdc.com.au 

 

Disclaimer 
The authors do not warrant that the information in this document is free from errors or omissions. The 
authors do not accept any form of liability, be it contractual, tortious, or otherwise, for the contents of this 
document or for any consequences arising from its use or any reliance placed upon it. The information, 
opinions and advice contained in this document may not relate, or be relevant, to a readers particular 
circumstances. Opinions expressed by the authors are the individual opinions expressed by those 
persons and are not necessarily those of the publisher, research provider or the FRDC.   

The Fisheries Research and Development Corporation plans, invests in and manages fisheries research 
and development throughout Australia. It is a statutory authority within the portfolio of the federal Minister 
for Agriculture, Fisheries and Forestry, jointly funded by the Australian Government and the fishing 
industry. 

 

Researcher Contact Details FRDC Contact Details 
Name: 

Address:  

 

Phone:  

Email: 

Brian Jeffriess 

12/6 South Quay Blvd 

Port Lincoln SA 5606 

0419 840299 

austuna@bigpond.com 

Address: 

 

Phone:  

Fax: 

Email: 

Web: 

25 Geils Court   

Deakin ACT 2600 

02 6285 0400 

02 6285 0499 

frdc@frdc.com.au 

www.frdc.com.au 

In submitting this report, the researcher has agreed to FRDC publishing this material in its edited form. 

https://creativecommons.org/licenses/by/3.0/au/
https://creativecommons.org/licenses/by-sa/3.0/au/legalcode
mailto:frdc@frdc.com.au


3 
 

 

Contents 
Contents ................................................................................................................................. 3 
Acknowledgments ............................................................................................................. 4 
Abbreviations ...................................................................................................................... 5 
Executive Summary .......................................................................................................... 6 
1 Introduction .................................................................................................................. 7 
2 Project Objectives ....................................................................................................... 8 
3 Methods .......................................................................................................................... 9 
4 Results .......................................................................................................................... 11 
5 Conclusion .................................................................................................................. 12 
6 Implications ............................................................................................................... 12 
7 Recommendations ................................................................................................... 12 
8 Extension and Adoption ........................................................................................ 13 
9 References .................................................................................................................. 13 
10 Appendices & Project Materials .................................................................. 13 

Appendix One: Developing a Point of Recruitment Impairment (PRI) for 
Southern Bluefin Tuna .......................................................................................................... 13 

 



4 
 

Acknowledgments 
This work received funds from the Fisheries and Research Development 
Corporation (FRDC) and funding partner Australian Southern Bluefin Tuna 
Industry Association Ltd (ASBTIA) as part of an Industry Partnership Agreement 
(IPA). 
 
Authors would like to thank the following organisations and people for their 
contribution to the production of this report and the information contained 
therein: 
 

• CSIRO Oceans and Atmosphere for their scientific contribution and high 
quality reporting capability.  Specific acknowledgement of Rich Hillary, 
Ann Preece and Campbell Davies for prompt response times and clear 
communications.  

• FRDC for responding to industry need for this project without delay.  In 
particular Christopher Izzo, SBT IPA Manager, who understanding the tight 
timeframe required for the delivery of this project, ensured a smooth 
administrative process. 

 
 
 
 
 
 
 
 
  



5 
 

Abbreviations 
ACDR – Announcement Comment Draft Report 

AFMA – Australian Fisheries Management Authority 

ASBTIA - Australian Southern Bluefin Tuna Industry Association Ltd 

CCSBT – Commission for the Conservation of Southern Bluefin Tuna 

CSIRO - Commonwealth Scientific and Industrial Research Organisation 

DAWE – Department of Agriculture, Water and Environment  

ESC – Extended Scientific Committee (of CCSBT) 

FRDC - Fisheries and Research Development Corporation 

FoS – Friend of the Sea 

GAB – Great Australian Bight 

IPA - Industry Partnership Agreement 

MP – Management Procedure 

MRAG – Marine Resources Assessment Group 

MSC – Marine Stewardship Council 

OM – Operating Model 

PA – Per annum 

RMFO – Regional Fisheries Management Organisation 

SBT – Southern Bluefin Tuna 

SSB – Spawning Stock Biomass 

TRO - Total Reproductive Output 

 

 



6 
 

Executive Summary 
This research project is an important step for the Australian Southern Bluefin 
Tuna fishery for catching fish for farms. The project directly addressed the point 
which is seen as the remaining barrier to the fishery achieving Marine 
Stewardship Council certification. 

The project output – presented in Appendix One – establishes that Southern 
Bluefin Tuna exceeds considerably the Marine Stewardship Council sustainability 
criteria required to meet Marine Stewardship Council Principle 1: Sustainable 
target fish stocks*. The methodology used by Commonwealth Scientific and 
Industrial Research Organisation was confirmed by the Commission for the 
Conservation of Southern Bluefin Tuna Extended Scientific Committee in August 
2021 and might be seen as model to be used by other fisheries facing the same 
problem with certification bodies. 

 
Key Words:  Recruitment, Southern Bluefin Tuna, Marine Stewardship Council, 
Sustainability Criteria, Stock Assessment, Australia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* A fishery must be conducted in a manner that does not lead to over-fishing or depletion of the exploited 
populations and, for those populations that are depleted, the fishery must be conducted in a manner that 
demonstrably leads to their recovery. 
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1 Introduction 
Southern Bluefin Tuna (Thunnus maccoyii, SBT) is an expanding Australian export 
fishery that is part of the international SBT fishery managed by the Commission 
for the Conservation of SBT (CCSBT, ccsbt.org). Since CCSBT introduced the 
Management Procedure (MP) Harvest Strategy in 2012 to set the international 
quota, Australia’s quota allocation (35% of the CCSBT total) has increased 
continually from 4,015 tonnes pa in 2011 to 6,238 tonnes pa in 2021-2023. The 
quotas for 2024-2026 will be decided by CCSBT in October 2022. 

At the same time, the catch quota for Eastern Atlantic Bluefin Tuna (Thunnus 
thynnus) has increased rapidly to around 36,000 tonnes pa, with the large majority 
going into farms, using the original Australian farming technology developed by a 
pioneering FRDC Project in 1991-1993.  These farming methods have also 
expanded to produce 18,000 tonnes pa of farmed Pacific Bluefin Tuna (Thunnus 
orientalis) in Japan and 6,000 tonnes pa in Mexico. 

Despite the growth in competitive product, continued innovation in Australia has 
resulted in Australia being globally competitive overall. For example, the FRDC 
Project on blood flukes has resulted in the mortalities in Australian SBT farming 
reducing from 14% in 2012 to 0.3% in 2020 (www.afma.gov.au). 

Another example is that Australia has utilized its competitive freight advantage in 
the current major global market (Japan) and in the emerging China market. 

Over 85% of Australia’ s SBT quota is captured live for farming and grown out in 
a special Tuna Farming Zone off Port Lincoln. The other 15% is caught by 
longlining on Australia’s east coast, but this volume is restricted by the seasonality 
of SBT availability in Australia, as well as logistical barriers to freezing the catch. 

Farmed SBT is already certified by Friend of the Sea (FoS), but the market is 
increasingly demanding certification by the Marine Stewardship Council (MSC). 
The impact of SBT not being MSC certified was worsened in 2020, when MSC 
certified an Atlantic Bluefin longliner, including the East Atlantic stock.  

This project application has been developed to assist the Australian SBT Farming 
sector overcome a specific challenge within the MSC assessment process in order 
to achieve certification.  It is important to note that Australia’s application to the 
MSC process is only for the SBT catch in the Great Australian Bight (GAB) for 
farming. It does not address any issues which may arise for the high seas longline 
catch of SBT under Principles 2 and 3 of the MSC process. 

This project arose during the MSC Pre-assessment (called Announcement 
Comment Draft Report – ACDR) when the question arose of how to reconcile the 
way that MSC defines its Principle 1 sustainability criterion with the way that 
CCSBT conducts stock assessments. As noted in Appendix One to this report, the 

https://www.ccsbt.org/
http://www.afma.gov.au/
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MSC relies on a Point of Recruitment Impairment (PRI). In the MSC Guidelines a 
decision tree applies to the definition of a default PRI when an analytical estimate 
is not available. In the CCSBT case, that default PRI is at 20% of the unfished adult 
population abundance. The CCSBT Management Procedure (MP) is defined in 
terms of meeting future relative abundance targets, not current ones. 

The need was for CCSBT Member experts to calculate a candidate analytical PRI 
for SBT using the steepness and relative adult abundance level. In completing the 
project, CSIRO also calculated the probability of being above the MSC-defined risk 
criteria for historical population abundance estimates from the most recent stock 
assessment. 

It was agreed by DAWE, CSIRO, the ESC senior officials and ASBTIA that the way 
to resolve the issue was for CSIRO (Australia) to develop a Scientific Paper to be 
tabled at the 2021 CCSBT scientific meeting on 23-31 August. Any comment could 
be then taken into account in finalizing the paper.  

The attached paper in Appendix One was developed by CSIRO and presented as 
one of a number of scientific papers to the CCSBT Extended Scientific Committee 
(ESC) meeting in August 2021 (Paper CCSBT-ESC/2108/Info01 on ccsbt.org).  The 
paper was accepted without comment. It was then accepted by the CCSBT 
Commission meeting on 11-15 October 2021, and publicly released by the CCSBT. 

 

This project addresses FRDC's strategic challenge under Outcome 5: Community 
trust, respect and value.  Consultation with ASBTIA Members (end users) has been 
undertaken and the is endorsed by the ASBTIA Executive Committee. 
 
 
 

2 Project Objectives 
1. For CSIRO (on behalf of Australia) to produce a report on how the current 

CCSBT Management Procedure (MP) can be tuned to achieve the default 
PRI. 

2. Calculate the probability of global SBT populations being above the MSC-
defined risk criteria for historical abundance estimates from the most 
recent stock assessment. 
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3 Methods 
The CSIRO report outlines an approach to deriving an analytical PRI for SBT based 
on the available (and agreed) stock status and productivity information for the 
stock.  

CSIRO notes that broadly speaking, tuna RFMOs have not focused on deriving 
analytical PRIs for the various stocks they manage, so there were no existing 
examples from which to base an assessment against this MSC criterion. 
Therefore, the key reference used by CSIRO in their analysis was Myers et al. 
(1994) [5].   Since publication, CSIRO notes that the Myers paper has informed a 
lot of the progression from “what is a good spawning stock biomass (SSB) 
depletion level?” to “what depletion levels correspond to bad levels with respect 
to recruitment overfishing?” This is the key focus of the PRI. 
 
Below is the full abstract from Meyers used by CSIRO [5]:  

“In this study we consider the problem of estimating, for management 
purposes, a minimum biomass reference level at which recruitment to a 
fish stock is seriously reduced. We take an empirical, comparative 
approach to the problem by examining observations on a wide range of fish 
stocks. Eight methods for estimating spawning stock biomass thresholds 
for recruitment overfishing are investigated. Their behaviour is tested 
using stock and recruitment data for 72 finfish populations, each with at 
least 20 years of data. We considered three classes of thresholds defined 
by: (1) the stock size corresponding to 50% of the maximum predicted 
average recruitment; (2) the minimum stock size that would produce a 
good year class when environmental conditions are favourable; and (3) the 
stock size corresponding to 20% of various estimates of virgin stock size.  
The estimators of the first type are generally preferable because they are 
easily understood, relatively robust if only data at low stock sizes are 
available, and almost always result in higher levels of recruitment above 
the threshold.”  

 
CSIRO notes that the high-level conclusion from Myers et al. [5] is that, specifically 
in relation to thresholds for recruitment overfishing (i.e. PRI), a better approach 
than defaulting to 20% of the mature biomass depletion for the PRI would be the 
mature biomass depletion at which the mean recruitment level is at 50% of the 
maximum recruitment. The maximum recruitment condition requires some 
interpretation through whatever the particular stock-recruitment curve is 
assumed. For the Beverton-Holt model used in the SBT assessment model, there 
are two potential interpretations as outlined by CSIRO in Appendix One: 
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1. With an expected relationship between mean recruitment, R, and 
mature biomass, S, as 2 | CCSBT–ESC/2108/Info1 follows: R = αS β + S 
then the maximum recruitment occurs at S = ∞ and the value is R = α. 
This interpretation doesn’t really follow logically because S = ∞ is not 
attainable without some sort of consistently increasing recruitment trend, 
which is impossible given the formulation of the model where dR/dS 
monotonically decreases as S increases.  
 
2. For the Beverton-Holt model the maximum long-term average 
recruitment would be at F = 0 and would effectively be R0 = αS0/(β+S0), 
where S0 is the unfished equilibrium mature biomass (an estimated 
parameter of the SBT assessment model). This interpretation makes more 
sense in terms of what constitutes an attainable maximum long-term 
average recruitment level to be used in the calculation of a PRI. Proceeding 
using this definition (R0) for maximum recruitment, what we need to 
calculate to get the PRI reference point, R, is the following: R = R R0 = αS β 
+ S × β + S0 αS0 (2.1) Given that both α and β depend on steepness (the key 
recruitment resilience parameter in the assessment) in a moderately 
complex way, the details of the derivation of the key PRI statistic are moved 
to the Appendix. In the SBT assessment we use the concept of Total 
Reproductive Output (TRO), rather than the mature biomass proxies often 
used. 

CSIRO notes in Appendix One that the final formula depends on two key stock 
assessment outputs: relative TRO for each year (i.e. ∆y = T ROy/T RO0) and the 
steepness value of that particular grid cell, h: R = 4h∆ h (5∆ − 1) + 1 − ∆ (2.2) which, 
at a high level, behaves as one would intuit: at h = 1 when recruitment is 
independent of TRO, R = 1; when h = 0.2 where recruitment is linearly related to 
TRO, R = ∆. 
  
Therefore, CSIRO argues that an analytic estimate of a PRI that is consistent with 
the recommendations of [5], as opposed to the proxy used in the absence of an 
analytic PRI, is readily calculable from two pieces of information: the steepness 
in the uncertainty grid and the relative TRO. CSIRO notes that both these pieces 
of information have been agreed and approved within the CCSBT Scientific 
Committee and Commission and are provided in CCSBT reports [3][4]. If one 
follows the same risk requirements as used for the PRI proxy (i.e. probability of 
0.7 of exceeding the PRI) then the full requirement is that P (R > 0.5) ≥ 0.7. The 
risk level would be calculated across the full uncertainty grid used within the 
reference set of OMs employed in the most recent CCSBT stock assessment [3]. 
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4 Results 
The overarching result is that, for the specified derivation of an analytical PRI for 
SBT, based on the most recent CCSBT stock assessment, the current status of the 
stock (as of 2020) is well above the 0.7 risk criterion with an increasing trend both 
recently and into the future based on projections under the current MP (CCSBT–
ESC/2108/Info1). 

In its report to CCSBT, CSIRO outlined the rationale for, and calculation of, a 
suitable PRI for SBT, which they considered consistent with the MSC guidelines, 
as well as an assessment of the recent status of the stock relative to the specified 
PRI. The purpose was purely focused on the calculation of an analytical PRI 
consistent with requirement of the MSC’s Principle 1 sustainability criteria based 
on readily accessible outputs from the regular CCSBT stock assessment.  

The CSIRO report focuses on the recommendations of the key Meyer paper in this 
area [5] which concluded, using data across 72 different stocks with at least 20 
years of data per stock, that the PRI is best defined in terms of the relative 
reproductive potential that results in a mean recruitment of 50% of the unfished 
level. We outlined how this PRI can be derived and readily calculated using only 
the estimates of the distribution steepness and relative TRO over time from the 
most recent SBT stock assessment [3].  

Using the analytical PRI, CSIRO assessed the historical and recent status of the SBT 
stock relative to the derived PRI, given the pre-specified critical risk criteria of a 
probability of 0.7 from the MSC guidelines. CSIRO notes in Appendix One that the 
SBT stock fell below the 0.7 level by around 1996 and did not rise above that level 
until around 2015, after which it continued to increase as the stock slowly rebuilt 
to a probability of just below 0.9 by 2020.  

Importantly, CSIRO notes that the qualitative trends in the calculated PRI 
mirrored those of the CCSBT-focused probability of being above 20% of the 
unfished TRO, indicating a level of qualitative consistency between the two 
measures, from the most recent assessment of stock status.  

CSIRO notes in Appendix One that the overarching conclusion is that, for the 
specified derivation of an analytical PRI for SBT, based on the most recent CCSBT 
stock assessment, the current status of the stock (as of 2020) is well above the 0.7 
risk criterion with an increasing trend both recently and into the future based on 
projections under the current MP.  
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5 Conclusion 
The Project successfully achieved its objective of outlining a methodology for 
reconciling the MSC criteria for sustainability under MSC Principle I with the 
CCSBT Management Procedure approach. It enables a PRI to be derived from the 
CCSBT approach. 

In this case, CSIRO added considerable value to the original Project Objective by 
actually calculating how far the SBT stock is above the 0.7 MSC risk criterion. They 
conclude that the SBT stock fell below the 0.7 level by around 1996 and did not 
rise above that level until around 2015, after which it continued to increase as the 
stock slowly rebuilt to a probability of just below 0.9 by 2020.  

On the wider implications – we note that it is unclear whether the difficulty of 
reconciling newer stock assessment methods such as MPs and decision rules with 
the criteria used by certification bodies is widespread or limited to particular 
RFMOs and/or species. In any case, this project provides a strong case for 
reconsidering the criteria used by certification bodies. 

However, it also indicates that where the methodologies used by an RFMO such as 
CCSBT and possibly many national fisheries assessments may need to be modified 
to take into account the criteria used by certification bodies. 
 
 
 

6 Implications 
The major implication of the Report is that the industry can proceed with the full 
assessment of SBT caught in the GAB for farming to be certified by MSC.  There 
may be wider implications such reconsidering the content of the MSC criteria.  
 
 
 

7 Recommendations 
Our recommendation is that the current review of the MSC criteria needs to 
consider the increase in the number of fisheries managing their fisheries by 
management procedures and decision rules.  
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8 Extension and Adoption 
The Report will be provided to the Conformity Assessment Board (CAB) 
authorised by MSC to carry out MSC pre-assessments. It will also be provided to 
MSC, eNGOs, other Australian Tuna Fisheries, AFMA, AWE and international 
bodies such as the International Seafood Sustainability Foundation (ISSF). 
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Abstract

The Marine Stewardship Council (MSC) defines its Principle 1 sustainability criterion in
terms of the concept of a Point of Recruitment Impairment (PRI). In the MSC guidelines a
decision tree applies to the definition of a default PRI when an analytical estimate is not
available - in the CCSBT case that default PRI is at 20% of the unfished adult population
abundance. The CCSBT Management Procedure is defined in terms of meeting future
relative adult abundance targets, not current ones. This paper outlines the calculation of
a candidate analytic PRI for SBT using the steepness and relative adult abundance level.
We also calculated the probability being above the MSC-defined risk criteria for historical
population abundance estimates from the most recent stock assessment.

1 Background
The Commission for the Conservation of Bluefin Tuna (CCSBT) has, since 2011, used a fully
simulation tested Management Procedure (MP) as the method of providing management advice.
In 2011 [1] the MP was driven by long-line CPUE and juvenile biomass indices; in 2020 [2] a new
MP was adopted and implemented using long-line CPUE alongside a gene tagging index of 2
year old SBT and Close-Kin Mark-Recapture data to estimate the adult abundance and mortality.
In 2011 the interim rebuilding target was 20% of the unfished SSB, B0, to be attained by 2035
with a probability of 0.7. In 2020, given more favourable recruitment and recent SSB depletion
estimates, the rebuilding criterion was adjusted to achieve a depletion level of 30% by 2035
with probability 0.5. The key point is that the CCSBT uses fully evaluated MPs tuned to meet
specific risk criteria for SSB depletion levels at pre-specified points in the future as a basis
for management advice. The CCSBT Scientific Committee and Commission doesn’t use current
stock status to provide management advice - it does use current status to report on the progress
of the rebuilding strategy over time but not in setting quotas [2]. The reasons for the CCSBT
taking this approach are well documented and supported by nearly two decades of research
[1, 2]. They do differ, however, with how the Marine Stewardship Council (MSC) approaches
the concept of sustainability in its Principle 1 guidelines: MSC standards. For the MSC the
primary sustainability condition for the target species of interest is couched in terms of a Point
of Recruitment Impairment (PRI) - a limit reference point for the reproductive part of the stock
(using which ever proxy is applied e.g. spawning stock biomass). Given the variable way in
which stock status metrics are derived and reported across various fisheries around the world
the MSC defines a type of decision tree for how to define the PRI for a particular stock. From the
MSC’s documentation the conditional sequence, in relation to SBT, is:

1. The analytical estimate of Bmsy/B0 < 0.4

2. There is no analytical estimate of the PRI

3. The default PRI is that P (TRO/TRO0 > 0.2) ≥ 0.7

We interpret the use of the word “analytical” above to mean derived from estimated, measured,
and assumed variables in the stock assessment, which in the case of CCSBT, is TRO, the Total
Reproductive Output of the stock in a given year (with TRO0 being what we would expect in the
absence of fishing).

The CCSBT, and indeed arguably most of the other tuna RFMOs, have not focussed on deriving
what could be interpreted as an analytical PRI for their stocks. Indeed most of the tuna RMFOs
limit reference points are expressed in terms of 20% of the unfished state with a variety of

CCSBT–ESC/2108/Info1 | 1

https://www.msc.org/standards-and-certification/the-msc-standards


different risk criteria attached to that - this is probably why the MSC uses a specific condition
relating to this status level in its default PRI. In the past, the CCSBT has outlined some more
empirical historical reference points which could be related to the concept of the PRI. Many
years ago the spawning stock biomass (SSB - used prior to the inclusion of the CKMR data)
depletion in 1980 (REFS) was discussed as the point in time where estimated mean recruitment
began to decrease as the SSB decreased further; as a result it is used as the basis for the
interim rebuilding target. So, this was a more empirical type of PRI and would arguably not
be considered analytic. Also, while some features of the SSB and recruitment estimates from
more recent stock assessments still display that trend in the 1990s and through the early 2000s,
the more recent better estimates of average recruitment (comparable with the lower end of the
estimates from the 1960s through to 1980) complicates that observation. Given this, our main
observation is that historical empirical PRI-like observations are not likely to prove a robust and
defensible proxy for an analytical PRI for SBT. In this paper we provide a derivation of PRI that
we consider consistent with the intent of the MSC guidelines that can be calculated with the
available output from the CCSBT Operating Models used for the regular assessment of stock
status and testing on MPs.

2 Methods
This section outlines an approach to deriving an analytical PRI for SBT based on the available
(and agreed) stock status and productivity information for the stock. The key reference in this
specific space is Myers et al. (1994) [3]. Since publication, this paper has informed a lot of the
progression from “what is a good SSB depletion level?” to “what depletion levels correspond to
bad levels with respect to recruitment overfishing?”. This is the key focus of the PRI. Below is
the full abstract for [3]:

“In this study we consider the problem of estimating, for management purposes, a minimum
biomass reference level at which recruitment to a fish stock is seriously reduced. We take an
empirical, comparative approach to the problem by examining observations on a wide range
of fish stocks. Eight methods for estimating spawning stock biomass thresholds for recruitment
overfishing are investigated. Their behaviour is tested using stock and recruitment data for 72 fin-
fish populations, each with at least 20 years of data. We considered three classes of thresholds
defined by: (1) the stock size corresponding to 50% of the maximum predicted average recruit-
ment; (2) the minimum stock size that would produce a good year class when environmental
conditions are favourable; and (3) the stock size corresponding to 20% of various estimates of
virgin stock size. The estimators of the first type are generally preferable because they are eas-
ily understood, relatively robust if only data at low stock sizes are available, and almost always
result in higher levels of recruitment above the threshold.”

The high-level conclusion from Myers et al. [3] is that, specifically in relation to thresholds for re-
cruitment overfishing (i.e. PRI), a better approach than defaulting to 20% of the mature biomass
depletion for the PRI would be the mature biomass depletion at which the mean recruitment level
is at 50% of the maximum recruitment. The maximum recruitment condition requires some inter-
pretation through whatever the particular stock-recruitment curve is assumed. For the Beverton-
Holt model used in the SBT assessment model there are two potential interpretations:

1. With an expected relationship between mean recruitment, R, and mature biomass, S, as
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follows:

R =
αS

β + S

then the maximum recruitment occurs at S = ∞ and the value is R = α. This interpre-
tation doesn’t really follow logically because S =∞ is not attainable without some sort of
consistently increasing recruitment trend, which is impossible given the formulation of the
model where dR/dS monotonically decreases as S increases.

2. For the Beverton-Holt model the maximum long-term average recruitment would be at F =
0 and would effectively beR0 = αS0/(β+S0), where S0 is the unfished equilibrium mature
biomass (an estimated parameter of the SBT assessment model). This interpretation
makes more sense in terms of what constitutes an attainable maximum long-term average
recruitment level to be used in the calculation of a PRI.

Proceeding using this definition (R0) for maximum recruitment, what we need to calculate to get
the PRI reference point,R, is the following:

R =
R

R0

=
αS

β + S
× β + S0

αS0

(2.1)

Given that both α and β depend on steepness (the key recruitment resilience parameter in the
assessment) in a moderately complex way, the details of the derivation of the key PRI statistic
are moved to the Appendix. In the SBT assessment we use the concept of Total Reproductive
Output (TRO), rather than the mature biomass proxies often used. The final formula depends on
two key stock assessment outputs: relative TRO for each year (i.e. ∆y = TROy/TRO0) and
the steepness value of that particular grid cell, h:

R =
4h∆

h (5∆− 1) + 1−∆
(2.2)

which, at a high level, behaves as one would intuit: at h = 1 when recruitment is independent
of TRO, R = 1; when h = 0.2 where recruitment is linearly related to TRO, R = ∆. Therefore
we argue that an analytic estimate of a PRI that is consistent with the recommendations of [3],
as opposed to the proxy used in the absence of an analytic PRI, is readily calculable from two
pieces of information: the steepness in the uncertainty grid and the relative TRO. Both these
pieces of information have been agreed and approved within the CCSBT Scientific Committee
and Commission and are provided in CCSBT reports [2].

If one follows the same risk requirements as used for the PRI proxy (i.e. probability of 0.7 of
exceeding the PRI) then the full requirement is that P (R > 0.5) ≥ 0.7. The risk level would be
calculated across the full uncertainty grid used within the reference set of OMs employed in the
most recent CCSBT stock assessment [2].

3 Results
Figure 1 shows the probability of exceeding the PRI - i.e. R > 0.5 - as defined in Eq. (2)
over time, given the most recent estimates of both steepness and relative TRO. The probability
of exceeding the PRI falls below 0.7 by around 1996 and only increases above 0.7 in 2015
increasing to a probability of just below 0.9 by 2020
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Figure 3.1: Probability of exceeding the PRI over time (blue dots) with the critical threshold of
0.7 the dotted magenta horizontal line.

While coincidental, the default PRI condition (P (TRO/TRO0 > 0.2) ≥ 0.7), was embedded
within the performance requirements of the Bali Procedure implemented in 2011 [1] as the in-
terim rebuilding objective and key tuning criterion. In the Cape Town Procedure (CTP) imple-
mented in 2020 [2] it was a performance statistic to be met (or exceeded) alongside the tuning
criterion of reaching 30% relative TRO in 2035 with probability 0.5. Specifically for the refer-
ence set of Operating Models (on which the stock assessment was based) Figure 2 shows
P (∆ > 0.2) over time for the adopted CTP projecting forward in time from 2020 to 2050. The
stock is projected to exceed the 70% risk level between 2022 and 2023. The main point of com-
paring these two is to demonstrate that, qualitatively speaking, they broadly agree in terms of
trends - especially recently (and into the future for the MP).By deriving an analytical PRI we are
not creating an alternative to the default proxy of P (TRO/TRO0 > 0.2), we are simply looking
to derive a statistic that is consistent with the intent of the PRI concept specified in the MSC
guidelines.

4 Discussion
In this document we have outlined the rationale for, and calculation of, a suitable Point of Recruit-
ment Impairment (PRI) for Southern Bluefin Tuna, which we consider consistent with the MSC
guidelines, as well as an assessment of the recent status of the stock relative to the specified
PRI. The purpose is purely focussed on the calculation of an analytical PRI consistent with re-
quirement of the Marine Stewardship Council’s Principle 1 sustainability criteria based on readily
accessible outputs from the regular CCSBT stock assessment. This work is has no bearing on
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Figure 3.2: Probability of exceeding a relative TRO of 0.2 historically and projected out to 2050
for the CTP as implemented by the CCSBT. The dotted line denotes the 70% probability level.

the Management Procedure work recently completed in 2019 and then implemented in 2020
[2] and is not presented as an alternative reference point for consideration within the CCSBT
Scientific Committee and Commission.

Broadly speaking, tuna RFMOs have not focussed on deriving analytical PRIs for the various
stocks they manage, so there were no existing examples from which to base an assessment
against this MSC criterion. The work herein instead focussed on the recommendations of the
key paper in this area [3] which concluded, using data across 72 different stocks with at least 20
years of data per stock, that the PRI is best defined in terms of the relative reproductive potential
that results in a mean recruitment of 50% of the unfished level. We outlined how this PRI can be
derived and readily calculated using only the estimates of the distribution steepness and relative
TRO over time from the most recent SBT stock assessment [2].

Using the analytical PRI we assessed the historical and recent status of the SBT stock relative
to the derived PRI, given the pre-specified critical risk criteria of a probability of 0.7 from the
MSC guidelines. The SBT stock fell below the 0.7 level by around 1996 and did not rise above
that level until around 2015, after which it continued to increase as the stock slowly rebuilt to a
probability of just below 0.9 by 2020. The qualitative trends in the calculated PRI mirrored those
of the CCSBT-focussed probability of being above 20% of the unfished TRO, indicating a level
of qualitative consistency between the two measures, from the most recent assessment of stock
status. The overarching conclusion is that, for the specified derivation of an analytical PRI for
SBT, based on the most recent CCSBT stock assessment, the current status of the stock (as of
2020) is well above the 0.7 risk criterion with an increasing trend both recently and into the future
based on projections under the current MP.
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Appendix
We need to get a definition for the PRI variable,R:

R =
R

R0

=
αS

β + S
× β + S0

αS0

in terms of the steepness, h, and the relative adult biomass, ∆ = S/S0. The parameters α and
β are defined as follows:

α =
4hR0

S0(1− h)
,

β =
5h− 1

S0(1− h)
.

If we now replace these relationships in Eq. (1) we get the following:

R =

4hR0S
S0(1−h)

R0

(
1 + 5h−1

S0(1−h)
S
)

and multiplying the numerator and denominator by 1− h we obtain

R =
4h∆

5h∆− h+ 1−∆
=

4h∆

h(5∆− 1) + 1−∆

which is now defined only in terms of h and ∆ as required �.
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